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and detectors

v Historical introduction of the boson and of the LHC
see also seminar

v Some phenomenological comments by Massimiliano
Grazzini

v Rapid overview of the detectors -

_ and the description of the analysis in the
v The discovery various channels , and the searches for
additional bosons
v The first measurements of the properties
v The future of the physics with the scalar boson(s)

v Backup ( with references)
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references

| made the effort of compiling (almost) all the
references from ATLAS and CMS in the appendix
going from 36pb-1 to the full 5+25 fb-1 full analysis
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There are 2 important results at the LHC
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and no new physics !

Lyon 28-29 oct 13



THE NOBEL PRIZE IN PHYSICS 2013

POPULAR SCIENCE BACKGROUND

Here, at last!

Francois Englert and Peter W. Higgs are jointly awarded the Nobel Prize in Physics 2013 for the
theory of how particles acquire mass. In 1964, they proposed the theory independently of each other
(Englert together with his now deceased colleague Robert Brout). In 2012, their ideas were confirmed
by the discovery of a so called Higgs particle at the CERN laboratory outside Geneva in Switzerland.
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Disclaimer

This is not a course on the whole LHC physics !

| probably do not have everywhere all the most
recent results !

| will be detector-oriented
( not statistics oriented)
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| will not discuss very exotic models/ideas
but they are in the references

examples

ATLAS-CONF-2013-018

Search for heavy top-like quarks decaymg to a Higgs boson and a top quark m IJ s F f r
the lepton plus jets final state m pp collisions at sqrt(s) =8 TeV with
the ATLAS detector ( 14 fb-1)

ATLAS-CONF-2013-093

Search for chargino and neufralino production m final states with one lepton.
two b-jets consistent with a Higgs boson. and missing transverse momentum
with the ATLAS detector m 20.3 tb-1 of vs = 8 TeV pp collisions

. the
sions Of
1 il discuss ET0 N )
B“tlwﬁ\s S ..,¥
Y 9
(SUSY >

—yun 28-29 oct 13



| will not give full justice to the Tevatron

But we cannot overestimate what the LHC experiments
owe to the Tevatron , in particular in term of
analysis methods !
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« Proton-antiproton collider at Vs=1.96 TeV
« Tevatron accelerator: 6.5 km circumference
« Two general-purpose experiments: CDF and DY
« 10-year long Run Il ended Sept. 30", 2011
« Total integrated luminosity delivered in Run II:
~12 fb-! (per experiment)
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Rien n’est cru si fermement que ce

que l’on sait le moins
Nothing is believed more strongly that which we know the least

Montaigne , Essalis
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and detectors
v Historical introduction of the boson and of the LHC
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Spontaneous Symmetry breaking
The Brout-Englert-Higgs mechanism

The LHC

Lyon 28-29 oct 13
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1950 Ginzburg-Landau ( Meissner-Ochsenfeld effect — London penetration length ~W mass
1959 Nambu — Pippard coherence length ~ H mass )
1960 Goldstone
1961 Schwinger
1962 Anderson related to sort of
1964 Brout, Englert, Higgs, Guralnik,Hagen,Kibble (Anderson) Brout-Englert-Hidf
1967 Weinberg, Salam Faddeev,Popov |
1970 Glashow, lliopoulos,

Maiani, ‘t Hooft, Veltman.....

b

discovery of W and Z at CERN

1984 , Darriulat, Di Lella, Repellin, ..... Lausanne

1983 1Rubbia, van der Meer, Spiro, Banner,

1989  construction of the LEP ( e+ e- collider ) tunnel finished
beginning of the R & D of LHC experiments

1992«— LOI of ‘large’ LHC experiments

1994<«— TP of ATLAS andCMS approval of LHC (december)

1995 discovery of top by CDF and DO (following evidence in 1994 by CDF)
1996 «— approval of LHC in one step (december)

1998 «— approval of the 4 largest LHC experiments (ATLAS,CMS, LHCb, ALICE)
1999 *— ATLAS Physics TDR CERN/LHCC/99-14 CERN/LHCC/99-15

2006 <+— CMS Physics TDR J. Phys. G: Nucl. Part. Phys. 34 (2007) 995-1579
2008 «— ATLAS Expected Performance arXiv:0901.0512
2010 «— start-upat 3.5 + 3.5 TeV

2012 «— 4th July discovery of boson
2013 <— Doson like properties
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2010 2009 2008

2012 2011

2013

10th september 2008 : first beams around
19th september 2008 : incident

Albert De Roeck

14 months of major repairs and consolidationd =" I
New Quench Protection system

20th november 2009 : first beams around (again)
december 2009 : collisions at 2.36 TeV cms

January 2010 : decided scenario 2010-11 7 TeV cms

30th march 2010 : first collisions at 7 TeV cms instead of 14 TeV
august 2010 : luminosity of 103! cm2 s

may 2011 : luminosity > 103 cm2 s
november 2011 : integrated luminosity ~ 5 fb-!
13t december 2011 : first ‘signal’ around 126 GeV

march 2012 : start again at 8 TeV

4% July 2012 : evidence for a new boson
(integrated luminosity ~ 6 fb?)

(Standard-Model) boson-like properties
peak luminosity 7 103 cm? st
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» The LHC

The LHC is a (mainly) pp superconducting collider of 27 km long in a tunnel
~ 100 m underground close to Geneva ( tunnel already used by LEP) which

should Work with a design centre- of mass energy of 14 TeV

S R T T % r—m
Mont B|anc

CERN
(Centre

Europeen
de

Recherche

(sub)Nucleaire)

in fact world center




LHC = Large Hadron Collider

aopog, hadros = strong
for particles sensitive to
strong Interaction

hadrons are opposed to leptons
Aert0s = thin

In fact it accelerates mainly protons
but also ions
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luminosity Is a property of beams

event rate [ events s!]
= luminosity [ nb* st ] * cross section [nb]

kN f Number of Number of bunches
) A bunch
|energy
J.\ITQ ;‘Lih f?‘ETE
L =" F

m,4T0%e

Transverse size of the beams
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Important parameters

(instantaneous) luminosity
LHC : currently
peak luminosity is 7 103 cm= st
other unit = nb1 st

Integrated luminosity
for ATLAS and CMS each
it was ~ 5 fbtat Vs = 7 TeV and at

Notion of pile-up : in a bunch-crossing , in addition to the
‘nice’ event there are additional p-p interactions ( ~35
for 7 1033 cm st ) which make the ‘nice’ event more
complicated to analyze

Lyon 28-29 oct 13
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Recorded Luminosity [pb "/0.1]

Lyon 28-29 oct 13
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FPeak Luminosity [1(}33 cm? 57

Feak interactions per crossing
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Condensed matter physics

SSB = Spontaneous Symmetry Breaking : There are symmetries
of the Lagrangian that are not symmetries of the
fundamental state (vacuum)

1928 (Heisenberg) For T<T.dipoles

are aligned in some arbitrary direction s
1950 (Ginzburg Landau) : phase i
transition in superconductivity 5

1957 (Bardeen, Cooper, Schrieffer)
SSB of EM gauge invariance

21




Particle physics - strong interaction (global symmetry)

1959 (Nambu Jona-Lasinio) : SSB transmitted from condensed
matter to particle physics
SSB of (global) chiral symmetry — pseudoscalar boson w°
massless boson if exact symmetry

1960 (Goldstone) : generalization : SSB of continuous global
symmetry — massless (Nambu-Goldstone) bosons J

L=00"6"0,0— V(6'0)

Q

and massive boson mass (-2 12)
o = f,(600) \

HC 18-11-201



Particle physics - strong interaction (local symmetry)
1964 (Brout,Englert, Higgs, Guralnik, Hagen,Kibble)

SSB of gauge symmetries

The BEH mechanism : no massless particles
massive gauge bosons

mass of gauge boson acquired by ‘eating’ the N-G boson

one massive particle V(-2 z2) : BEH boson ( or Higgs boson)

23




BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

F. Englert and R. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium

(Received 26 June 1964)

The interaction between the ¢ and the A L
fields is and causes the A“ field to acquire a mass

2_,2 2
H,  =ieA @%8 p-e?p*¢A A , 1 = %),
int “7A 078 o-eloreh A

where ¢ =(g¢, +i@,)/V2. We shall break the
symmetry by fixing (¢) #0 in the vacuum, with
the phase chosen for convenience such that

(@) =(p* =({p/V2.

'1 v‘::
. - )
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v
o

Joe Incandela Francois Englert
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Field Theories with «Superconductor» Solutions.

J. GOLDRTONE

Plasmons, Gauge Invariance, and Mass OERN - (eneva
P. W. ANDER=ON

Eell Telephone Laboralories, Murray Hill, New Sersey (ricevuto 1'8 Settemhbre 1960)
(Received & November 1962)

BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

F. Englert and R. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium

(Received 26 June 1964)

BROKEN SYMMETRIES, MASSLESS PARTICLES AND GAUGE FIELDS

P.W. HIGGS

Tudd Institate of Mathemaltioal I3 psivs, Unbverstty of Edoaburpeh, e ollamd

Received 27 July 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)
GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES®

G. 8. Guralnik,T C. R. Hagen,! and T. W. B. Kibble
Department of Physics, Imperial College, London, England
[Received 12 October 1964)

Spontaneous Symmetry Breakdown without Massless Bosons*

Perer W. Hiccst
Department of Physics, University of North Carolina, Chapel Hill, North Carolina
(Received 27 December 1965)

Symmetry Breaking in Non-Abelian Gauge Theories*

T. W. B. KigeLE
Department of Physics, Imperial College, London, England
(Received 24 October 1966)

A MODEL OF LEPTONS*

Steven Weinberg¥
Laboratory for Nuclear Science and Physics Department,
Massachusetts Institute of Technology, Cambridge, Massachusetts
(Received 17 October 1967)




Particle physics - weak interaction (local symmetry)

1967 ( Weinberg Salam) Electroweak theory of leptons
SU@2). xU(1)y = U(D)em
* Three massive bosons : W and Z
* One massless vector boson : photon y
* One massive scalar boson : BEH boson H
* massive leptons by Yukawa couplings to BEH boson

1970 ( Glashow, lliopoulos, Maiani) introduction of quarks
In theory

Faddeev,Popov,’t Hooft,Veltman,Lee,Zinn-Justin,Becchi,
Rouet,Stora, Tyutin : renormalizable theory

26




masses of elementary

particles
1018GeV 103K
1015GeV 102K
1TeV 106K
1GeV 108K
1MeV 101K
1keV 10'K
leV 10%K
1meV 10 K

bosons fermions

1 TeV
Gl
’ b
1 GeV Sc o7
@es o |
d
1 MeV Bu o ¢
1 keV
1eV
o Yt
Y
1 meV o v,
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Mass of the 4 scalar bosons

positive
Wand Zmass=0
fermion masses =0

N

10%9s —

Mass of one scalar (BEH)
boson positive

W and Z mass positive

fermion have their masses

—

0.4

0.2

0.0

HC 18-11-2012
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LEP legacy
mH > 114.4 GeV 95% CL

Mainly ete- -» ZH

tests of radiative corrections
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Theorists and SUSY (SUperSYmmetry) prefer(ed) low mass boson

m, <m, at lowest order . But was realized that
this prediction Is subject to important radiative corrections

that could push m,, up to ~130 GeV In simple supersymmetric
models

Y. Okada, M. Yamaguchi and T. Yanagida,

Upper bound of the lightest Higgs boson mass in the minimal supersymmetric standard
model, Prog. Theor. Phys. 85 (1991) 1.

J. R. Ellis, G. Ridolfi and F. Zwirner, Radiative corrections to the masses of supersym-
metric Higgs bosons, Phys. Lett. B 257 (1991) 83; H. E. Haber and R. Hempfling, Can

the mass of the lightest Higgs boson of the minimal supersymmetric model be larger than

m(Z)?¢
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A lot of things are not known ! SM not ultimate theory

~ 65 % of dark energy (vacuum energy)
= expansion of Universe
accelerating

~ 30 % of dark matter ( not yet
observed ) = rotation
of galaxies

~ 5 9% of “known” matter

Hierarchy problem
mH << mPlanck

Connection
with gravity

31




Supersymmetry (SUSY) is a popular candidate in order to ‘explain’ this

* Multiplies by ~2 the number of particles

* Allows the stabilisation of the Higgs mass

* Local SUSY incorporates gravity

* Glives a natural candidate to
dark matter : the LSP

60— , , ,
EU(1) S
e .
.. cee . ~
In addition better unification sl >
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Phenomenology of scalar boson ( theory)

Is There a Light Scalar Boson? . & 7 P g
e
L. Resnick, M. K. Sundaresan, and P. J. 8. Watson _* _ _* _ _®_
Department of Physics, Carleton University, Ortawa, Canada e e D
(Received 28 July 1972; revised manuscript received 2 January 1973) ' Y Y

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULQOS **
CERN, Geneva

Received 7 November 1975

l Hadrons Y
- — > etc
H H v
Y
I| [Hadruns
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Phenomenology of scalar boson ( theory)

Higgs Bosons from Two-Gluon Annihilation in Proton-Proton Collisions

H. M. Georgi, S. L. Glashow, M. E. Machacek, and D, V. Nanopoulos
Lyman Labovatory of Physics, Havvard University, Cambridge, Massachusetts 02138
(Received 27 December 1877)

We estimate the cross section for Higgs-boson production in proton-proton collisions,
We find that most of the cross section comes from a two-gluon annihilation process, in

which the gluons couple to Higzs bosons via heavy-quark loops,

“Low-energy theorems for Higgs
me
R ione gg son interaction with
A. |. Vainshtein, M. B. Voloshin, V. I. Zakharov, and M. A. Shifman
Institute of Theoretical and Experimental Physics of the State Commitiee on Atomic Energy

(Submitted 21 May 1979)
Yad. Fiz. 30, 1368-1378 (November 1979)

HC 18-11-2012
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First experimental note on scalar boson search at LEP

DESY 749/27
May 1975
THE PRODUCTION AND DETECTION OF HIGGS PARTICLES AT LEP

ECFA/LEP Specialized Study Group 9 VEzotie Par tielas”

. Barbiellini - - THFE, Frascatt and CERK

G
G. Bonneaud - Strasbourg and CERN
" G. Coignet - LAPP, Annecy-le—vieux
J. Ellis - RN
M. K. Gaillard - LAPP, Arnvecy-le-vieus
J. F. Grivaz - LAL, Orsay
L. Matteuzzi - CERN
B. H. Wiilk - JESY



H — vy (historical mode)

Photon decay modes of the intermediate mass Higgs
ECFA Higps working group

C.Seez and T, Virdee

L. Dilella, R. Kleiss, Z. Kunsz and W. 1 Surling

CERN 90-10
Presented at the LHC Workshop, Aachen, 4 - 9 October 19%) ECFA 90-133
by C. Seez, Imperial College, London Volume 1

3 December 1990
A Tepoet @8 given af stades of,

(@) H -> yy {(work done by C. Scez and T, Virdoe)

(B) W H > yr (wark dooe by L. Dilells, R Kiciss, Z. Kussrt and W. J Staking)
for Higgs bosans in the mtermediale mass range (S0< tmyp< 150 Gevicd)

The study of the twd ploton decary mode is descerted in detall,

=] F
ﬁ (a) L) L (c) 1 L (a) N
300 R 300 300 300 -
200 |- 200 |- 200 2 ‘ 200 8
100 L J\ 100 |- 100 & \\M 100 _
5 L/ Bl L 1 ﬂ”\.— g s VJM
%7.5 100 102.5 %7.5 100 102.5 %7.5 100 102.5 37.5 100 102.5
Moss (Cev/c") Mass (GeY/c") Mass (Cev/ch) Moss (Cev/c")

Figure 4: Recomstructed mass Pplots for Higgs boson, my=100GeVic2
(a)smeared by: calorimeter energy resolution of AEIE=2%/VEG05%
(b)smeared by: calorimeter energy resolution of AE/IE=7%IVE®I .0%
(c) smeared by: pileup energy from, on average, 10 interactions
(d)smeared by: loss of knowledge of the vertex position ( Cu=355 cm)

was studied at the LHC
for more than 20 years
( and even before at the SSC)

C.Seez J.Virdee 'G.Unal



——
i 1 1 1 1 i (] 1 | I R .
ar 100 120 14a 18D

M., fﬂn"fr:l

FIG. 6. Simulated mass disteibution for 100 GeV Higgs
in detector with extraordinary resolution,
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FIG, 7. Sirulated mass distribution for 160 GeV Higgs
in detector with extraordinary resalution.

DETECTION OF H® — 44 AT THE SSC

C. Barter and R. Partridge
Brown University, Providence, Rhode Island 02912

A. Bay and A. Spadafora
Lawrence Berkeley Laboratory, Berkeley, California 94720

S. Whitaker
Boston University, Boston, Massachusetts 02215

A. Abashian
University of Virginia, Chalottesville, Virginia 22901

R. Kass
Ohio State University, Columbus, Ohio 43210
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Editor
Sharon Jensen

SSC-SDC-90-00113

PRODUCTION OF WH — Wyy —e/uyy
Michelangelo L. MANGANO

Istituto Nazionaledi FisicaNucleare
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H — 4l ( gold plated mode)

SEARCH FOR H — Z*Z* — 4 LEPTONS AT LHC

Higgs Study Group

M. Della Negra, D. Froidevaux, K. Jakobs, R. Kinnunen,
R. Kleiss, A. Nisati and T. Sjostrand

In Section 2, we discuss the simulation of the Higgs

backgrounds from tt, Zbb and Z*Z*, 7+,

ABs. VAR

Proceedings of the Summer Study on

High Energy Physics in the 1
< nugma &
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signal, and we study the

; in Section 3. Fi i i
and discuss the results, and we conclede in Section 5. mally, in Section. 4, we proseat
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Signal significance
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as often , experiments do better than expected
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Significance

CMS, 30 fb~

—e— H—yy cuts
—s— H—yy opt
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‘ MSSM ‘ 5 Higgs bosons couplings to down

(3 neutrals A\H,h and 2 charged Ht) | part of doublets

(b,t,p )enhanced
at high tan(p)

D.Rainwater hep-ph/0702124
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Fig. 8. Schematic representation of the present LEF T limits and of the future LEF 11 sensitivity in the

(my, tan ) plane, for my=1 TeV and (a) m, =120 GeV, (b} m; =160 GeV. The solid lines

correspond to the present LEP 1 limits. The dashed lines correspond to ole e~ — hZ, HZ, hA, HA) =

.2 pb at '.-Js_= 175 GeV, which could be seen as a rather conservative estimate of the LEP 11 sensitivity.

The dash-dotted lines correspond to olee™ — hZ, HZ, hA, HAY=0.05 pb at 1,-{-.'_= 190 GeV, which
could be seen as a rather optimistic estimate of the LEP 11 sensitivity,



v Some phenomenological comments

Lyon 28-29 oct 13

see also seminar
by Massimiliano
Grazzini
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We have to produce the Brout-Englert-Higgs boson

The production rate is small !
1 BEH boson produced for 107 collisions !

But LHC is still the only place where one can
discover it ( there are however
Indications at Tevatron )

LHC has produced 10° bosons !

The production rate of the boson is predicted with
a very good precision ( ~10% ) by the
Standard Model ( strong interactions with

quarks and gluons + couplings to BEH boson ) .....

If 1t 1S correct
Englert 17-9-13 46



We can measure the boson only through its decay products !

We can reconstruct its

mass My, by measuring the
Z sum of the energies ( in the
center of mass )

of its decay products

Y H H E
then E =my C?

Z*

The Brout-Englert-Higgs boson
decays very early !

in ~102%s
(corresponding to ~100 fm ~ 10 3 A ) i




We can reconstruct its Considering the mass distribution

mass My, by measuring the of events
sum of the energies ( in the ‘candidates BEH’
center of mass )

of its decay products We have background

= events
then E =m C?

A signal with a good resolution
will be better seen /

than a signal with a bad resolution
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~-J Typical uncertainties on cross-section
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Vs = 14 TeV
MRST/NLO
my = 178 GeV

+15-20 % NNnLO
5% NLO

WH,ZH 5% NNLO

15% NLO

These production cross sections have to be used

with the decays bb, tt, WW , ZZ | vy

channels with good mass resolution

* *
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Importance of theory !
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B Ly =1.0-23 fb '/experiment | | Expected + 1o T
c 10 Wi ' l\ \ \t)\ \ \\ ? , ; ------- Expected + 20 %
9 | “‘E\&\\‘s R | 2] LEP excluded g
E :\\\‘\\‘\!1 : : [T_j:] Tevatron excluded | &
= \\\‘..‘x\“.‘ .ol LHC excluded |
o ,
P .
8 1= NNLO++
== NLO
b LO
L:‘
HH .wL
1 0'1 ’1;&]1 S B E—. ---LLLLL\LS i L._:_..u N O RN W N l..L.L-L.L..uL.L..‘.J.J W TN -
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

HC 18-11-2012

50



Lyon 28-29 oct 13

Digression on

limit plots

o1



Exclusionon p=o6/05, SM =SM boson

Everything above the black line is excluded
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The dashed line show the limit we would expect if the data would be without
any boson . The greenand bands show where , without any boson,
the limits *, would be allowed to move at the 1  or level ( depending

of the ¥, statistical fluctations of the background)
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by the backgrounds
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\'s= 14 TeV

LHC HIGGS XS WG 2010
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\'s=7 TeV

LHC HIGGS XS WG 2010
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Detailed study of cross-sections ....
arxiv:1101.0593

VBF is important for high my

300 400 500
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parton luminosity functions

® a quick and easy way to assess the mass and collider energy
dependence of production cross sections, and to compare
different PDF sets

HH Buipns

- GabX = 011(5(§—M)2()
\ ox = | dwadey falwa, ME) folap, M3) Cx 6(zazy—7)
X 19C
%o = ox |- 5] (r = M%/s)
s Ot
g 0Ly _ 1 2 >
—.< 5 = o dzadzy fo(Ta, M%) fio(xy, M%) 0(xTazy — T)

® |.e. all the mass and energy dependence Is contained in the
X-Independent parton luminosity functionin [ ]

* useful combinationsare ab = gg, >, 49, ---

® and also useful for assessing the uncertainty on cross
sections due to uncertainties in the PDFs
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r,q(8/7) = 1.28 for My = 125 GeV, cf. r,(8/7) = 1.17
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l‘.:”.] [T T T | T T T T T T T
- g9 H o(pp — H + X) |pb]
' V5 = 14 TeV
MRST/NLO
my = 178 GeV
1 -
Fqqg — Hyq
:tff; » WH .
i i y £ H ., .*'.'
| pp — HHH *"..

comparison between LHC and Tevatron :

gg cross section at least 10 x higher at LHC
backgrounds to WW , ZZ , yy are q gbar annihilation
( Remember Tevatron was a p pbar collider)

— S/B better in these channels at LHC than at Tevatron

however It I1s worse In associated modes

A.Djouadi Phys.Rept.457:1-216
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comparison between LHC and Tevatron :

gg cross section at least 10 x higher at LHC
backgrounds to WW , ZZ , yy are d gbar annihilation
( Remember Tevatron was a p pbar collider)
— S/B better in these channels at LHC than at Tevatron
however it is worse in associated modes A\
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number of events In one experiment produced/detected

for 5 fol (7 TeV)
and S/B

700/ 50
S/IB ~.3

200/ 70
S/B ~ .02

SIB~1.5

o x BR (pb)

10

% \'s = 7TeV %
1 = | WW — Fvqqg E
Gurord _
107F /K -
TN ZZ 5 1T ]
10%E/ / ‘ 77 - v
al, / N ZZ T :
10_ E i | = e, u _é
WH I—:» vbb @ VEVaV,Ys -
ZH -5 I'Tbb q=udsch
-4 : I | | |

10700 | 200 300 400 500

125 Higgs boson mass (GeV)
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higher order computations ( NNLO)

R. Harlander, W.B. Kilgore, Newl-to-next-lo-leading order Higgs production
at hadron colliders, Phys.Rev.Lett.883:201801, 2002, hep-ph /0201206.

C. Anastasiou, K. Melnikov, Higgs boson production al hadron colliders in
NNLO QCD, Nucl.Phys.B646:220-256, 2002, hep-ph/0207004.

V. Ravindran, .J. Smith, W.L. van Neerven, NNLO corrections Lo the lo-
tal cross-section for Higgs boson production in hadron hadron collisions,
Nucl. Phys.B665:325-366, 2003, hep-ph /0302135,

Lyon 28-29 oct 13

61



g e “: Effective theory (HQET) mtop — infinity }E}% _____
N H
=" (6666

in the effective lagrangian approach, one loop less to be computed

delicate is the effective lagrangian approach:
in presence of light particles in the loop, in the high-energy limit

Lyon 28-29 oct 13 62



Ty - 6
% o W,E«n‘f“ﬁ NN LO_QCD Anastasiou Melnikov 2002
Harlander Kilgore 2002
Wm

HQET Ravindran Smith van Neerven 2003

B
BUToooo0n

o @——

%,ﬁ NNLO-QCD + soft gluon resummation NNLL-QCD

HQET
Catani De Florian Grazzini Nason 2003

Moch Vogt 2005 Idilbi Ji Yuan 2006
Ravindran Smith van Neerven 2007

S. Catani, D. de Florian, M. Grazzini, . Nason, Soft gluon resummalion
for Higgs boson production at hadron colliders, JHEP.0307:028, 2003, hep-
ph/0306211.

Lyon 28-29 oct 13 63



do/dqy (pb/GeV)
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Fixed order (LO,NLO) computations diverge at q+(H)—0

= resummation

Lyon 28-29 oct 13
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de Florian et al. JHEP 1111 (2011) 064



approximate NNNLO cross section computation

30 [ I I I ]
' m, =125GeV @ LHC 8 TeV

10 oo LO oo ]
i [ NLO - - —- |
; _ ............................... NNLO ——
i approx NNNLO —-—-- 1
I N-soft NNNLO ----- I
0 | | | | |
0.2 0.3 0.5 1 2 3

MR /My
small(er) dependence w.r.t pg

‘ful’ NNNLO computation soon ( useful for H

Cross section measurement) by Anastasiou et al.
Lyon 28-29 oct 13

Nuclear Physics B 874 (2013) 746772

Marzani?

Stefano Forte ©*, Simone

o Bonvini ®,

Richard D. Ball®, Marc

1 Ridolfi©
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OAp = fd-l‘adl'h faya(xa) for8(Xp) Oupx

oAB = [d-xadl"h faraXay 15) forp(xp, p3) X [ 60 + as(ugp) 61 + -« lap—x

first term in expansion above in ag?(ug?)
2 gtt vertices

Formally. the cross section calculated to all orders in perturbation theory is invariant
under changes in these parameters, the p7 and p% dependence of the coefficients, e.g.
o1. exactly compensating the explicit scale dependence of the parton distributions and the
coupling constant. This compensation becomes more exact as more terms are included in the
perturbation series

SUINS [ A PUe uoysnyg A\ [ [pqdwe) | [

€61-68 (LO0T) 0L "sAyd "Soid “doy

Lyon 28-29 oct 13 66



couplings

Lyon 28-29 oct 13
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A way to have access to H couplings to bosons @ and fermionsi

We are looking u =6/ o5, SM = SM boson
and we can study

UggH = oggH / GggHgy,
WVBFH = OVBFH [ GVBFHg),
UWH = OWH / GWH),

Infact u=(oc.B)/(o.B)yy

Corfu 8-9-13 68
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A.Djouadi Phys.Rept.457:1-216

norE S
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0.0001
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1 |
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Width smaller than ‘leptonic/y resolution’

zone favored by (pre-LHC) data

For m, ~ 125 GeV the
width is about 4 MeV
corresponding to ~ 10?2 s
and ~100 fm
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Scalar boson decays : example of H— py

1(2) (%)

Interference
between
W loop top loop

2

_ G, o* M; i
[(H —7) = Tt Z’\Qﬂuz ) + At (7w)

oC -.28 +1.28

Corfu 8-9-13 71
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Invisible decay

Up to now we supposed that there is some
modification ( by pn ) of the SM cross sections

But we can have DM particles ....

If the DM particles are light enough, Mpy < %m;,, they will ap-
pear as invisible decay products of the Higgs boson

""Higgs portal dark matter model™'

In these models Higgs interacts with dark matter via the
Lagrangian term of the form ¢ DM DM |H|"2

The coupling ¢ has to be large to enable thermal annihilation
of dark matter in the early universe.

Thus, iIf 2m_DM < m_H, the invisible branching fraction
should be large

Lyon 28-29 oct 13 72
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You can also have invisible decays in the
MSSM (h -> 2 neutralinos)

If the lightest neutralino is below 60 GeV
and has a sizable Higgsino component

Lyon 28-29 oct 13

T2-T (8002) 6S1 "1day'sAyd Ipenolqv
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Low mass VBF

L 2

Higgs

Forward
W.2 Decay

H tagging

2 high p+ tag jets at
large rapidity

VBF was used for high mass searches since the start of
LHC studies but was
used (on Monte-Carlos) at low mass at the end of the 90’s
D.Rainwater and D.Zeppenfeld JHEP 9712 (1997) 005
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Interlude : definition of (pseudo) rapidity

1 E+p, -
y = §F-n [E — pz] rapidity
in the limit of massless objects
n = —In(tan(6/2)) pseudorapidity

AR = +/(An)2 + (Ap)?

Ay is Lorentz invariant (along the 2 axis)

and AR too

Lyon 28-29 oct 13
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Y (pointing upwards)
A

precise detection

|7]| ~ 25 pOInt (X1y1z)

v
— _In(tan 2
! ’ ( - 2) X (pointing towards

An is a Lorentz invariant centre of LHC)
(w.r.t z axis)

( for mass = 0)

B of solenoid along%



Tau reconstruction

reconstruction of Higgs mass
with collinear approximation

and angle between the two 7

oo 1wl
L —— WM Reconstruction . 800 = — WM Reconstruction
800 T b Collinear Approximation ] E menmns Collinear Approximation
7] - . w00
-‘E L Realistic resolution ‘E c FE_EEIistil:: resolution
S o0l \s=1.96 TeV ] S5 600 & \5=1.96 TeV
= i gg—H—t 1wy i > 500 B gg—H-yr vy
© - M, =115 GeVic? i @© = M =115 GeVic
= B Mo Frout i = 400 Mo Frcut
£ 400 - . -4 £ 2 Fi
<L B i < 300 ;—
200 _ 200 £
B ] 100 £
0 b hz-hw 0 i Tl g 9
0 200 250 300 350 0 50 100 150 200 250 300 350
M(tt) GeV/c? M(tT) GeV/c?

Improvement comes from requiring that the relative orientations
of the neutrinos and other decay products are consistent with the
mass and kinematics of a = lepton decay
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Boosted massive particles (Fat jets) LT

-

1 _
boosted X __ - single
- ¢ fat jet

—= (7.

CMS,L=5f"at\ys=7TeV T~
T T T | T T T | T T T | T T T | T T T | T T T T T T T T T T T T T T
Happens for p; = 2m/R

8 160 mDATA= 83,0+ 0.7 GeV/c?
0 140 MC 2
mii¢ = 82.5+0.3 GeVic

e Data
= tt
[ W+Jets

Events / \/
S
III|III|III|III|III|III|III|III|

[ INon-W MJ - - .
o —Dataiit highest mass jet in
20 mmMent S Semileptonic top sample

0 20 40 60 80 100 120 140 160 180 200 arxiv:1204.2488

m(W-jet) (GeV/c?)

Futur : boosted Higgs in bb J.Butterworth G.Salam

Butterworh,Davison,Rubin,Salam
Phys.Rev.Lett. 100 (2008) 242001
Jet substructure as a new Higgs search channel at the LHC




Boosted massive particles (Fat jets)

Normal analyses: two quarks from
X — qq reconstructed as two jets

angle between the 2 jets ~ 2m/p-

High-p; regime: EW object X
is boosted, decay is collimated,
qq both in same jet

LY
-~
- A
-
-~

1 Vs
boosted X __ - single
= ' fat jet
N /;r____é)h ~ f;

Happens for p; 2 2m/R
pr = 320 GeV for m = mw, R =0.5

As LHC explores far above EW scale, such configurations
become of interest

Could be used for H— bb search at high luminosity/energy

(ttincreases)

Lyon 28-29 oct 13
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Interferometry g AAAAAA

AVAVAVAVAVAVAY

g Y
Expected (destructive) interference between gg—yy
and gg ->H-yy
=> reduction of the production rate
the effect is ‘confined’ within I', ( ~ few MeV )

100252 (£002) 06 M81'A9Y SAYd NIS uoxig

Lyon 28-29 oct 13 80



PHYSICAL REVIEW D 86, 073016 (2012)

Shift in the LHC Higgs diphoton mass peak from interference with background

Stephen P. Martin

The Higgs diphoton amplitude from gluon fusion at the LHC interferes with the continuum background
induced by quark loops. T investigate the effect of this interference on the position of the diphoton
invariant mass peak used to help determine the Higges mass. At leading order, the interference shifts the
peak towards lower mass by an amount of order 150 MeV or more, with the precise value dependent on the

methods used to analyze and fit the data.

d*o G(5)

L = (Ny + Niwre + Nintm)s osb 7777777 b -
~ o : o~ H int,Re int,Im /s 08 ] /
d\$)dz  1287/5D(3) | ] /|
3 04f / ] E sor / | 1
O ool / o
where g o2f 18 |
M — 0 | J—
_ : g oz R
Ny = |AF:F:HATTH|7 5 0af [ 7 © -sof |;-/ .
06;— II _; ‘I."I
| ] —
N, = —(5§ — My)2Re|A A A, ! 910 115 120 125 130 135 140 12495 1%
int,Re { H) [ ggHA yyH gg'y'y] v [Gev M, [GeV)

Ninl,]m = _MHI1H2hn[ﬂggHA'}“}fHA;g'y'y]f 81
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Dixon Li Phys.Rev.Lett. 111 (2013) 111802

We study the change in the di-photon invariant mass distribution for Higgs boson decays to two
photons, due to interference between the Higgs resonance in gluon fusion and the continuum back-
ground amplitude for gg — 7. Previously, the apparent Higgs mass was found to shift by around
100 MeV in the Standard Model in the leading order approximation, which may potentially be
experimentally observable. We compute the next-to-leading order QCD corrections to the apparent
mass shift, which reduce it by about 40%. The apparent mass shift may provide a way to measure,
or at least bound, the Higgs boson width at the Larege Hadron Collider through “interferometrv”.
We investigate how the shift depends on the Higgs width, in a model that maintains constant Higgs
boson signal yields. At Higgs widths above 30 MeV the mass shift is over 200 MeV and increases
almost linearly with the width. The apparent mass shift could be measured by comparing with the
ZZ- channel_where the shift_should be much smaller. It might be possible to measure the shift
more accurately by exploiting its strong dependence on the Higgs transverse momentum.

Lyon 28-29 oct 13 83



ﬂMH I|" MeV

The signal factor S is proportional to cgc,?r, while the real
and imaginary parts of the interference terms, K and I,
are proportional to CgCry.

The Higgs couplings to gluons, photons,

4 and other observed final states should then change ac-
cordingly, in order to maintain roughly SM signal yields,
as is in reasonable agreement with current LHC measure-
ments. In particular, for the product ¢,¢y = ¢4, entering
the dominant gluon fusion contribution to the v~ vield,
we solve the following equation,

2
Ca??'E; _ é;
FT T —T Tt T T T T T T T T T T __T9 mHFH + CQTI B (ﬂlHF_SH'IIVI + I) P‘TT

300 ;

200 f

F The mass shift is directly proportional to ¢y,

100 -

of _ SM
ool [ Destructive Intert. (M) Cogv = \/FH ‘/ FH
) _ . Constructive Interf. . .
-200f : The mass uncertainty
-300} : of the experiments
00 f will be < .3 GeV

P R T T S R T S S S S
10 15 20



10}
08¢
Breit-
06t Wigner
| line shape
0.4}
02}
0 A L 1 L 1
A 20 T § 4T 427 437
Ey =m,¢°
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SM cross section SM integral

do 59 S

dM.,, (M2, —m3;)% +m3, Ty

wS/(2m%, T )

do™t B (Ui —m% ) R+mylyl
dM.,., (M2, —m)? +myiTy

7l /(2my)

We assume the event rate iIs ~ the SM event rate
and iIf we neglect | we have

E f f
cg,}_.ﬁ B S
o SM
FH FH
_ TS M
= \/FHrfFH
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. Higgs Signal @ LO (zg)

4 T T T
[ [ Higes Signal @ NLO (gg)
_ 3 ]
'.} L
o
£
=~ 2 .
& i i i .
5 | The mass shift is directly proportional to ¢4,
|
41 ]
o -| I I . . 1 . 1 . 1]
120 122 124 126 128 130
M,, [GeV]
300 3
{]10 [T T T T T T T T T T T T T . htEmEﬁLO [_gg} 2{}05— é
I " Interference @ LD gz} ]
0.05 [ . Interference & NLO (gg) N 1{}0;— ;
= 2 of ]
w . . e —— : : :
%_i 0.00 -_ — B e e § —l{}[):— . Destructive Interf. (SM) E
= [ S T < .Cunstructive[utﬂf. g
= -200 3
= 005} i ]
i : ~300f :
—0.10} 400} £
0 5 10 15 20
0o 12 14 16 18 130 Tl T
M, [GeV]
FIG. 2. Diphoton invariant mass M. distribution for pure 87

signal (top panel) and interference term (bottom panel) after
(Gaussian smearing.



F.Caola and K.Melnikov Phys.Rev. D88 (2013) 054024
Constraining the Higgs boson width with ZZ production at the LHC

>

FIG. 1: Sample signal (left) and background gg — ZZ (right)
diagrams for the process pp — ZZ — 4l. The two amplitudes
can interfere.

Interference important off-peak

2 2 2 2
dJPF—?H—?EE 91ng99u0z22 9; 95

~ TisHf ™~ ——
A3 (M2 —m2,)% + m3 T2, =1 Ty
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TABLE I: Fiducial cross-sections for pp —+ H — ZZ — 2e2u
in fb, and the corresponding number of events expected for
integrated luminosity L» = 5.1 fb™! at 7 TeV and Lg =
19.6 fb~ ! at 8 TeV. All cross-sections are computed with lead-
ing order MSTW 2008 parton distribution functions [23]. The
renormalization and factorization scales are set to p = mpy /2.
The peak cross-section is defined with the cut My < 130 GeV,
while off-peak and the interference cross-sections are defined
with the cut My > 130 GeV. The total number of events in
the last row includes contributions from 4e and 4p channels.
The number of events are obtained using procedures outlined
in the text.

d 2 2 2 2

Opp—H—ZZ IHgg9HZZ - 9:95
T2 ) 3 \2 7 12 i—H—f ™

Energy J[p:[eak okl ot
7 TeV 0.203 0.044 -0.108
8 TeV 0.255 0.061 -0.166 o _ o
Nacy, 9.8 1.73 _ Nip =3.72 x SV
NEM 211 3.72 @

~ important additional
source

of ZZ events In
current data
constraint boson width
to <~ 40 SM width
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v Rapid overview of the detectors -
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experiments at the LHC

ATLAS and CMS look for
| the elementary scalar boson + ..
Large*Hadron Collider B > 3000 physicists in each of these
» B two experiments

¥4 ALicE

guark-gluon plasma)




LHC: highest energy pp, AA, and pA collider

Low B (pp)
High Luminosity

design parameters

c.m. energy = 14 TeV (p)
luminosity =103 cm—?s-!

1.15x10 p/bunch
2808 bunches/beam

Octant 3 7/

360 MJ/beam
v€=3.75 um
B*=0.55m
0.=285 urad
c,=/.55cm

(LHC-B)

¢*=16.6um




Integrated pp luminosity 2010-12

CMS Integrated Luminosity, pp 3 2010 004 fb_l

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

_ 25 25 7 TeV CoM

. S 2010 7TeV 442pb L . ) .

£ —— 2011, 7 TeV, 6.1 b’ Commissioning
[ e 2012, 8 TeV, 23.3 b ! .

£ © = 2011: 6.1 fb?

€ 15| 15 7 TeV CoM

- .

- Explorlng the

%10— 110 limits

E’ m 2012; 23.3 fbt!

i | I? 8 TeV CoM

P . Production

O n . 1 1 L
¢ 3 o R Q & N 3
A PT AW AW AN 0T (68T 08 N 0
Date (UTC)

M. Lamont, IPAC’13



very good efficiency of the experiments

1 e st s s B D B B N S N N
- ATLAS
25— Preliminary 2012,\s =8 TeV
B .LHC Delivered Delivered: 22.8 fb”'
20 __ Recorded: 21.3 fb™
D ATLAS Recorded Physics: 20.3 fb”

. Good for Physics

-
&)

2011, \s =7 TeV

-
o

Delivered: 5.46 fb™
Recorded: 5.08 fb™
Physics: 4.57 ib™

Total Integrated Luminosity [fb™]

yat ppt 3 ot yat ppft W oct
Month in Year
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peak performance through the years

_

bunch spacing [ns]
no. of bunches 368 1380 1380

beta* [m]
ATLAS and CMS 3.5 1.0 0.6

max. bunch

intensity 1.2x 1011 1.45x10%1 1.7x104
[protons/bunch]

normalized
emittance [mm- ~2.0 ~2.4 ~2.5
mrad]

peck Uminosity— 51x10% 3.7 x 10°

>2x design when scaled to 7 TeV! M. Lamont, IPAC*13




%

d vertices

=\

g
A

S Z MU ev ith 25 reconstruct

ent
== N XD o X F" NeTX NS = - - -
S S .~ i e o oA o
= NGRS o Pl o
[N \ | ¢! N -"» - T . =
== e e e e

r' 12 daa

AN

--—‘%74//\
—_X%)
A

\\ iﬁ‘ ; SVAY
SN

CMS Average Pileup, pp, 2012, Vs = 8 TeV

<p> =21 will increase
at higher energy
9
experiments
request
25 ns
operation
in 2015

Recorded Luminosity (pb '/0.04)
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M. Lamont, IPAC’13

Mean number of interactions per crossing
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Fundamental scalar (Higgs) boson searches have guided the
conception, design and technological choices of ATLAS and CMS

almost instantaneous decay

% e o e v notdetected
Z 24
W 2
X .
N
* W* N~
yN T S u & @

In these 2 cases the boson mass is
computed reconstructing the invariant
mass of the decay products

= the mass resolution ( and E and p) is very important in order to have
a good significance S/\ B, often oc 1/7(resolution) since the natural

width of the boson is (almost always) negligible




CMS = (Compact Muon Solenoid)

e y precision calorimetry
Ho>yy ,4¢e

ead tungstate
----| scintillating crystals

Key:

.\\ A

4T

Silicon tracker
+ vertex ( b quark,

.

T lepton)

- 77 i
B=4T Silicon ///// Wa > '.
Tracker \\gg? :’

. Electromagnetic
) ]l Calorimeter

Trigger without dead time

write > 200 evts /s

Suppose to work 10 years without

decrease of performances

i

Hadron

aoimed Hadronic
Transverse sl Calorimetry
Sampling calorimeter with absorber
(brass) and plastic scintillators
Jets and E miss

through CWMS

« 4 1t » detector
up to n=5
(from 6 = 1.35°)

Muon spectrometer
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CMS EM calorimeter
more than 75000
cristals of PbWO,

o(E)/E = 3%/ VEGeV @0.7% 15112012



High level quality control !




e andy

fixed size ( different between e,yconverted and y unconverted)
In ATLAS clusters

variable size ( mainly in ¢ )in CMS ( superclusters )
because B ~4 T (and the charged particles turn in the field)
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CMS Praliminary 2011-2012

H

tracker

0.9 At - :
® 08 - \\K L Mt L —
< 0.7 b \'W o N
= 4
7 0.6 ki : 4
S o5f My : -
L l.a<nl<1. b YO :
-_.'-’i: 0.4 - 1.8<n| <21 mx\"\—.ﬁf"
s 03 21<m<24 i St
= 02 F24<m <27 E

0.1 + 27 <n -
= s
E~ T e . | . 4
Emm = H
£% 5 . :. . | "
gﬁ"‘ 3 | . Ifm , "
3 [ M --

. M
By B
NS

date (month/year)

history of relative response

Corfu 8-9-13

acceptance

CMS-DP-2013/007
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Relative E/p scale

vvvvvv

=
.
.

-

T T T T T T T

xxxxxxxxxxxxxxxxx

D | =
T CMmS Pnllmlnary 2012 ECAL . Mean 1
S 10sf ¥5=8TeV L=196M " CAL onda 20 3 [ipMe__o00ms
Q 1 RMS 0037
w 1Fad  adipesnn Ly § S Naain | 9 PUdwsas 4 :
o :
2 3
£ 095 :
9 =
@ 09 § ]
0.85 A w» | 3
0.8 - - M'fw! N 60 é
I ; Wiy
E/p hIStory 0.75 |-~ —«- without laser monitoring correction =
07 s A.- AM?‘“;O'WM.,‘“!W L J— 1 A A A LE
20104 2005 10/06 19107 18108 17/09 170 161 O 50 100 150
N~
date (day/month) 8
o
S
g
[a)]
&
102F- CMSPreliminary2012 |~ |~ _ | ! o 5
Ys=8TeV L=196 " FeAL D =
1.01 | .
1 TApp e ved ey § W W auer ¢
0.99 =
098F .
097k, ¥ 3
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095 "l\* | g
. T 4 N | 3
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093 - Whimwraodakijoosiehin 1, | | 3
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Events/0.2 GeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13001 T Wiki

9000;_ CMS Preliminary
8000 f—\F s=8 TeV, L=19.6 fb”

7000
6000
5000
4000
3000
2000

1000

Both electrons
<1, R9>0.94

% 82 84 86 88 9 92 94 96 98 100
Mo (GeV)

E  CMS Preliminary 2012 1 !

9F \s=8TeV, L= 19.6 fb"

— ECAL Barrel

SN

- A Prompt reconstruction

N, SO . - WY, I ———

E— @ Winter2013 re-recnnstruction----------------é--------------------------

l 1 1 |
02/05 01/07 31/08 31/10

date (day/month)

Validation and tests with Z — ee

the energy ( and the response ) of y

~ from H— vy is different from the energy
v (and response ) of e from Z— ee
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CMS Silicon Tracker

The Silicon tracker (200m?2) has 10 M channels
Operating temperature -15°C







Forward CMS hadronic calorimeter going down



Muon Spectrometer (|n|<2.7) : air-core toroids (B ~ 0.5 / 1T in barrel/ end-cap) with gas-based
muon chambers Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

ATLAS detector Length : ~ 46 m
Radius : ~ 12 m
Muon Detectors TIN Calorimeter Liquid Argon Calorimeter We|9h1- t o~ 7000 -rons

~108 electronic channels

3-level trigger
| 3000 km of cables

reducing the rate

from 40 MHz to
~200 Hz
o — //,f
\ Boris Dolgosheln
W/ 4

Bill W||I|5 <Al sl 4%% w4k SiPixels, Si strips, Tr‘ansmon
' = | | g\@‘ Radiation detector (straws)
\ Precise tracking and vertexing,
e/n separation
Momentum resolution:
o/pt ~ 3.8x104 p1 (6eV) ® 0.015
( chamber resolution ® MS)

Toroid Magnets  Solenoid Magnet SCT Tragker P

EM calorimeter: Pb-LAr Accordion \

e/y trigger, identification and measurement : . : T
100 HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: o/E ~ 10%/VE ‘{— Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and missing E+
Daniel Fournier ’ E-resolution: 6/E ~ 50%/~E @ 0.03




ADD3S

A

o o e st e TN
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> |




ATLAS end of 2004

hadronic calorimeter
Wlth scmtlllatlng tiles

barrel Liquid Argon M s -'“
electromagnétic 12 e ‘ ,.;x' [,
calorimeter ~

i N

M

two of the i
eight coils of | FEaelices
the toroid |

MarcVirchaux
(1953-2004)

''''''

112



ATLAS Liquid Argon (accordion) calorimeter
about 200000 channels
transverse and longitudinal segmentation
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Cells in Layer 3
AdxAn = 0.0245x0.05

.

T"QQEr
A Tower

g /\( 8¢
Z«/

0.0932
&) ( l
N >
/\//:d/)\/‘\/\
WM‘ oF Square cellsin
?_. "‘ Layer 2
/ >hg - 00225

“Mmyg -
=4 4n =
Ap = 0.0&)535*1”"“& N=0.025
b
Strip cellsin Layer 1
T=—Cells in PS
Anxdg = 0.025x0.1

n

presampler and longitudinal segmentation of the EM
( Liquid Argon ) accordion calorimeter
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MAGNET (S)

HAD CALO

MUON

Air-core toroids + solenoid
4 magnets
Calorimeters in field-free region

Si pixels+ strips
TRT — particle identification
B=2T o/py ~ 5x10* p;® 0.01

Pb-liquid argon o/E ~ 10%/VE
longitudinal segmentation

Fe-scint. + Cu-liquid argon (10 A)
o/E ~ 50%~VE @ 0.03

Air = o/py~7 % at 1 TeVstandalone

Solenoid
1 magnet
Calorimeters inside field

Si pixels + strips

No particle identification
B=4T

o/pr ~ 1.5x10* p; @ 0.005

PbWO, crystals 6/E ~ 2-5%/VE

L] L]

no longitudinal segmentation

Cu-scint. (> 5.8 A +catcher)
o/E ~ 100%/VE @ 0.05

Fe = o/p;~5%at1TeV
combining with tracker

I1J



ATLAS
Inner detector

rR=1082 mm
TRT< }/
electrons can X | V.
& N
do some * (A
bremsstrahlung _R = 554 rfim | IRV

in the

Inner Detector

= response

more complicated

photons can

convert Pixels {
= more
complicated than a

Outside you have the calorimeters
and the muon detector

{ R =443 mm
R=371m (

LR=299m

€

R=514my [P
: ,

R=122.5 mm
R =88.5mm
R =50.5 mm

R=0mm‘

non converted photon

converted y into €7 €

TRT

) “
4
)
|
= - ! ‘ # = i
- “gc-[-..
L
) )
Pixels
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Solenoid coil |nl_=l-0

10 end-plate 3532

Cryostat
ni=1.5

== e—
R1150 3
1066 | % s Peen 2710
ooy - - . R1004 - Inl=2.0
= ; I :
< | | ' RT (ehd:c
e TRT (barrel) v k ; p | B Cryostat
:g [ | vizlalalelsly batafialuliola [io lla e |is et 7l 8] peqs i
© . { ¥
S :233 RSB0 NGk ni=2.5
i 56 | SCT -(end-cap) Sraos MB.8  support tube
Azt H ) ' | Pixel PP
(o g e R229
:R122.5 y o Beam-pipe
: R80.s oAREE— A34.3 _
: Y 6 400.5 580 749 934 1209.9 1771.4 2118.2 2505 2720.2
: 495 650! 853.8 1091.5 1399.7 z(mm)
Inner traC ke ru p ID services+cables scintillator
1o ~ 2 5 superconducting T
n . solenoid coil Al cryostat
Al cryostat Presampler ﬂgl’?n
warm wall N .. cold
II' [N
EM calorimeter - — .-
I — L L L L -
s == — P
f ] BARREL |ENDCAP

upton~3

HAD calorimeter
upton~>5
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ATLAS

Pb(1.5mm) - Pb(1.1mm)
210emX0 .~ 2.650mX0

INNERIDETECTOR




Relative energy scale

https://atlas.web.cern.ch/AtlassfGROUPS/PHYSICS/EGAMMA/PublicPlots/20121106/ATL-COM-PHYS-2012-1593/index.html

1.005

| ! : ! ! : ;
1.004F ~RMS:0.023% @ Woev-E/p- E
=  RMS:0.033% = O Z—eeinv.mass 3
1.003 : i =
1.002f- | =
1.001F E
- —o— T SN R E
|2 IR ettt el e SRSS S S -
= N ’eﬂ 5 ‘T“ : v 3 d b I
0.999 | | - very good stability
0.998 - =
0.997 | : 2 3
09965— :Data 2012\5 8 TeV, Jf_dt-130fb : E
R = ATLAS Preliminary é E
0.995"% ' ' '

25/03 25f 04 25/05 24/06 24/07 23/08 22/09
Date (Day/Month)

1,005
1.004
1.003
1.002
1.001
1
0.999
0.998

0.997 | :
0.996E. Data 2012,\/s s=8 TeV Ldr = 13 0 fb‘
"k ATLAS | Preliminary

_|III|III|III|III|IllllllllllilllillléllIi:
0'9958 10 12 14 16 18 20 22 24 26 28

Average interactions per bunch crossing

Corfu 8-9-13 110

Relative energy scale

AR RN AL RN WURAN LA RA RN RARAN LRAL

https://atlas.web.cern.ch/AtlassGROUPS/PHY SICS/IEGAMMA/PublicPlots/20121129/ATL-COM-PHYS-2012-1668/index.html



T signhature

others

3nt1nly

e, A7 teptonic 2-4 neutrinos in final state
mass reconstruction difficult
( see above)

171 270v

1intindy Irty

hadronic t decays : challenging

signature

—> use multivariate techniques to
separate t decays from jets

Lyon 28-29 oct 13 119



b signature

b (and ¢ ) hadrons have relatively large masses, long lifetimes
and daughter particles with hard momentum spectra. Their
semileptonic decays can be exploited as well

CMS 2011, JE=T TeV CMS 2011, (=7 TeV
.1[:!- 17 F] - Data
E 10 2 10° ib) [ b quark
s 2 [ b from gluon spaitting
1ot @ ™ o quark
10* B v guark or gleon
10°
10
10 10°
.1
1071 102
10
15F —_—— 1.5 —_———
% 1;_ | I E |E L T T R L I L L T LI TPl T T TR T bl 1]
g E T g ® -1
& tsk=s r I . — L E 0.5E —
[1] 1 2 3 2 5 01 02 03 04 05 U8 07 O0F 09
Mr. of secondary vertices CSV discriminator

Figure 5: Distributions of (a) the secondary vertex multiplicity and (b) the C5V discriminator.
Lyon 28-29 oct 13 Combined Secondary Vertex (CSV)



CMS 2011, \S=T7 TeV CMS 2011, Vs =7 TeV

2 2
- # Data s« Data
E 1['5 (a) b quark d 105 ) I > quark
@@ b from gluon splitting — [ b from gluen splitting
ﬂ [ = quark w [ « quark
g 10.1 H vds quark or gluon E 104 B vds quark or gluon
|
10°
10?
10
Q 1.5: Q 1.5:
% 1?--".' """"""" v‘v‘i¢!+‘¢+i;*i*+++++1++++++1' % 15" . ""r,‘q * v + +
® o0sk ; : ; ; ; ® o5k ; ; Lot by *H
o 0 5 10 15 20 25 30 o 0 0.5 1 1.5 2 25
TCHE discriminator JP discriminator

Track Counting High Efficiency (TCHE) Jet B Probability (JBP)
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CMS Simulation, Ws =7 TeV X CMS Simulation, \.'s T Te"ur‘

—%
1
—
+

udsg-jet misid. probability

E ||||||||||I|||| TTTTTTTTI TTTT TTTT II.I‘..I._‘I..I‘ = -.:::h IIII:IIII:IIII: IIIIIIIIIIIIII : 1] -
-« TCHE C = *-TCHE a3
: - TCHP : o —« TCHP l"i
; SSVHE ) SSVHE A
10 E_ SSVHP E E_}_ 1 SSVHP i
C —+JP 7 .10 =P _':!::
[ e 1 5 e e
- CSV = T CSV 4
107 E E ’(}?‘fm
F ] {]_J‘ " L..'wf
I . 1 “402 A /
3 _ﬂh. 5 '}_;rI -
0 E Y ¥4
SR ] s
s a ] [ (b)
4 e @1 L. ‘f
10"4 III*TII II/MI*} .IIII 1111 1111 L1l 1111 10‘3_|_'I|.| | 111l L1 1l 111l I I O e A v v |
0 0102030405060.70809 1 0 0102030405060.70809 1
b-jet efficiency b-jet efficiency
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udsg-jet misid. probability

CMS Simulation, \/s = 7 TeV CMS Simulation, \/s = 7 TeV

1 E T T T | T T T T T T T T T T E ::'h T ! TTTT ! TTTT TTTT TTTT TTTT TTTT TTTT
; TCHP | ﬁ’,-g E ::ssqu
- $PU=0 #f . E | 4-PU=0 ke
107 = PU= 121015 [ = g __-*-PLI=12t|:|1E #
- ; 1 © Yy
_ » €107
107 B i
g P 19 i
: J ] & )
: . g T
10 = i 3 - f
: 9;7 E el
S @ | W ()
10—4 1 Iﬂl 1 1 1 1 1 1 1 1 1 1 1 10—4 1 r"l"-l L1 11 1111 L1 11 1111 L1 11 | I |
0 0.2 0.4 0.6 0.8 1 0.2 0.25 03 0.35 04 045 05 055
b-jet efficiency b-jet efficiency

A lot of ‘data driven’ checks ...
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Missing E+

It is a key signature for many measurements

Calculated by summing all energy deposits
in the calorimeter (based on identified
objects: e, y. 1, jets >20 GeV, soft energy
depositions incl. tracks, and muons

prmiss _ JMiss, e JMiss,y JMiss, T miss,jets
iy " xly) “ xliy) "Xl “ wliy)

sqoxer™> @

miss, S0t lerm N TEST,
T E.r{ i) T E.=.1 i)

ra

10

Resolution depends on total
transverse energy ( and also
on pile-up

¥

EM= E™* Resalution [GeV]

TLAS Preliminary
Dwata 2010 4E = 7 Tal

f.ﬂ'.-&-ﬁpb" p

MinBizs: fit 0.45\[Z E,

= Z--ee 042YZE,

*  Z—wp 044z E,
M MinBias: il 0.48YZ E,
MC Z — e I 0.42\[T E,

= need pile-up suppression
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T E.levent) [GeV]
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Suppress pile-up contributions using tracking detector

Include only jets whose tracks have a high

vertex fraction

Scale Soft Term by Vertex Fraction

} ] T T T T | T T T T
{3 10°} le:ﬂ:El:l m' ATLAS Praliminary
o 10 JE=B TV * Daia 2012

— CMCZ— uu

a2 . B M tibar

5 I MC WE

> ) B mc zz

TR Ty G W

10
"ﬂ“ - | i

o H H“H-J-hhjf IT|.‘-| =
o

w

ﬂ -1 - — —

Er pile-up suppression STVF [GeV]

E" I%’"""E Resolution [GeV)

IWVF = Z pr/ Z T

track s Y Iricks
STVFE = Z‘ pr/ 2‘ T

.I.I:"'.L.l"ﬁ|.‘r|'r|-|"| Il‘ll'I Ilih.hxilln.ll'lll
35_ T | T T T | T T T | ]
— AT}.AS F'rehmmarg.r ]
a0f * Data 2012 before pile-up suppression ]
T o MC before pile-up suppression .ﬁb'é ]
255 s Data 2012 pile-up suppression STVF = _:
- 0 MC pile-up suppression STVF .
20 —
15 —
10E o J5=8TeV E
| Let=20 fb” 3
= J :
[ 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 ]

OD 200 400 600 800 1000 1200

X E; (event) before pile-up suppression [GeV)

Good description of the missing transverse energy distribution/resolution

by the Monte Carlo simulation



_ and the description of the analysis in the
v The discovery various channels , and the searches for
additional bosons

Lyon 28-29 oct 13 126



The discovery
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INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

CERN

VOLUME 52 NUMBER 1 JANUARY/FEBRUARY 2012

Hints of signal
were already

there in 13th
december 2011
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The 4th July (2012) seminar




during
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Evolution of the excess with time

\s =7 TeV (2011), fLdt = 4.8 fo”
Is = 8TeV(2012) JLdt=591b"
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12/11 CERN Prel.

— Observed
Expected

© F.Gianotti

Spring 2012 PRD

Observed
Expected

=60

- N Expected -
1010 IIIIIIIII|IIII|IIII|IIllllllllllllllllg
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my [GeV]

131
Po= probability that the background fluctuates more than the observed excess



Vs =7 TeV _[ Ldt=0.02fb " Apr18,2011
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channel with good resolution ( FWHM ~4 GeV ), large background
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(similar) good resolution , small background
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( Tevatron data (proton —antiproton v =1.96 TeV) ended in september 2011 )
Tevatron Run ll, L,,<9.7 "

CDF and DO Ol YA HANAS AN M 235 AN MM MY ]
(at Tevatron) have Booo [ B ses .. Certod fo etz oo
- Assuming SM rate .

paved the way and T pEd e N _
o0 400 - =5 Predicted -

brought x|

sophistication and !

maturity into £ 200 o

Higgs boson 100

searches at

hadron colliders %00 105 110 115 120 125 130 135 140 145 150

m,, (GeV/c?)

We combine searches by the CDF and DM Collaborations for the associated production of a Higgs
boson with a W or £ boson and subsequent decay of the Higgs boson to a bottom-antibottom quark
pair. The data, originating from Fermilab Tevatron pp collisions at /5 = 1.96 TeV, correspond to

integrated luminosities of up to 9.7 fb~!. The searches are conducted for a Higgs boson with mass
in the range 100-150 GeV/c®. We observe an excess of events in the data compared with the

background predictions, which is most significant in the mass range between 120 and 135 GeV /.
The larzest local siznificance 1s 3.3 standard deviations, corresponding to a global significance of
3.1 standard deviations. We interpret this as evidence for the presence of a new particle consistent
with the standard model Higgs boson, which 15 produced in association with a weak vector boson
and decays to a bottom-antibottom quark pair.



Back to the description of the analysis ...
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Event display with a Z— p*u~ with 25 reconstructed vertices
recorded April 15t 2012
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Figure 4: Recomstructed mass plots for Higgs boson, my=100GeVic2
(a)smeared by: calorimeter energy resolution of AEIE=2%/VEG0.5%
(b)smeared by: calorimeter energy resolution of AE/E=7%IVE®] 0%
(c) smeared by: pileup energy from, on average, 10 interactions
(d)smeared by: loss of knowledge of the vertex position (G,u=5.5 cm)

Mz=2Ey, Ey,(1-cos¥,,)

A lot of vertex = (if the wrong vertex is taken)
Impact on ¥,

Corfu 8-9-13 139



ATLAS : uses the longitudinal segmentation in order to

get the vertex

( and also the track conversion(s)
. when the photon is converted )

> A R B BN LN BN B ALEAR NS UL B B
8 | —e— True vertex ATLAS Simulation 4
o 012 I\/Iapri ]
o - —— Likelihood 99—>H-—vyy
.. 0.1 —=— Calo pointing my=125GeV 7
= n \s = 8 TeV -
-O f— -
= 0.08— —
T - ]
=z - _
- 0.06— ]
0.04[ -
0.02F : -
O: —::'.;' I RN N BN S AR | !‘?-~- :
116 118 120 122 124 126 128 130 132 134

Corfu 8-9-13

— No degradation
of the resolution

my, [GeV]



in order to get ‘the’ vertex

CMS : sophisticated kinematical cuts (and the conversions)
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Corfu 8-9-13
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large ( non photon ) background

due to jets fragmenting mainly into «° ’s

background ‘photon candidates’ coming from jets are
less isolated than real photons
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“Hard” Scattering

outgoing parton

proton

underlying event underlying event

racdiatior

a Nnitial-state

too
schematic

Connection between jets

jet definition is very complicated
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v/n0 discrimination

R, ~10%

10" £ (y) ~ 90%

10° .

'1DEE Jf vl =yl y2

Re <angle between y1 and y2
| > 2m(n®) / pr(n?)

10° Y2

>
o
T Ty T
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330 © D 8001
3 Entries 1778

Mean £.7381

w | = after the analysis cuts the reconstructed
b | electromagnetic cluster is mainly the x°
: : 'L"L.J ,J i "o 7020
o Lulle v ano b A L TR g 80 - ::'::* o.::

70

iy

However the cluster (or the ni°) does *| T
not take the whole energy of the jet * |

»

|

discriminating variable S URUE . PUPITOSTOIL N WP

Q 0.2 0.4 0.6 0.8 1.4
Et{clustar)/Et{parton)

kﬁ H r
= Isolation is an important Fnﬁ q |
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N(pi0}
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fragmentation functions

-
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10k gluon i
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momentum fraction

QCD (DGLAP)splitting function

Lyon 28-29 oct 13

0.7 0.8 0.9 1

Rejection better for
gluon jets than for
guark jets

g—>099 ~ 94 g—>qg
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¢ good jet rejection essential ( to reduce yj and jj backgrounds)

The granularity of the
electromagnetic
ATLAS detector is
very useful to reject
the =¥ bakground
opening of photons coming
from a n° (p=40 GeV)
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Photon identification

1stsampling ~0.003

h oh X reminder: opening angle between the two
With shower shapes photons of a #° of pr =40 GeV is > 0.007
to be compared with size of strip calo

n’ candidate passing “loose”, failing (tight” selection

SATLAS

2 EXPERIMENT

Run Number: 155160, Event Number: 7203050
Date: 2010-05-17 08:22:09 CEST

tight
selection
uses
mainly
calo

1st
sampling
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Photon candidate passing “tight” selection

1A EXPERIMENT

Run Number: 155160, Event Number: 44820761
Date: 2010-05-17 12:51:29 CEST

j————
| S———

Nice shape in first sampling of EM calormeter



Graphical representation of shower shape variables used in the ATLAS photon identification:

Variable; and Position _Sh_muﬂr_S_hap_es_

Strips 2nd Had. L" _ pS
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Ratios f. fide  Ry* Rs  Ruag™ Eratio = a1 s
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Shapes AE. Eratio * Used in Photonloose,
:[—\L ‘Er:xixx 2 Er—?\:n
Energy Rati
ES2. ES2, i

‘ - A s
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E[Iad Width in 2 3x5 (AnxAp) reglon
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53

/ L.L 7(1 JIIIH: )2

L | 3’\ -
v—/’d’_\‘fl Lo MB W, Uses 3 strips in ry
I‘ S1 F lot. lllll Illl » wstot is defined similarly,
fhl(l‘ : ||||I|

but uses 20 strips.




Digression on background estimation
( and purity estimation)
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Important discrimination variable is isolation

variable > .
3 106_ ATLAS Preliminary E
E 105%_ \E:?Tev,J—Ldt: 15.8 nb’ _é
I= - e Data 2010 a
H 10% & [ Simulation (ally candidates) —
= []Simulation (prompt ¥) =
10° E
102§ e E
: 204y :
108 Lt
E| | 1 | (I | (I
-5 10 15 20 25 30 35
|solation [GeV]
Isolated non isolated
8 Fm'lf::ﬂ
AAANA,




keyword (pedantic) inthe LHC experiments

data driven background estimation

| will give an example below with photons

It Is a way to compute the background trying to
use as less as possible the simulation
( which may not be correct)
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Signal and purity extraction

fail tight cuts

g IIIIII IIIIIIIIIIIIIIIIIIIIIIIIII

pass tight cuts

Isolation [GeV] |

5

We define cuts on
Isolation and on
shower shape variables
In the electromagnetic
calorimeter such that
the y signal will
concentrate in NA
where the background
( of 7°) will be small

( but not zero)

The background
IS present everywhere
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we suppose the y
signal is only in NA
e and the background
> IS everywhere

Signal and purity extraction

aitnteuts | A M® we suppose also that the
Isolation is the same for
tight and non tight events
for background events

pass tight cuts | \JA NB NA/NB :MA/MB

l.e the 2 variables
el || are not correlated

Isolation [GeV] o M’*—Nﬂﬂ
e 1WE
ABCD method « data driven »

approximate
formula 155



Signal and purity extraction Modified
o E———— ABCD method
- — needs
fail tight cuts MA MB Monte_CarIO

to extrapolate
(sometimes in
a non trivial
pass tight cuts NA NB Way)
O [ RE better l
Isolation [GeV] formula
(;‘T\TC — CC ;‘T\'leg) ] v\vbl\g 1\ bkg
NSE = N, — (\B . \*i;g) : | 4 Np
(_\ D — CD _\izlg) N B N C
S8
p=_4
N




-'_“:-:'\ 1: T T ! T T T | T T T T | T T T T ]

3 0.9 ATLAS Preliminary 3
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If one makes a mistake in the extrapolation giving
the background then the estimation of the signal
will be wrong

157



The previous method was supposing that the
extrapolation of the background in data was given by
some (other) data

Sometimes the extrapolation cannot be done with data and it is
done through this formula

Ndam Ndafa y

S.R = Signal Region _
(what we want to know) CR = Control Region
( the ‘measured’ input)
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E.James HH2011

But be careful ! [Crissic example is WW

production through box

Also need to concemn diagram (small Tevatron
oneself about potential cross section but events

background events in are more signal-like)

odd regions of phase
space that could mimic
a Higgs signal

Ecole de Gif 20-21 9 2012 159



Back to ( energy , mass ) resolution

We do not have pure ( with fixed energy/mass )
photons (exceptfromZ —seey Z—-pup vy)
= useefrom Z—>ee

Lyon 28-29 oct 13 160



Reminder ( transparency already shown ) :
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Events/0.2 GeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13001 T Wiki
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CMS Preliminary

\'s=8 TeV, L=19.6 fb™

Both electrons
<1, R9>0.94

The width of the Z is
large (~2 GeV ) so it
is difficult to measure
the experimental
resolution

( by deconvolution)

Mee (GeV)

E CMS Preliminary 2012 1 [

: ' \'s =8TeV, L =196 fb"
.8F ECAL Barrel

T .*

: : 2

- A Prompt reconstruction

E— . Winter2013 re-recnnstruction----------------é--------------------------

! 1 1 I
02/05 01/07 31/08 31/10

date (day/month)

Validation and tests with Z — ee

the energy ( and the response ) of y
~ from H— vy is different from the energy
v (and response ) of e from Z— ee
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relative response

(barrel average)

y

LHC luminosit
(10¥ em2 g

CMS Preliminary 2011

0.995

0
g

fi'}ﬁ m‘g’ﬁh ﬁﬁh S

date (day/month)

loss in a fill and recovery in interfill

CMS-DP-2013/007
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Inter-Calibration Precision

0.04

. CMS 2012 Preliminary - ECAL barrel
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Events / 0.5 GeV
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energy scale corrections
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Relative energy scale
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Number of Primary Vertices
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CMS Preliminary
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HlTEP Simulation

Parametric model

BDT,, >= 0.91

o, =1.36GeV

FWHM = 2.99 GeV
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o

Simulation
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Parametric model

0, =261GeV
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40
m,, (GeV)
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A
1

Events / ( 0.5 GeV

g —
35 f_ All Categories Combined
B Parametric model
30
- G, = 2.02 GeV
25
- FWHM = 3.86 GeV
20—
S slightly better
10F resolution in
5— CMS but
SU— SN | more tails
PS 110 115 120 125 130 135 0
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Several categories are made in order to enhance the sensitivity
In order to have different S/B , based on
- number of jets
- different resolutions
- different kinematics giving different S/B

S/B has to be different for various categories

This 1s needed if we want to gain in statistical significance
If S,/B,=S,/B,

then S,/\B;® S,/ VB, =(S,+S,) / V(B,+B,)

and one does not gain making categories

(one of) the work of the experimentalist is to find categories
with different S/B !
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In fact finding and using different categories
allows us to « see » the various production
modes
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ATLAS Preliminary

H— vy

di-photon selection

¥

Cine-lepton
Wi— kJH, Z(— IH

w

ET" significance
Wi— WH, Z{—=vviH

WVH enriched —

¥

Low-mass two-jet

Wi(— jjH, Z(— jj)H

¥

High-mass two-jet
VBF

VBF enriched —

<

w

9 pT_-u]-c-:}wersiDn

ggF enriched
ggF

Expected signal and estimated background

o SM Higgs boson expected signal (=125 GeV) Background
Event classes ve FWHM/Z35] ., — 125GeV
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Figure 10: (left) The diphoton mass spectrum weighted by the ratio of signal-to-background in
each event class for the mass-fit-MVA analysis. (right) The background-subtracted weighted
mass spectrum.
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1000 ¢ T

100 =

10

compared to the experimental
resolution FWHM ~ 4 GeV

0.01 |

A.Djouadi Phys.Rept.457:1-216

0.001 L L L L
100 130 160 200 300 500 700 1000

M e and it is very difficult to obtain

the width of the SM scalar T~ \/( EWHM 2 _ FWHM 2
is small (T" =4.2 MeV) (meas) (pred)

V5=TTeV L=5.1f"

S ———— still a limit is set for I" at
T e 6.9 GeV 95%CL
g | oRmimimes
3 There are other (indirect) ways
; F of putting limits (with few
5 T hypothesis) on invisible
= \L width or invisible branching ratio
.:EE “"zl 1 :F_'-' | L v ZH , H—>Inv

Higgs Decay Width (GeV) ' Cou pl i ngs anaIySiS



search for additional scalar-boson-like states

In this search the observed state around 125 GeV
is considered as part of the ‘background’

—~0.15 T T T T T T T
2 | | |
o CMS Preliminarny —_— Ohserved
E T5=7TTe¥ L=5.1fui’
= f5=8Te¥/ L=19.6 & - Expected + 1o
;b-
T —---—- Expected
pected + 2
Z 0.1
o
M
x
=]

1111 i 1111 1 1 111 1 | 1111 111 1 1111
10 115 120 125 130 135 140 145 150
m,, (GeV)

Once sufficiently away from 125 GeV, we recover the same limit as in the search for

a single SM Higgs boson. The p-value at the most significant excess, where my=136.5GeV, is
found to be 2.93¢
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differential cross sections

relatively high signal yield ( ~ 620 fitted in ATLAS at Vs=8 TeV)

—> can be used to probe the underlying kinematic
properties of production and decay Methodology :

ATLAS-CONF-2013-072
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Ho>ZZ(*) >4l
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Mass can be fully reconstructed
4 leptons with cuts on pT and on the mass ( second mass ~ Z*
resolution 1.5to 3 GeV )
However low rate at low mass — low p- leptons (down to 5 GeV)

Main backgrounds
& Z Z* (irreducible)
¢ my<2m,:Zbb,tt

Crucial experimental aspects
« High lepton efficiency (even at low p;)
& Good lepton energy/momentum resolution ( special
fits of electrons with bremsstrahlung )
& Good control of reducible background ( MC normalised
In background enriched control regions )



CMS Simulation, {s = 8 TeV
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I
Main backgl_rounds | Xf”’f;f |
& Z Z* (irreducible)

-~
e m,<2m,:Zbb, tt I/ \|

Impact parameter cut

C (jet) <« Isolation cuts
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The mass resolution is crucial for the sensitivity

Correct m,, applying Z mass constraint using the
event uncertainty

H—ZZ7*—4e (\s = 8 TeV) H—>ZZ*—»4e (\s = 8 TeV)
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Improvements in 2012 electron analysis
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new electron reconstruction with new pile-up robust
brem recovery identification
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Electron ID in CMS

Brem Cluster

superclusters in

ECAL +

dedicated track finding

and GSF fit P, GSF track
ECAL
surface

® B=4T

Optimisation of electron ID using multivariate analysis
30% efficiency gain wrt 2011 ( at same fake rate)

Electron Cluster

HH 1uoyjeg
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Isolation

used to be detector

. : now particle flow isolation
Isolation
i & H
HCAL = o :
neu '
Clusters hadron A
: S
: O
4
’ : photon
Tracks \

charged
hadrons

10% efficiency gain per lepton (same fake rate) wrt 2011



Events / 3 GeV
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CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115

4-lepton Mass : 126.9 GeV

u*Z,) pr: 43 GeV

e(Z,) p;: 10 GeV

¢»L-bl&\«s-\ v e

R tad s S8 LA 44 i

wi(zZ,) p; : 24 GeV

e*(Z,) p;: 21 GeV

CMS Experiment at LHC, CERN
Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354 -
Lumi section: 115

e(Z,) p;: 10 GeV

e*(Z,) p; : 21 GeV

wH(Z,) p;: 43 GeV

4-lepton Mass : 126.9 GeV

W(Z,) py: 24 GeV
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Untagged

Diettag

jet category
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HoWW-oSlvlv

. Look at leptonic decays ( e, u)
. 2 neutrinos — nNo accurate mass information

. Counting experiment : background understanding is critical

— control regions
. Analysis optimised for spin O :
cut on A¢" + kinematical variables

W+
Vv -
S — I
’\__,.' W_ e
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all channels
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Cross sections are in agreement with the Standard Model
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Hopp
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Table 1: Optimized event categories used in Analysis A and Analysis B.

A | 01-Jet Tight BB (Barrel-Barrel)
pripp) = 10 GeV/c | BO (Barrel-Overlap)
BE (Barrel-Endcap)
00 (Cwverlap-Overlap)
OE (Owverlap-Endcap)
EE (Endcap-Endcap)
Loose BB
pripp) < 10 GeV/c | BO
BE
00
OE
EE
2-Jet VBF Tight
M{(jj) = 650 GeV/c* and |An(jj)| = 3.5
GF Tight (not VBF Tight selected)
M{(jj) = 250 GeV/c* and pr{up) = 50 GeV/c
Loose ( not VBF Tight and not GF Tight selected)
B | O-Jet Tight (pripp) = 15 GeV/c)
Loose (pr{puu) < 15 GeV/c)
1-Jet no subcategories
2-Jet VBF Tight

M(jj) = 500 GeV/c? and |An(jj)| = 4, for T TeV |Ay(jj)| = 3

VBF Loose (not VBF Tight selected)
M(jj) = 300 GeV/c” and |An(jj)| = 3
category used only for /5 = 8 TeV

non-V BF (not VBF Tight and not VBF Loose selected)




CMS Preliminary  Analysis A: 0,1-Jet Tight BB
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CMS Preliminary Combination
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ttH

o (tt — fvqq'bb, H — bb)
(tt — {Tvf~vbb, H — bb)

(tt — fvqq’bb, H — t717)

MVA techniques

CMS Preliminary fe=7TeV,L=50f" {s=58TeV,L=185f"

Combination — -——I‘——-
Lepton + Jets |— ]

"'ﬂ" — 4—
TTeV LJ+DIL [ ]

Dilepton — |
Tau — [ ]
1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 I 1 1 1 I 1 1 1 I 1
£ 4 2 i 2 4 [

Best fit /o, at m, = 125 GeV
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95% CL limit on GIGSM

CMS preliminary

bE, TT,YY

\s=7TeV,L=50f"Vs=8TeV,L=19.5f"

(=]

10— —— Observed

—-- 888 Expected+ 1o

ttH(125) injected

Expected+ 2c

L L i L L L L
135 140

120 125 130
my (GeV)
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Inivisible H decays

95% CL limit on o, X BR,, /0, <,

CMS Preliminary s =8 TeV, L= 18.8 &~

- Z(— bb) H{— inv)

—— Dhserved

110 120 130 140 150

my, [GeV]
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v The first measurements of the properties
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different production modes
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s=7TeV,Lz51f" {s=8TeV, L= 196"

Measure of the ratios p of the o | CMS P, = 1257 Gev
Cross sections w.r.t Standard T
Model cross sections for e o +
the different production modes ver agged C'D
of the boson

VH tagged
p=102+049

ftH tagged
u=-0.15+286

Good agreement with Standard Model D A R

2
Best fit Uﬂ"O’SM

< 4"! T T T | Trrr | L | T T T T rT I T T 17T I T T 1T T
c L ATLAS
=k 9a ~ 1A -
. \ C L s=7TeV JLdt=4.6-48fb" ]
Wi 1o & Is=8TeV [Ldt=2071b" ]
3 . 10 m, = 1255 GeV B
. Y ]
8 " —]
g _ B 5 — Combined H—yy, ZZ*, WW* .
t 6 | ----SM expected -
Ho N _
ty >t B
i
g

VBF

ggF+ttH



coupling scale tactors

7

o-B(gg— H — vyy) Ky - :%

osm(gg — H) - Bsm(H — yy) Ky

Lyon 28-29 oct 13 211



I B | I L
7 [
41— ATLAS
- Vs=7TeV|Ldt=46481"
\s =8 TeV |Ldt = 20.7 b

LiH=4l i i H—> v
IH — vy EJCombined
+ SM x Best Fit ]

—
'CD_III|IIIIIIIIl[lllllllll‘lllllI

0

asymetry
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CMS Preliminary fe=7TeV.Le51®" {s=8TeV. L= 108 &' CMS Preliminary fs=7TeV,L<61f" fs=8TeV,L< 106"

i “f ¢ SMHiggs @ Fermiophobic [ Bkg. only
21 21
1 1.53
|
1 0.53
—
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Scalar boson decays : example of H— py

1(2) (%)

Interference
between
W loop top loop

2

_ G, o* M; i
[(H —7) = Tt Z’\Qﬂuz ) + At (7w)

oC -.28 +1.28

214
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No assumption on the total width

free parameters are k,, K, and BRiyy._ undet.

g ()

Iy =

(l — BRiIW..ldeL) H

rSM

o(gg — H) * BR(H— yy)
a(qq’ — qq'H) * BR(IH— yy)
o(gg — H)« BR(H —» ZZ",H - Ww"Y)

o(qqd — qq'H) * BR(H - ZZ" . H - ww')

o(qq’ — q¢'H.VH) * BR(H — tr.H — bb)

K2 - K-

£ r

0.085

2 +0.0023

2
5

0.085

i +0.0023
K2

£

0.085

2 +0.0023 -

0.085

2 +0.0023 -

0.085

2 +0.0023 -

' {] - E'Rim;.+

' {] - ng{invw

' {] - ng{invw

' {] - ng{invw

' {] - E'Rim;.T

undeL)

undeL)

undeL)

undeL)

undeL)



~—y 10_ LN I I I O I :__"
m~  gfF ATLAS Preliminary [K,.%0.B, ] E
= N [ _ ) TOE T, -
- of 1S=TTeV JLdt=4648M" _—Opserved 3
o~ - {s=8TeV, |Ldt=13-207fb" -- SM expected .
[4= =
6 =
5F- 3
4 -
3F 3
2F =
1E o :
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mass
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The two ‘high precision’ ( ZZ , yy ) channels give the mass

ATLAS: m=1255 £ .2 (stat) "> (syst) GeV

CMS : m=125.7 £ 3(stat) £ .3 (syst) GeV

Englert 17-9-13 218



spin parity

Lyon 28-29 oct 13 219



spin ( and parity)

Everybody expected
spin 0 and
parity ( mainly ) +

— 250 S R E SEAMAARRLMASA ~ 250 R e A e SESMAARALMAMA
e ATLAS H— W J=0 Expected e ATLAS H-— oo J=2 Expected
P P
2 o[ \s=8TeV ILdt=20.7 o' ¢ JS=0"Data 1 2 oo Vs =8TeV ILdt: 207f' ® S=2'Data
[ r Bkg. syst y ] [0 r Bkg. sy: y
i E @
150

100

f :'_ + é 1 00; —o— é
C ] C —<:|_':1:_l i
50 3 502 — 3
a —— 1 ] a D G ¢_'
O : Ll = u ¥ I :

Oﬁ

I N RN N SN I S I S P N I RN W B R BT I T R
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

|cos 6*| |cos 67|

0+ well favorised w.r.t a 0- and 2+

Englert 17-9-13 (1 excluded : Landau-Yang theorem) 220



v The future of the physics with the scalar boson(s)
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example LHC time line — next ten years

SPS e-cloud mitigation, 200

OF A MHz d
0" A\ power upgrade
o CEF

S O PSB-PS transfer
S 4 &4‘6& 1.4 GeV - 2 GeV

fb

2019 2020

) Injectors f
Physics @ 6.5/7 TeV cofimissianed
“Ultimate Physics”

|
NB: not yet fully approved HL-LH(

Ralph Steinhagen, ICHEP2012



LHC luminosity forecast

~30/fb at 3.5 & 4 TeV 2012 DONE
~400/fb at 6.5-7 TeV 2021 goal (?)
~3000/fb at 7 TeV 2035 goal (?7?)

to obtain 3000/fb by 2035
we need the HL-LHC



HL-LHC — modifications
IR upgrade
: [ e

(detectors, low-f__.

ab cavities,
a few high-field s SPS enhance
dipoles, Btt] X 'f’.""“hma (anti e-cloud coatm&"

ALICE~2022 oedance), Z,QI]E'

.

CNGS

2006 |

Gran Sasso

AD

Tl

;()tMI

LINAC 3
lons

2005 (78 m])



HL-LHC Official Beam Parameters

Parameter

N

Np

beam current [A]
X-ing angle [urad]
beam separation

[o]

p* [m]

€n [pm]

g _[eVs]

energy spread

bunch length [m]
IBS horizontal [h]
IBS longitudinal [h]
Piwinski parameter
geom. reduction
beam-beam / IP
Peak Luminosity
Virtual Luminosity

nominal
1.15E+11

2808
0.58

300

10
0.55
3.75
2.51

1.20E-04

7.50E-02
106

60

0.68
0.83
3.10E-03
1 1034

Events / crossing (peak & leveled

1.2 lii;i“

2.2E+11
2808
1.12

590

12.5
0.15
2.5
2.5

1.20E-04

7.50E-02
20.0
15.8

3.1
0.35
3.9E-03
7.4 1034
21 1034
210

3.5E+11
1404
0.89

590

11.4
0.15
3.0
2.5

1.20E-04

7.50E-02
20.7
13.2

2.9

0.33
5.0E-03
8.5 1034
26 1034
475

6.2 10'*and 4.9 104
p/beam

(Leveled to 5 1034 cm-2 s-!
and 2.5 1034
cm2 s-1)

140 995 140



luminosity leveling at the HL-LHC

example: maximum pile

L[10°* cm~s™'] up 140
(0,85 mbarn)
20 - | varn)

\ no leveling w peak 2x10°> cm~s!
Lo |
10 -

_. leveling at 5x10°* cm=s !

J 1

- nominal

2 4 6 8 10 12 14 ¢[h)



luminosity leveling at the HL-LHC

15

10 |

L[10%** cm™s]
20

example: maximum pile
up 140

' no leveling w peak‘ ' ‘ |
\ 2x10%em s I\ '\ |\
-\ |\ |\ |\ |
l \
\leveling at \ l I
 — — EOEC I_S \ I Ei_l | average no level
average level

R I

0 5 10 15 20 25 30 ¢[h]



luminosity & integrated luminosity

D L B W N

during 30 h at the HL-LHC

example: maximum pile
~up 140

L T10°P* e ]

4 b1 per day,
with 40% of
efficiency
~250 fb-! /year

integrated

............

A " " TV U VS W w—

5 10 15 20 25 30 t[h]



final goal : 3000 fb-t by 2030’s...

¢ LHC IntL (fbA-1)  MHL-LHC IntL (fbA-1)

3500
2000 (Ful
O
1500 0,00 =ell EE
u
2000 - O
1500 - | Enhanced consolidation} o®
| P i

2010 2015 2020 2025 2030 2035
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ATLAS Simulation Preliminary
(s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb"

ATLAS Simulation Preliminary
(s =14 TeV: [Ldt=300 5" ; [Ldt=3000 i

H—pp  (comb.)
(incl.}
(ttH-like)

Hoopp (comb) F

H—str (VBF-iike)

H—tp (VBF-ike)

H— Z7Z (comb.)

H—/7Z (tomb.)
(vH-like)

(tiH-like)

(VBF-like)
{ggF-like)

H— WW (comb.)

H—-WW (comb.)
(VBF-like)

(+1])

(+0j)

H— Zy (incl.)

H—=Ly fincl.)

H—yy (comb.)

H—yy (comb))

(VH-ike)
(ttH-like)
(VBF-like)
(+1])

(+0j)

— — e e




1.4 ¥ BestFit * Standard Model

—wi theory —- wio theory

1.3

—G8% CL —95% CL

1.2

1.1

0.9

0.8

~ ATLAS Simulation Preliminary_]

V=14 TeV, {Ldt =300 &

—
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H pair production

last diagram, the only one that depends on Ayyy, interferes destructively with the first two. The
cross section 18 therefore enhanced at lower values of Ay yy. For JHHHH:@EH = 0 (2) the cross

section is 71 (16) fb. Studies using Higgs pair decays to bbyy and bbW*W~ are in progress.
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High-Energy LHC

e HE-LHC
20-T dipole magnets

LHC

< j Noi‘th Area

CNGS
' 2006 Gran Sasso
. T2 BO( )\ TER
higher energy e 2- qg LWoster
transfer lines . East Area
‘ =
! 5 i! )%— ] /' _ 9598 ] ............
/(/ I1AQ Ll—_‘_< CTI
// neutrons LEIR (-/ e-
N LINAC 3

2005 (78 m])

lons



80-km tunnel for VHE-LHC — “best” option

«Pre-Feasibility Study for an 80-km tunnel at (R ‘ % Lake Geneva

John Osborne and Carollne Waaljer

L__ 3\ - LY [ ] LY

the same tunnel could host an ete- Higgs factory
“TLEP” and a highest- IumanSIty |

highest- energy e-plA colllder
o L

o

"‘even better
100 km?

LEGEND
== LHC tunnel

----- HE_LHC 80km option
potential shaft location




HE-LHC & VHE-LHC parameters

parameter LHC HL-LHC HE-LHC VHE-LHC
c.m. energy [TeV] 14 14
circumference C' |[km] 26.7 26.7 26 7

dipole field [T 8.33 8.33 20 20
dipole coil aperture mm)] 56 56 40 < 40
beam half aperture [cm)] ~ 2 ~ 2 1.3 € 1.3
injection energy [TeV] 0.45 0.45 *1:0 >3.0

no. of bunches n; 2808 2808 2808 8420
bunch population Np [1011] 1:15 2.2 .

init. transv. norm. emit. [pm] 3.5 2.5

initial longitudinal emit. [eVs] 25 25

no. IPs contributing to tune shift 3 2

max. total beam-beam tune shift 0.01 0.015 0. 01 0. 01
beam circulating current [A] 0.584 1.12
rms bunch length [cm)| T:58 7.55

IP beta function [m)] 0.55  0.15 (min.) 0. 35

rms [P spot size [pm] 16.7 7.1 (min.) 52 6.7

full crossing angle [urad] 285 590 185 72 -
stored beam energy [MJ] 362 694 701

O. Dominquez. L. Rossi. F.Z.



HE-LHC & VHE-LHC parameters

parameter LHC HL-LHC HE-LHC VHE-LHC
SR power per ring kW] 3.6 7.3 96.2 2900
arc SR heat load [W/m/aperture] 0.17 0.33 4.35 43.3
energy loss per turn |[keV]| 6.7 6.7 201 5857
critical photon energy [eV] 44 44 575 5474
photon flux [1017 /m/s] 1.0 2.0 1.9 2.0
longit. SR emit. damping time [h] 12.9 12.9 1.0 0.32
horiz. SR emit. damping time [h] 25.8 25.8 2.0 0.64
init. longit. IBS emit. rise time [h] 57 23:3 10 0
init. horiz. IBS emit. rise time [h] 103 10.4 20 157
peak events per crossing 27 135 (lev.) 147 171
total/inelastic cross section [mb| 111 / 85 129 / 93 153 / 108
peak luminosity [10%% cm™2%s 1] 1.0 5.0 m
beam lifetime due to burn off [h] 45 15.4 : :
optimum run time [h] 15.2 10.2 5.8 10.7
opt. av. int. luminosity / day [fb~!] [P4 S %

O. Dominguez, L. Rossi, F.Z



pp Higgs factories

LHC is the 1st Higgs factory! 1 M Higgs produced so

—Q_ T 10340m-2c-1 far — more to come!
Ecy=8-14 TeV, L~10"cms 15 H bosons / min — and

more to come
HL-LHC (~2022-2030): |
E =14 TeV, L~5x1034cm2s! (leveled) 10x more Higgs

HE-LHC: in LHC tunnel (2035-?)

_ _ 34 ven-2c-1 6X higher cross section
Ecy=33 TeV, L = Sx10%em™s for H self coupling

VHE-LHC in new 80-100 km tunnel (2040?)
E)=84-104 TeV,L = 5x10*cms™ 49, higher cross section
for H self coupling



pp Higgs coupling cross sections vs c.m.

energy
M. Mangano HE-LHC VHE-LHC
o(14 TeV) R(33) R(40) R(60) R(80) R(100)
ggH 50.4 pb 3.5 4.6 7.8 11.2 14.7
VBF 4.40 pb 3.8 5.2 9.3 13.6 18.6
WH 1.63 pb 2.9 3.6 5.7 7.7 9.7
ZH  |090pb 3.3 4.2 6.8 9.6 125
ttH \ 0.62 pb 7.3 11 24 41 / 61
( HH 33.8@ 6.1 8.8 18 29 \ 42
= high statistics studies of ttH g "'H lﬂ//
... and, at long last, HHH couplings Z}>‘““<~I:I\
g RN

VHE-LHC is ultimate machine to measure Higgs self coupling!
(~2-5% level)



TLEP - circular e*e colliders to study
the «Higgs boson» X(126)

Accelerator ring

Collider ring

A. Blondel

a relatively young concept (2011)



ILC TDR Layout

Damping Rings Polarised

electron sourc~

Ring to Main Linac (RTML) e+ Main Linac
(including

bunch compressors)

e- Main Linac

Parameters

C.M. Energy 500 GeV

___________ Peak luminosity 1.8 x10% cm2s!
Beam Rep. rate SHz
Pulse duration 0.73 ms
Average current 5.8 mA (in pulse)

ILC Schame | © wivw - Vo, ~ /A E gradient in SCRF 31.5 MV/m +/-20%
. acc. cavity Q, = 1E10



Higgs factory performances

Precision on couplings, cross sections, mass, width, Summary of

the ICFA HF2012 workshop (FNAL Nov. 2012) arxiv1302:3318

Table 2.1: Expected performance on the Higgs boson couplings from the LHC and e’e colhdeu as compiled

rom the Higgs Factory 2012 workshop.

1di
Accelerator =2 LHC HL-LHC ILC Full ILC TLEP, 4IP
300 £ fexpl | 3000 £ fexptf § 250 GeV 250+350+ | 240 GeV

| . 2 | 350 GeV (500 o) 5 .

rsice 250 fb - ab™ 5 yrs (*
Phy 51?1 Quantity 50 fb 1000 GeV 1.4 TeV (1.5 ab 10 ab™ 5 yrs (%)
5 yrs Syrs each 5 s eacl 350 GeV
< 0y c‘jc ! 1.4ab™" Sﬁyrs (™)
100 ZH 7.5%x 10" ZH 2x10°ZH

N 1.7 x 10 5

H 8 1.4 x 10° Hwv 4.7 x 10" Hvv 3.5 x 10° Hwv
my (MeV) 100 35 100 7
Al'g /Ty -- - 3% ongoing 1.3%

Indirect Indirect o . o
Al /Ty (30%2) (10%?) 1.0% OIgoing 0.15%
Agny | gry 65— 51% 54-15% 5% ongoing 1.4%
Agrs: | gtz 11— 5.7% 75— 2.7% 2.5% <3% 0.7%
ASHww | ZHuw 57-27% 4.5-1.0% 1% ~1% 0.25%
Agyzz | Syzz 57-2.7% 45-1.0% 1.5% ~1% 0.2%
<30% o 22%

Agem | Zemm } (2 expts) -30% (~11% at 3 TeV -
Agr | g <30% <10% 10% 7%
Agses | e 85-5.1° 5.4-2.0% <3%
AZHee | OHee - — 294
Agrb | ZHbb 15-6.9¢ 11—2.7¢ 1%
Agrre | ZHn 14 -8.7¢ 8.0-3.9% 39,

(*) The total luminosity is the sum of t

TLEP Circular e*e Higgs Factory goes to

precision at few permil level.




conclusions
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Discovery in 2012 of the (Brout-Englert) Higgs boson

Culmination of the work of more than 20 years at the LHC
- conception of the detectors
- research and development
- construction
- analysis

Important work of theorists

He looks standard

Lyon 28-29 oct 13 244



Start of a new era
detailed studies of the boson to do

LLHC stops during 2 years then starts at higher energy

We hope to increase by 10 ( even 100 ) the number
of bosons detected

A lot of questions
how standard is he ?
how many bosons ?

Why there is no antimatter in the universe
Understand the neutrino masses
Undertand dark matter

Understand unification of the 3/4 forces
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10.
11.
12.

. What is the origin of the great disparity in the energy scales associated with the weak and gravitational

forces? This is the hierarchy problem. It has two pieces: 1) why is there such a large disparity 2) the
problem of fine tuning: any new energy threshold much above the masses of the W and Z bosons, such
as the Planck scale or unification scale, tends to destabilize the Higgs boson mass through quantum
corrections.

Where do the parameters of the SM originate?

Do the strong and electroweak forces unify at some energy scale?

. Why is the strong interaction CP conserving? Is this accounted for by an axion field, and does this

axion constitute some or all of the dark matter?

. The quarks and leptons present many mysteries. Why are there repetitive generations? What accounts

for the hierarchical structure of the masses and mixings of the quarks and charged leptons?

. The discovery of neutrino mass has raised new questions. What is the energy scale associated with the

generation of neutrino mass? Are neutrinos their own anti-particles?

. The observed CP violation in the SM is insufficient to account for the baryon asymmetry of the

Universe. What phenomena might account for this? Might they be accessible to experiments at the
Energy or Intensity Frontiers?

. What is the identity of the dark matter which makes up 25% of the energy density of the Universe?

. What is the origin of the dark energy which makes up 70% of the energy density? Why is it just

becoming important at the present epoch of the Universe?
What caused the inflationary epoch, and how did the Universe end up in its current state?
What is the nature of the quantum theory of gravitation?

From what set of principles or structures do the laws of nature originate?

nosaI AN “(] “LOATRY [ ‘qaI[1iox) *g ‘uoxi(] ] ‘uosme(] g ‘Des) 1) ‘nqeg M fourc N TTT90TETIAIXIE
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Thank you for your attention
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v Backup ( with references)
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For a list of historical references see

Frank Close The Infinity Puzzle
Oxford University Press
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BROKEN SYMMETRY AND THE MASSE OF GAUGE VECTOR MESDONS*

. F. Englert and H. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Balgium
[Heaaived 26 June 19684)

It is of interest to inguire whether gauge
vector mesons acquire mass through interac-
tion'; by a gauge vector meson we mean a
Yang-Mills field® associated with the extension
of a Lie group from global to loei] symmetry.
The importance of this problem resides in the
posaibility that strong-interaction physics orig-
inates from massive gauge fields related to a
syatem of conserved currents.” In this note,
we shall show that in certain cases veclor
mesons do indeed acquire mass when the vac-
uum is degenerate with reapect to a compact
Lie group.

Theories with degenerate vacuum (broken
symmetryl have been the subject of intensive
study gince their inception by NMambu.*™" A
characteriatic feature of such theories is the
poasible exiatence of gero-mass bodons which
tend to restore the symmetry.”*® Wea shall
show that it is precisely these singularitiea
which maintain the gange invariance of the
theory, despite the fact that the vector meson
acquires mass.

We ghall first treat the case where the orig-
inal fields are a sel of bogons Y which trans-
form as a basis for a representation of & com-
pact Lie group. This example should be con-
sidered as a rather general phenomenologieal
muxiel. As such, we shall not study the par-
ticular mechanism by which the symmetry is
broken but simply assume that such a mech-
aniem exists. A calculation performed in low-
eat order perturbation theory indicates that

thoge vector mesons which are coupled to cur-
rents that “rotate” the original vacuum are the
ones which acquire mass [see Eq, ffﬂ].

We shall then examine a particular model
based on chirality invariance which may have a
more fundamental significance. Here we begin
with a chirality-invartant Lagrangian and intro-
duce both vector and peeudovector gauge fields,
thereby puarantesing invariance under both local
phase and local v, -phase transformations, In
thia model the gauge fields themselves may break
the y, Invariance leading to a mass for the orig-
inal Fermi field. We shall show in this case
that the pseuwdovector field acquires mass.

In the last paragraph we sketch a simple
argument which renders these results reason-
able.

(1] Lest the simplicity of the argument be
shrouded in a clowd of indices, we first con-
sider a one-parameter Abelian group, repre-
senting, for example, the phase transformation
of a charged boson; we then present the general-
ization to an arbitrary compact Lie group.

The interaction between the ¢ and the A“
fields is

H,_, =ieA uq::"‘?u-:p—elw‘qn-ﬂ. FAF, (1)
where ¢ = (g, +ig) /Y2, We shall break the
symmetry by fixing {g) « 0 In the vacuum, with
the phase chosen for convenlence such that
() ={@*) = (p )T .

We shall assume that the application of the
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theorem of Goldstose, Salam, and Weilnberg®
is atraightforward and thus thal the propagator
of the field Pa which is “orthogomal® to g,
has a pole at g=0 which is not isolated.

We caleulate the vacuwum polarization loop
n,, for the field A | in lowest order pertur-
bation theory about the self-consistent vacuvum.
Wi take into consideration only the broken-sym=
metry diagrams (Fig. 1). The conventional
terms do not lead to & mass in this approxi-
mation if gauge Invariance is carefully main=
talned. One evaluates directly

0 =Retele o F-la g a0 R (@)

Here we have used for the propagator of ¢,
the value [i/(27)%)/"; the fact that the re-
normalization consiant i8 1 ig consistenl with
aur :.ppu'nzimatim'l..’ We then note that Eq. (2
both maintains gauge invariance mm.'?u =0}
and causes the A " field to acquire a mass

u =t (3}

We have not yet constructed a proaf in arhi-
trary order; howewver, the similar appearance of
higher order graphs leads one to surmise the
general truth of the theorem.

Consider now, ingeneral, a sel of bodon-field
operators @y (which we may always choose to be
Hermitian) and the associated Yang-Mills ficld
Ag - The Lagrangian is invariant under the
transfor mation*®

By =Ly A% o A" B

L I L AR N )

where gy, are the structure constants of a com-
pact Lie group and T, 45 the antisymmetric
generatora of the group in the representation de-
fined by the ¢g.

Suppose that in the vacuum g+ 0 for some
B, Then the propagater of a!,ETa,AB'WA

m ‘-'V-\b___,_n{:;v
[a 1)

FIG. 1. Broken-symmetry diegram lesding o a
mass for tha gauge Meld, Short-dashed line, {w,);
long-dashed ling, ¥ propagator; wavy line, propa-
gntor. in) = izvitielyy  Ce (e <2 tie ey 0, S0
ke

W

a2

sl is, in the lowest order,

[ ! ] T ab s’ Ty ap e
Ll ]
2oy B o i
[ Tt
L P -

With A the coupling constant of the Yang-Mills
lield, the same caleulation as before yields

@ 4 2
n, il= —i{28) & t{w}TaTn{cp:l]
=le -q wuﬁrzl.
[
giving a value for the mass

I ;- - T T (. 1]

[2) Consider the interaction Hamiltonian
B -#v#ysﬁﬂu—eﬁyhmu, {7

where A and B are vector and peeudovector
gauge fields, The vector field causes attraction
whereas the pseudovector leads Lo repulsion be-
tween particle and antiparticle. For a soitable
cholce of € and n there exists, as in Johnson's
model,' a broken-symmetry solution correspond-
ing to an arbitrary mass m for the § fleld fixing
the scale of the problem. Thus the lermion
propagator ${p) is

=M p) =y -E(p) = op[1=E0pH]-Z, (0%, (B}
with
E,(p% 20
and
m1=Elm® |-z, im¥ =0,

We define the gauage-invariant current JM" by
ugirg Johnson's method':

J = aplimir "
u n;ﬂ;ifﬂmrﬂr&ﬁr},

vix)=expl=i [7_nB (yay*y ). (9]

This gives for the polarization tensor of the
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pseudovector field
FrPRT N _1 T
10 =i e [ Triste-dar, glp-daip + b0

w8l f+ 'Er;]'r'“?ﬁ

-S{p}[a-S‘l{p].-"apul‘?tﬁﬁ‘.—'u}d‘.b. {10)

where the vertex function I‘p5=yt__y5+ﬁy5 satis-
fies the Ward identity”

a,Aelp -3qi b+ ) = “ip—irﬂyr y52£p+ ), (11}

which for low g reads

T e
*E{qwu}{vlﬂlllazzﬂp’ﬁyﬁ. {12)

The singularity in the longitudinal [ e vertex
due to the broken-symmetry term 2Z,y, in the
Ward identity leads to a nonvanishing gauge-
invariant 11 Jw"fq} in the limit g — 0, while the
usual spurlous “photon mags” drops because of
the second term in (10). The mass of the pseudo-
vector [teld 1s roughly o°m® as can be checked by
inserting into (10) the lowest approximation for
I,5 consistant with the Ward identity.

Thus, in this case the general feature of the
phenomenclegical boson system survives. We
would like to emphasize that here the symmetry
is broken through the gauge fields themselves.
One might hope that such a feature is quite gen-
eral and is possibly instrumental in the realiza-
tion of Sakural’s program.®

(3) We present below a simple argument which
indicates why the gauge vector field need not
have zero mass in the presence of broken sym-
metry. Let us recall that these fields were in-

troduced in the first place in order to extend the
symmetry group to transformations which were
different at various space-time points. Thus one
expects that when the group transformations be-
come homogeneous in space-time, that is g=10,
no dynamical manifestation of these fields should
appear. This means that it should cost no energy
to create a Yang-Mills quantum at g =0 and thus
the mass is zero., However, U we break gauge
invariance of the first kind and still maintain
gauge invariance of the second kind this reason-
ing is obvicusly incorrect. Indeed, in Fig. 1,
one sees that the A | propagator connects to in-
termediate states, which are “rotated”™ vacua.
This is seen most clearly by writing {w,) = {[@w. [
where @ is the group generator. This effect can-
not vanish in the limit -0,
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Recently a nomber of %nple have digcussed
the Goldstone theorem 1,25 that any solution of a
Loreatz-invariant theory which violates an inter-
nal symmetry oparation of that theory must con-
tain a massless acalar particle. Klein and Lee 3
showed that this theorem does not necessarlly ap-
ply in non-relativistic theories ard implied that
teelr considerations would apply equally well to
Lorentz-invariant field theorics. Gilbert 4}, how=

wlad, ,92(.«} which 18 wvariant under the prase
trans{ormation

L B I ] Bin .
(1)

Jg -==gp Bln @ +OpcCOB Y .
Then there is a congerved current u such that

i[J a3 joa), ©y03) = ey} @

We assume that the Lagrangian is such that sym-
metry is broken by the nonvaniehing of the vacuuem
expectation value of 3. Goldstone's theorem is
proved by showing that the Fourier transform of
Vi, tx), wi(3] containe 3 term
- ﬁbnhuﬂﬂezi, where &, is the momentum,
as a consequence of Lorentz-covariunce, the con-
servation law and T] (2).
Kieln and Lee V) avuided this result in the non-
retativiatic case by showing that the most general
fornt of this Fourler transform ie now, in Gilbert's
notat!oa,

FT. =k, 00 nk) o, g (82, nk)+ Cqn, 85(4) ,

where n,, waich may be taken as {1, 0, 0, 0}, @
pleks out a special Lorentz frame. The conver-
saiion law then reduces eq. (3) to the less general
form

F.T. = by 800y (nk) + (120 - b (mi))ng (2, nk)

+Cyn, 33 (4) . )

It turns out, on applying eq. {2), that all three
terms in ogq. (4) can contribute to ‘©3,. Thus the
Goldstone theorem futls if iy = U, which 16 pos-
aible only if the other terms exist. Gilbert's re-
maik that no special timelike vector n ; 18 avail-
able in a Lorentz-covariant theory appears to rule
out this posslbility in such a theory.

Ihere is however a class of relativiatic fleld
theories in which a vector n, does indeed play a
part. This I8 the class of gauge theorles, where

an auxiliary unit timelike vector ny, must be in-

ever, gave a proof that the fatlure of the Goldatone
theorem in the nonrolitivistic case 14 of o type
which cannot exist when Lorentz Invariance is lm-
posed on u theory., The purpose of this nute is to
show that Gilbert's argument falls lor an impor-
tant class of fleld theories, that in which the con-
served currents are coupled to gauge flelds.
Following the procedure used by Gilbert ‘}, let
ug consider a theory of two hermitian scalar fields

troduced in order to define a radiation gauge in
whitch the vector gauge fields ar= well deiined
aperatnri. Such theories are nevertheless Lo-
rentz-covariant, as has been shown by
Schwinger 5). (This has, of course, long been
known of the simplest such theory, quantum elec-
trodynamics.) There seems to ke no reason why
the vector u should not appeur in the Fourier
transform under consideration.

It ls characteristic of gauge theories that the
conservation laws hold in the strong sense, as a
consequence of field equations of the form

W= 3 Fruv,

Fu =3, A0 -2,A". (5)
Except in the case of abelian gauge theories, the
fields A", F,,,* are not simply the gauge field
variables A,, F,,, but contain add:tional terms
with combinations of the structure constants of
the group as coefficierts. Now the structure of
the Fourler tranaform of i{[A ' (x), ©§{»)]> must
be given by eq. (3). Applying eq. (5) to this com-
mutator gives us as the Fourier transform of
i{gu(x}, w1{y)]: the single term
[k2n), -k, (n%)] p(k2, nk). We have thus exorcised
both Goldsiune's zerc- mass bosons and the
"spurion’ state (at kH = 0) proposed by Klein
and Lee.

In 2 subsequent note it will be shown, by con-
gidering some classical field theories which dis-
play broken symmetries, that the introduction of
gauge flelds may be expected to produce gualita-
tive changes in the nature of the particles de-
scribed by such theories after quantization.
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In a recent node' it was shawn that the Golbd -
stone theorem,” that Lorentz-covarian Tlald
thenries in which spontansosus breakdown of
symmetry ander an internal Lie group cocurs
conbain zero-mass particles, falls o and anly i
the conserved currents associated with the in-
Lernal group are coupled to gauge fields. The
purpose of the pregent nole §8 [0 report that,
as a consequence of this coupling, the spin-cne
quanta of some of the gauge fields acquire mass;
the lengitedingl degress of freedom of these par-
ticles {which would be absent If thelr mass were
zpera) go sver into the Goldstone bosong when the
caupling tends to zero. This phenomenon is just
the Falativistic analog of the plasmaon phename-
min Lo which Anderson” has deawn atbentlon:
theat the 2calar sero-mass excifations of 3 super-
conducting nevtral Fermi gas become longitudl-
nal plasmon modes of finite mass when the gas
15 charged,

The simplest theory which exhibits this be-
havior is a gauge-invariant vergion of a model
used by Gobdstone® himself: Two real® scalar
{ields Wy ¥y ARd B real vector field A  inderact
through the Lagrangian density

L== il;l?gli'lz—-;l: Eq-!fg

. X 2 I
—l-'[l.pl *-.12 :'—{.F'_”.F , (1
where

v

=8 &
o™ "q-l—-ﬁ'-d.“t?zr

TFME=3H-§I+3A#¢I!I
F =84 34 ,
(S HoE ¥ U

@ 15 a diménsionless coupling conslant, and the
metrle is taken &8 —+++. L @8 invariant under
simullareous gaoge transformations of the first
kind om @ tégy and of the second kied on A o

Let us suppose that ¥ =0, ¥ {e® =05 then
spontaneaws beeakdown of U1} s¥mmetry oocurs,
Consider the equations [derived from (1) by
treatlng Ay, ey, and A as small quantities|
governing the propagation of small oscillations

about he "vacuim™ solutlon @, k] =0, pule) = g

K ¥ -
a {ehl.:mj:l—eun..-! u] a, (3al

(26t b

aup”” - wﬂ{ﬁ”lﬂwll—e A b (2

[P 4oV oM awg) =0,

Equatlon (2b) describes waves whose quanta have
{vare] mass 2|Vl Y™ Bos. (2a) and (2c]
may be transformed, by the introdoction of new

warlables
A - -1
ﬂ“ AJ-I- {f-;uln'l ﬂh[nu-'l].
G =B B -BH =F 2y
FTE N I I T e
inta the form
2 2
a BYa0, 8 6" iy “BY 0. 4)
I ¥ [}

Equatian {4} describes veetor waves whose quanta
have (bare) mags ey, In the absence of the gauge
field couwpling (2 =0} the situation is quite differs
ent: Bguatbons (2x) and {2c] deseribs 2oro- mass
gcalar amd veclor boaons, :I'E‘E-lilt".‘.‘l:l'.'ﬂ‘t:.l. In pass-
ing, we note that the right-hand side of {2c] is
Jast thie linear approximation o the conserved
eurrent: It i= linear in the wector :p'l:ll.erﬂ.lll.
gauge invariance being maintained by the pres-
ence of the gradient term.®

When one conslders thearatical models in
which spontaneous breakdouws of symmelry uider
i semlaimple group ceeurs, one encounters a
variety of possible sibuations corresponding to
the various distinet iereducible representations
to which the sealar fields may belong: the gauge
field always belongs to the adjoint representa-
tion.* The model of the most immediate Inter-
est L5 that In which the scalar [elds [orm an
cotet under BUZN Here one finds the possibil-
ity of two nonvanishing vacusm expectation val-
wes, which may be chosen to be the teo V=0,
L, =0 membars of the octet,” There are twoe
massive egalar boeens with just these quantum
rumbers; the remaining six components of the
pralar octet combine with the correspomding
components af the gauge=fleld octet 1o describe
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massive vector bosons. There are two /=3
vector doublets, degenerate in mass between

¥ =+1 but with an electromagnetic mass split-
ting between I, =+3, and the [, =+1 components
of a ¥=0, I'=1 triplet whose mass is entirely
electromagnetic. The two Y =0, I=0 gauge
fields remain massless: This is associated
with the residual unbroken symmetry under the
Abelian group generated by ¥ and I;. It may be
expected that when a further mechanism (pre-
sumably related to the weak interactions) is in-

troduced in order to break Y conservation, one
of these gauge fields will acquire mass, leaving
the photon as the only massless vector particle.
A detailed discussion of these questions will be
presented elsewhere.

It is worth noting that an essential feature of
the type of theory which has been described in
this note is the prediction of incomplete multi-
plets of scalar and vector bosons.® It is to be
expected that this feature will appear also in
theories in which the symmetry-breaking scalar
fields are not elementary dynamic variables but
bilinear combinations of Fermi fields.®

lp, w. Higegs, to be published.
®J. Goldstone, Nuovo Cimento 19, 154 (1961);

J. Goldstone, A. Salam, and 5. Weinberg, Phys. Rev.

127, 965 (1962),
P. W. Anderson, Phys. Rev. 130, 439 (1963).

In the present note the model is discussed mainly in
classical terms; nothing is proved about the quantized
theory. It should be understood, therefore, that the
conclusions which are presented concerning the masses
of particles are conjectures based on the quantization
of linearized classical field eguations. However, es-
gentially the same conclusions have been reached in-
dependently by F. Englert and R. Brout, Phys. Rev,
Letters 13, 321 (1964): These authors discuss the
same model guantum mechanically in lowest order
perturbation theory about the self-consistent vacuum,

*In the theory of superconductivity such a term arises
from collective excitations of the Fermi gas.

fsee, for example, S, L. Glashow and M. Gell-Mann,
Ann, Phys, (N,Y,) 15, 437 (1961).

"These are just the parameters which, if the scalar
octet interacts with baryons and mesons, lead to the
Gell-Mann—0kubo and electromagnetic mass splittings:
See 3. Coleman and 8. L. Glashow, Phys. Rev. 134,
B6T1 (1964).

¥Tentative proposals that incomplete SU(3) octets of
scalar particles exist have been made by a number of
people. Such a rble, as an isolated ¥ =41, 1 =-1= state,
was proposed for the Kk meson (725 MeV) by Y. Nambu
and J. J. Sakural, Phys. Rev. Letters 11, 42 (1963}).
More recently the possibility that the o meson (3835
MeV) may be the ¥ =I1=0 member of an incomplete
octet has been considered by L. M. Brown, Phys. Rev.
Letters 13, 42 (1964).

*In the theory of superconductivity the scalar fields
are associated with fermion pairs; the doubly charged
excitation responsible for the guantization of mag-
netic flux is then the surviving member of a U(l) doub-
let.
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The LOI’s of ATLAS,CMS and L3P
B.Mansoulié et al. ATL-CAL-92-008

Study of the rejection of pi-zeros by a cold preshower behind, the coil and
cryostat (Dice-A): rapidity dependance, noise dependance
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CMS-PAS-EGM-10-005
Photon reconstruction and identification at sqrt(s) = 7 TeV

CMS-PAS-EGM-10-006
Isolated Photon Reconstruction and Identification at Vs = 7 TeV

CMS-PAS-HIG-11-010
Search for a Higgs boson decaying into two photons in the CMS detector ( 1 fb-1
8 categories : pT - converted, non-converted - Barrel, End-Cap)

CMS-PAS-HIG-11-011
SM Higgs Combination ( 1 fb-1)

CMS-PAS-HIG-11-022
Combination of Higgs Searches ( 1.7 fb-1)

CMS-PAS-HIG-11-021
Search for a Higgs boson decaying into two photons in the CMS detector ( 1.7 fb-1)

CMS-PAS-HIG-11-023
Combined Standard Model Higgs boson searches with up to 2.3 inverse
femtobarns of pp collision data at sqrt(s)=7 TeV at the LHC ( ATLAS + CMS)
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CMS-PAS-HIG-11-030
Search for a Higgs boson decaying into two photons in the CMS detector ( 5 fb-1
4 categories : converted , non converted - Barrel , Endcap , local significance of 2.3 o)

CMS-PAS-HIG-11-032
Combination of SM Higgs Searches ( 5 fb-1)

Phys.Lett. B710 (2012) 26-48
Combined results of searches for the standard model Higgs boson in pp collisions
at Vs =7 TeV

Phys.Lett. B710 (2012) 403-425
Search for the standard model Higgs boson decaying into two photons in pp collisions
at \s =7 TeV (5 categories , in addition dijet & la VBF , local significance of 3.1 o)
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CMS-PAS-HIG-12-001

A search using multivariate techniques for a standard model Higgs boson

decaying into two photons ( 7 TeV, MVA , local significance of 2.9 o , 5 categories : 4 from
BDT and a dijet one a la VBF)

CMS-PAS-HIG-12-008
Combination of SM, SM4, FP Higgs boson searches ( like 12-001 ,
7 TeV , excludes fermiophobic )

CMS-PAS-HIG-12-002

Search for the fermiophobic model Higgs boson decaying into two photons
( 7 categories : 4 from converted, non converted — barrel , endcap

a dijet tag a la VBF , an electron tag one and a muon tag one )

JHEP 1209 (2012) 111

Search for a fermiophobic Higgs boson in pp collisions at \s =7 TeV
(yy like 12-002, ZZ,WW)
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CMS-PAS-HIG-12-015

Evidence for a new state decaying into two photons in the search for the standard model
Higgs boson in pp collisions ( local significance = 4.1 o, 5 categories at 7 TeV , 6 at

8 TeV,4 by BDT at 7 and 8 TeV, 1 additional dijet

category at 7 TeV, 2 additional dijet categories at 8 TeV)

CMS-PAS-HIG-12-020
Observation of a new boson with a mass near 125 GeV

CMS-PAS-HIG-12-022
Higgs to gamma gamma, Fermiophobic ( 5+ 5 fb-1
2011 : 7 categories like in JHEP 1209 (2012) 111
2012 : 9 categories : converted, unconverted —
Barrel-Endcap , 2 dijet categories, 1 e category , 1 u category and 1 Etmiss category )

Phys.Lett. B716 (2012) 30-61
Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC
(uses 12-015 for yy mH comb =125.3 #.4 +.5GeV)
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CMS-PAS-HIG-12-045

Combination of standard model Higgs boson searches and measurements of the properties
of the new boson with a mass near 125 GeV (5 + 13 fb-1 , but H—>yy 5 + 5 fb-1 uses
Phys.Lett. B716 (2012) 30-61)

CMS-PAS-HIG-12-049
Search for a Light Higgs boson in the Z boson plus a Photon Decay Channel (5 + 5 fb-1)

Phys.Lett. B725 (2013) 36-59
Searches for Higgs bosons in pp collisions at sgrt(s) = 7 and 8 TeV in the context of
four-generation and fermiophobic models ( yy like in Phys.Lett. B716 (2012) 30-61 5 + 5 fb-1)

CMS-PAS-HIG-13-006
Search for the standard model Higgs boson in the Z boson plus a photon channel in pp
collisions at Vs = 7 and 8 TeV (5 + 20 fb-1)

JHEP 06 (2013) 081
Observation of a new boson with mass near 125 GeV in pp collisions at sqrt(s) = 7 and 8 TeV
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CMS-PAS-HIG-13-001

Updated measurements of the Higgs boson at 125 GeV in the two photon decay channel
(320 mH=1254+.5 +.6 GeV

MVA analysis : 5 categoriesat 7 TeV, 9 at 8 TeV,

4 by BDT at 7 and 8 TeV , 1 additional dijet category at 7 TeV

2 additional dijet categories , 1 muon-tag, 1 e-tag and 1 Etmiss tag at 8 TeV

There is also a cut-based analysis described )

CMS-PAS-HIG-13-005
Combination of standard model Higgs boson searches and measurements of the properties of
the new boson with a mass near 125 GeV ( yy uses 13-001 , mH comb = 125.7 #.3 #.3 GeV )

CMS-PAS-HIG-13-015
Search for ttH production in events where H decays to photons at 8 TeV collisions
( 2 analysis : 2 top hadronic

1 hadronic and 1 leptonic)
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arXiv:1306.2016
Energy calibration and resolution of the CMS electromagnetic calorimeter in pp
collisions at Vs =7 TeV

CMS-PAS-HIG-13-016

Properties of the observed Higgs-like resonance using the diphoton channel S

( like 13-001 . natural width and second Higgs scenario uses MVA analysis , spin uses
cut based analysis)

arXiv:1307.5515
Search for a Higgs boson decaying into a Z and a photon in pp collisions at Vs =7 and 8 TeV
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Lampl, W ; Laplace, S; Lelas, D ; Loch, P; Ma, H ; Menke, S ;
Rajagopalan, S ; Rousseau, D ; Snyder, S ; Unal, G

ATL-LARG-PUB-2008-002

Calorimeter Clustering Algorithms : Description and Performance

Lyon 28-29 oct 13 275



ATLAS-CONF-2011-004

Measurement of the backgrounds to the Higgs To gammagamma search and reappraisal of
its sensitivity with 37 pb-1 of data recorded by the ATLAS detector

ATLAS-CONF-2011-025

Search for the Higgs boson in the diphoton final state with 38 ipb of data recorded by the
ATLAS detector in proton-proton collisions at sqrt(s)=7 TeV  PCL

ATL-PHYS-PUB-2011-007
Expected photon performance in the ATLAS experiment

Lyon 28-29 oct 13 276



ATLAS-CONF-2011-085
Search for the Higgs Boson in the Diphoton Channel with the ATLAS Detector
using 209 pb-1 of 7 TeV Data taken in 2011 PCL

Eur.Phys.J. C71 (2011) 1728
Limits on the production of the Standard Model Higgs Boson in pp collisions at Vs =7 TeV
with the ATLAS detector 15t combination H 40 pb!

ATLAS-CONF-2011-112
Combined Standard Model Higgs Boson Searches in pp Collisions at sqrt(s) = 7 TeV
with the ATLAS Experiment at the LHC ( 1 fb-1)

ATLAS-CONF-2011-135

Update of the Combination of Higgs Boson Searches in 1.0 to 2.3 fb—1 of pp Collisions
Data Taken at Vs = 7 TeV with the ATLAS Experiment at the LHC
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Phys.Lett. B705 (2011) 452-470
Search for the Standard Model Higgs boson in the two photon decay channel with the
ATLAS detector at the LHC (1 fb?)

ATLAS-CONF-2011-149
Search for a fermiophobic Higgs boson in the diphoton channel with the ATLAS detector
(1fbl, pT categories)

ATLAS-CONF-2011-157
Combined Standard Model Higgs boson searches with up to 2.3 fb-1 of pp
collision data at sqrt{s} = 7 TeV at the LHC (ATLAS+CMYS)

ATLAS-CONF-2011-161

Search for the Standard Model Higgs boson in
the diphoton decay channel with 4.9 fb-1 of |
ATLAS data at sqrt(s)=7 TeV ( PTt and conversion categories : 9 categories
local significance = 2.8 o)

ATLAS-CONF-2011-163
Combination of Higgs Boson Searches with up to 4.9 fb-1 of pp Collision Data
Taken at sqrt(s)=7 TeV with the ATLAS Experiment at the LHC

Lyon 28-29 oct 13



Phys.Lett. B710 (2012) 49-66
Combined search for the Standard Model Higgs boson using up to 4.9 fb —1 of pp
collision data at Vs =7 TeV with the ATLAS detector at the LHC

Phys.Rev.Lett. 108 (2012) 111803
Search for the Standard Model Higgs boson in the diphoton decay channel with 4.9
fb—1 of pp collisions at Vs =7 TeV with ATLAS ( local significance = 2.8 &)

ATLAS-CONF-2012-013
Search for a fermiophobic Higgs boson in the diphoton decay channel with 4.9/fb of
ATLAS data at sqrt(s)= 7 TeVV (using 9 categories)

ATLAS-CONF-2012-019
An update to the combined search for the Standard Model Higgs boson with the
ATLAS detector at the LHC using up to 4.9 fb—1 of pp collision data at Vs = 7 TeV

Eur.Phys.J. C72 (2012) 2157
Search for a fermiophobic Higgs boson in the diphoton decay channel with the
ATLAS detector ( 5 fb-1)
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ATLAS-CONF-2012-048
Performance of the ATLAS Electron and Photon Trigger in p-p Collisions
at sqrt{s} =7 TeV in 2011

Phys.Rev. D86 (2012) 032003 arXiv:1207.0319

Combined search for the Standard Model Higgs boson in pp collisions
at sqrt(s) = 7 TeV with the ATLAS detector ( 5 fb-1)
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ATLAS-CONF-2012-091

Observation of an excess of events in the search for the Standard Model Higgs boson in
the gamma-gamma channel with the ATLAS detector ( 10 categories , including a
2 jet—alaVBF —-one, 5 (2011) + 6 (2012) fb-! local significance = 4.5 o)

ATLAS-CONF-2012-093

Observation of an Excess of Events in the Search for the Standard Model Higgs boson
with the ATLAS detector at the LHC ( WW only 2011 )

Phys.Lett. B716 (2012) 1-29

Observation of a new particle in the search for the Standard Model
Higgs boson with the ATLAS detector at the LHC (with WW 2012
mH comb =126.0 #.4 +.4 GeV)

ATLAS-CONF-2012-123

Measurements of the photon identification efficiency with the ATLAS detector
using 4.9 fb—1 of pp collision data collected in 2011
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ATLAS-CONF-2012-127

Coupling properties of the new Higgs-like boson observed with the ATLAS detector
at the LHC ( 5+6 fb1)

ATLAS-CONF-2012-162
Updated ATLAS results on the signal strength of the Higgs-like boson for decays into
WW and heavy fermion final states ( includes 13fbt of 2012 except yy 5+6 fb!)

ATLAS-CONF-2012-168

Observation and study of the Higgs boson candidate in the two photon decay channel

with the ATLAS detector at the LHC ( mH = 126.6 +.3 #.7 GeV local significance = 6.1 o
5+ 13 fb! 12 categories in 2012 with two 2-jet categories and a one-lepton category )

ATLAS-CONF-2012-170
An update of combined measurements of the new Higgs-like boson with high mass
resolution channels ( mH comb =125.2 +.3 .6 GeV 5+13 fb1)

ATLAS-CONF-2013-009
Search for the Standard Model Higgs boson in the H — Zy decay mode with pp collisions
at Vs =7 and 8 TeV ( 5+ 20 fb2)
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ATLAS-CONF-2013-012

Measurements of the properties of the Higgs-like boson in the two photon decay

channel with the ATLAS detector using 25 fb—1 of proton-proton collision data S

( 14 categories including two 2-jet high mass , one 2-jet low mass , lepton , ETmiss
local significance =7.4 o , mH=126.8 +.2 +.7 GeV)

ATLAS-CONF-2013-014

Combined measurements of the mass and signal strength of the Higgs-like boson with
the ATLAS detector using up to 25 fb-1 of proton-proton collision data

(mH comb=125.5 £2 *> _, GeV)

ATLAS-CONF-2013-029
Study of the spin of the Higgs-like boson in the two photon decay channel using
20.7 tb-1 of pp collisions collected at sqrt(s) = 8 TeV with the ATLAS detector

ATLAS-CONF-2013-034
Combined coupling measurements of the Higgs-like boson with the ATLAS
detector using up to 25 fb-1 of proton-proton collision data ( 10 o)

ATLAS-CONF-2013-040
Study of the spin of the new boson with up to 25 fb—1 of ATLAS data S
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Phys.Lett. B726 (2013) 88-119 arXiv:1307.1427

Measurements of Higgs boson production and couplings in diboson final states
with the ATLAS detector at the LHC
https://atlas.web.cern.ch/AtlassfGROUPS/PHY SICS/PAPERS/HIGG-2013-02/

Phys.Lett. B726 (2013) 120-144 arXiv:1307.1432
Evidence for the spin-0 nature of the Higgs boson using ATLAS data S
https://atlas.web.cern.ch/AtlassfGROUPS/PHY SICS/PAPERS/HIGG-2013-01/

ATLAS-CONF-2013-072
Differential cross sections of the Higgs boson measured in the diphoton decay channel
with the ATLAS detector using 8 TeV proton-proton collision data

ATLAS-CONF-2013-080
Search for ttH production in the H — yy channel at Vs = 8 TeV with the ATLAS detector

ATLAS-CONF-2013-081
Search for flavour changing neutral currents in top quark decays t—cH, with H—yy,
and limit on the tcH coupling with the ATLAS detector at the LHC
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PAS HIG-11-004
Search for a Standard Model Higgs boson produced in the decay channel 41 ( 1 fb-1)

PAS HIG-11-015
Search for a Standard Model Higgs boson produced in the decay channel 41 ( 1.7 fb-1)

PAS HIG-11-025
Search for a Higgs boson produced in the decay channel 41 ( 5 fb-1)

Phys.Rev.Lett. 108 (2012) 111804 arXiv:1202.1997

Search for the standard model Higgs boson in the decay channel H to ZZ
to 4 leptons in pp collisions at sqrt(s) = 7 TeV (5 fb-1)
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PAS HIG-12-016
Evidence for a new state in the search for the standard model Higgs boson in the
H to ZZ to 4 leptons channel in pp collisions at sqrt(s) = 7 and 8 TeV ( 5 fb-1)

PAS HIG-12-041

Updated results on the new boson discovered in the search for the standard model
Higgs boson in the ZZ to 4 leptons channel in pp collisions at
sqrt(s) =7 and 8 TeV (5 + 12 fb-1)

Phys.Rev.Lett. 110 (2013) 081803 arXiv:1212.6639
On the mass and spin-parity of the Higgs boson candidate via its decays to Z boson pairs
(5+ 12 fb-1)

PAS HI1G-13-002

Properties of the Higgs-like boson in the decay H to ZZ to 4l in pp collisions at
sqrts =7 and 8 TeV (5 + 20 fb-1)
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ATLAS-CONF-2011-048
Search for the Standard Model Higgs boson in the decay channel H->ZZ*->4[ with
40 pb-1 of pp collisions at sqrt(s)= 7 TeV

ATLAS-CONF-2011-131
Search for the Standard Model Higgs boson in the decay channel
H to ZZ to Illl with the ATLAS detector ( 1 fb-1)

Phys.Lett. B705 (2011) 435-451 arXiv:1109.5945
Search for the Standard Model Higgs boson in the decay channel
H->ZZ(*)->41 with the ATLAS detector ( 2 fb-1)

ATLAS-CONF-2011-162
Search for the Standard Model Higgs boson in the decay channel H->ZZ*->4ll with
4.8 fb-1 of pp collisions at sqrt{s} = 7 TeV

Phys.Lett. B710 (2012) 383-402 arXiv:1202.1415

Search for the Standard Model Higgs boson in the decay channel H->ZZ(*)->41 with
4.8 fb-1 of pp collisions at sqrt(s)=7 TeV with ATLAS
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ATLAS-CONF-2012-092

Observation of an excess of events in the search for the Standard Model Higgs boson in the
H-> ZZ(*) -> 4l channel with the ATLAS detector ( 5 + 6 fb-1)

ATLAS-CONF-2012-169
Updated results and measurements of properties of the new Higgs-like
particle in the four lepton decay channel with the ATLAS detector (5 + 13 fb-1)

ATLAS-CONF-2013-013

Measurements of the properties of the Higgs-like boson in the four lepton decay channel
with the ATLAS detector using 25 fb-1 of proton-proton collision data
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PAS HIG-11-013
Study of the Higgs to ZZ to 2| + 2 tau final state with CMS detector ( 1 fb-1)

PAS HIG-11-028
Study of the Higgs to ZZ to 2| + 2 tau final state with CMS detector ( 5 fb-1)

JHEP 1203 (2012) 081 arXiv:1202.3617

Search for the standard model Higgs boson in the H to ZZ to Il tau tau decay channel
in pp collisions at sqrt(s)=7 TeV (5 fb-1)
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PAS HIG-11-005
Hto ZZ to 212nu ( 1 fb-1)

PAS HIG-11-016
HtoZZto 212nu (1.7 fb-1)

HI1G-11-026
Hto ZZ to 21 2nu ( 5 fb-1)

JHEP 1203 (2012) 040 arXiv:1202.3478
Search for the standard model Higgs boson in the H to ZZ to 21 2nu channel in pp
collisions at sqrt(s) =7 TeV (5 fb-1)

PAS HIG-12-023
Higgsto ZZ to 2l 2nuat 7 and 8 TeV (5 + 5 fb-1)
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PAS HIG-13-014
Search for a heavy Higgs boson in the H to ZZ to 2I12nu channel in pp collisions
at sqrt(s)=7 and 8 TeV (5 + 20 fb-1)
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ATLAS-CONF-2011-026

Search for a Standard Model Higgs Boson in the Mass Range

200-600 GeV in the Channels H -> ZZ -> lInunu and H -> ZZ -> llqq with
the ATLAS Detector (36 pb-1)

Phys.Rev.Lett. 107 (2011) 221802 arXiv:1109.3357
Search for a Standard Model Higgs boson in the H->ZZ->lInunu decay
channel with the ATLAS detector ( 1 fb-1)

ATLAS-CONF-2011-148
Search for a Standard Model Higgs boson in the H -> ZZ -> lInunu decay channel with
2.05 fb-1 of ATLAS data

ATLAS-CONF-2012-016
Search for a Standard Model Higgs boson in the H -> ZZ -> lInunu decay channel using
4.7 fb-1 of sgrt(s) = 7 TeV data with the ATLAS Detector

Phys.Lett. B717 (2012) 29-48 arXiv:1205.6744
Search for a Standard Model Higgs boson in the H -> ZZ -> lInunu decay channel using
4.7 tb-1 of sqrt(s) = 7 TeV data with the ATLAS detector
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PAS HIG-11-006
Search for the standard model Higgs Boson in the decay channel H to ZZ to llqg at CMS
(1fb-1)

PAS HIG-11-017
Search for the standard model Higgs Boson in the decay channel H to ZZ to llqg at CMS
(1.6 fb-1)

PAS HIG-11-027
Search for the standard model Higgs Boson in the decay channel H to ZZ(*) to
g gbar I-1+ at CMS (5 fb-1)

JHEP 1204 (2012) 036 arXiv:1202.1416
Search for a Higgs boson in the decay channel H to ZZ(*) to g gbar -1+
in pp collisions at sgrt(s) =7 TeV (5 fb-1)

PAS HIG-12-024

Search for a standard model like Higgs boson in the H -> ZZ -> 212q decay channel at
sqrts=8 TeV ( 20 fb-1)
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ATLAS-CONF-2011-026

Search for a Standard Model Higgs Boson in the Mass Range

200-600 GeV in the Channels H -> ZZ -> lInunu and H -> ZZ -> llqq with
the ATLAS Detector (36 pb-1)

Phys.Lett. B707 (2012) 27-45 arXiv:1108.5064
Search for a heavy Standard Model Higgs boson in the channel
H->ZZ->1lqq using the ATLAS detector ( 1 fb-1)

ATLAS-CONF-2011-150
Search for a Standard Model Higgs Boson in the mass range 200-600 GeV in the
channel H -> ZZ -> llqq using the ATLAS Detector ( 2 fb-1)

ATLAS-CONF-2012-017
Search for a Standard Model Higgs boson in the mass range 200--600 GeV in the
H->ZZ->1lqq decay channel with the ATLAS Detector ( 7 TeV 5 fb-1)

Phys.Lett. B717 (2012) 70-88 arXiv:1206.2443
Search for a Standard Model Higgs boson in the mass range 200-600 GeV in
the H->ZZ->llqq decay channel (5 fb-1)
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Phys.Lett.B699:25-47,2011 arXiv:1102.5429
Measurement of W+W- Production and Search for the Higgs Boson in pp
Collisions at sqrt(s) =7 TeV (36 pb-1)

PAS HIG-11-003
Search for the Higgs Boson in the Fully Leptonic W+ W- Final State ( 1 fb-1)

PAS HIG-11-014
Search for the Higgs Boson in the Fully Leptonic W+W- Final State (1.5 fb-1)

PAS HIG-11-024
Search for the Higgs Boson in the Fully Leptonic W+W- Final State ( 5 fb-1)

Phys.Lett. B710 (2012) 91-113 arXiv:1202.1489

Search for the standard model Higgs boson decaying to a W pair in the fully leptonic final
state in pp collisions at sqrt(s) = 7 TeV (5 fb-1)
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PAS HIG-12-014
VH with H->WW->Inulnu and V->jj at sqrt(s)=7 TeV (5 fb-1)

PAS HIG-12-017
Search for the standard model Higgs boson decaying to a W pair in the fully leptonic
final state in pp collisions at sgrt(s) =8 TeV (5 fb-1)

PAS HIG-12-038
Search for the standard model Higgs boson decaying to a W pair in the fully leptonic final
state in pp collisions at sqrt(s) =8 TeV ( 5 fb-1)

PAS HIG-12-039
Search for SM Higgs in WH to WWW to 3l 3nu ( 7 +8 TeV 5+5 fb-1)

PAS HIG-12-042

Evidence for a particle decaying to W+W- in the fully leptonic final state in a standard model
Higgs boson search in pp collisions at the LHC ( 8TeV 12 fb-1)
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PAS HIG-13-003
Evidence for a particle decaying to W+W:- in the fully leptonic final state in a standard
model Higgs boson search in pp collisions at the LHC (5 + 20 fb-1)

PAS HIG-13-009
Search for SM Higgs in WH to WWW to 31 3nu (5 + 20 fb-1)

PAS HIG-13-017
VH with H-> WW->Inulnu and V-> jj (5 + 20 fb-1)

PAS HIG-13-022

Update of the search for the Standard Model Higgs boson decaying
into WW in the vector boson fusion production channel (5 + 20 fb-1)
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ATLAS-CONF-2011-005

Higgs Boson Searches using the H -> WW(*)-> | nu | nu Decay Mode with the ATLAS
Detector at 7 TeV ( 36 pb-1)

ATLAS-CONF-2011-111

Search for the Standard Model Higgs boson in the H->WW?*->I nu | nu decay mode with
the ATLAS detector ( 1 fb-1)

ATLAS-CONF-2011-134
Search for the Standard Model Higgs boson in the H->WW->lInunu decay mode using
1.7 fb-1 of data collected with the ATLAS detector at sgrt(s)=7 TeV
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Phys.Rev.Lett. 108 (2012) 111802 arXiv:1112.2577
Search for the Higgs boson in the H->WW(*)->Ivlv decay channel in pp collisions
at sqrt{s} = 7 TeV with the ATLAS detector ( 2 fb-1)

ATLAS-CONF-2012-012
Search for the Standard Model Higgs boson in the H->WW(*)-> Inulnu decay mode
with 4.7 fb-1 of ATLAS data at sqrt(s) = 7 TeV

Phys.Lett. B716 (2012) 62-81 arXiv:1206.0756

Search for the Standard Model Higgs boson in the H -> WW(*) -> | nu | nu decay mode with
4.7 Itb of ATLAS data at sqrt(s) =7 TeV
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ATLAS-CONF-2012-060
Search for the Standard Model Higgs boson in the H->WW(*)->Ivlv decay mode using
Multivariate Techniques with 4.7 fb-1 of ATLAS data at sqrt{s}=7 TeV

ATLAS-CONF-2012-078
Search for the Higgs boson in the associated mode WH->WWW(*)->Inu Inu with the
ATLAS detector at sqrt{s}=7TeV (5 fb-1)

ATLAS-CONF-2012-098

Observation of an Excess of Events in the Search for the Standard Model Higgs Boson in the
H->WW!/(*)->Inulnu Channel with the ATLAS Detector ( 6 fb-1 8TeV ,ajouté aux
5fb-17 TeV)
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ATLAS-CONF-2013-027

Search for Higgs bosons in Two-Higgs-Doublet models in the H -> WW ->e nu p nu
channel with the ATLAS detector

ATLAS-CONF-2013-030
Measurements of the properties of the Higgs-like boson in the WW(*) -> Inu Inu decay
channel with the ATLAS detector using 25 fb-1 of proton-proton collision data

ATLAS-CONF-2013-031

Study of the spin properties of the Higgs-like boson in the H -> WW(*) -> enu pnu channel
with 21 fb-1 of Vs = 8 TeV data collected with the ATLAS detector
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ATLAS-CONF-2013-067
Search for a high-mass Higgs boson in the H->WW->Inulnu decay channel with the
ATLAS detector using 21 fb -1 of proton-proton collision data ( 8 TeV)

ATLAS-CONF-2013-075

Search for associated production of the Higgs boson in the WH->WWW(*)->Inulnulnu and
ZH->ZWW(*)->llInulnu channels with the ATLAS detector at the LHC

(8 Tev 20 fb-1 auxquels on ajoute 5 fb-1 de 7 TeV)
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PAS HIG-12-003
Search for the Standard Model Higgs boson in the H -> WW -> | nu jj decay channel ( 5 fb-1)

PAS HIG-12-021
Search for the Standard Model Higgs boson in the H to WW to lvjj decay channel
at 8 TeV (5 fb-1)

PAS HIG-12-046
Search for the Standard Model Higgs boson in the H to WW to Inujj decay channel in pp
collisions at the LHC (5+ 12 fb-1)

PAS HIG-13-008

Search for a Standard Model-like Higgs boson decaying into WW to | nu ggbar in
pp collisions at sqrt s =8 TeV ( 20 fb-1)
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ATLAS-CONF-2011-052
Search for Higgs Boson Production in pp Collisions at sgrt{s}=7 TeV using the
H->WW->lvqq Decay Channel and the ATLAS Detector ( 36 pb-1)

Phys.Rev.Lett. 107 (2011) 231801 arXiv:1109.3615
Search for the Higgs boson in the H->WW->|vjj decay channel in pp collisions at
sqrt{s} = 7 TeV with the ATLAS detector ( 1 fb-1)

ATLAS-CONF-2012-018
Search for the Higgs boson in the H->WW->lvjj decay channel using 4.7 fb-1 of pp
collisions at sqrt(s)= 7 TeV with the ATLAS detector

Phys.Lett. B718 (2012) 391-410 arXiv:1206.6074

Search for the Higgs boson in the H->WW->Inujj decay channel at sqrt(s) = 7 TeV with
the ATLAS detector (5 fb-1)
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PAS HIG-11-012
Search for Higgs Boson in VH Production with H to bb ( 1 fb-1)

PAS HIG-11-031
Search for Higgs Boson in VH Production with H to bb ( 5 fb-1)

Phys.Lett. B710 (2012) 284-306 arXiv:1202.4195
Search for the standard model Higgs boson decaying to bottom quarks
in pp collisions at sgrt(s)=7 TeV (VH, 5 fb-1)

PAS HIG-12-019

Search for the standard model Higgs boson produced in association with W or Z
bosons, and decaying to bottom quarks for ICHEP 2012 ( 5 + 5 fb-1)
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PAS HIG-12-025
Search for Higgs boson production in association with top quark pairs in pp collisions
(7 TeV 5fb-1)

PAS HIG-12-026
Search for a Higgs boson produced in association with b
quarks and decaying into a b-quark pair ( 7 TeV 4 fb-1)

PAS HIG-12-027

Search for SuperSymmetric Higgs boson states decaying into b b and produced in
association with b-quarks in events collected by semi-leptonic triggers in pp
collisions at sqrts = 7TeV ( 5 fb-1)

JINST 8 (2013) P04013 arXiv:1211.4462
Identification of b-quark jets with the CMS experiment

Phys.Lett. B722 (2013) 207-232 arXiv:1302.2892

Search for a Higgs boson decaying into a b-quark pair and produced in association with
b quarks in proton-proton collisionsat 7 TeV (5 fb-1)
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PAS HIG-12-044
Search for the standard model Higgs boson produced in association with W or Z
bosons, and decaying to bottom quarks for HCP 2012 ( 5+12 fb-1)

JHEP 1305 (2013) 145 arXiv:1303.0763
Search for the standard model Higgs boson produced in association with a
top-quark pair in pp collisions at the LHC (5 + 5 fb-1)

PAS HIG-13-011
Higgs to bb in the VBF channel ( 8 TeV 19 fb-1)

PAS HIG-13-012
Search for the standard model Higgs boson produced in association with W or Z bosons,
and decaying to bottom quarks for LHCp 2013 (5 + 19 fb-1)

arXiv:1310.3687

Search for the standard model Higgs boson produced in association with
a W or a Z boson and decaying to bottom quarks (5 + 19 fb-1)
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ATLAS-CONF-2011-103
Search for the Standard Model Higgs boson produced in association with a vector
boson and decaying to a b-quark pair with the ATLAS detector at the LHC ( 1 fb-1)

ATLAS-CONF-2012-015

Search for the Standard Model Higgs boson produced in association with a vector boson
and decaying to a b-quark pair using up to 4.7/fb of pp collision data at sqrt(s) = 7 TeV
with the ATLAS detector at the LHC

Phys.Lett. B718 (2012) 369-390 arXiv:1207.0210

Search for the Standard Model Higgs boson produced in association with a vector
boson and decaying to a b-quark pair with the ATLAS detector ( 5 fb-1)
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ATLAS-CONF-2012-135

Search for a Higgs boson produced in association with a top-quark pair
and decaying to b b in pp collisions at Vs = 7 TeV using the ATLAS
Detector ( 5 fb-1)

ATLAS-CONF-2012-161
Search for the Standard Model Higgs boson produced in association with a vector boson
and decaying to bottom quarks with the ATLAS detector ( 5+ 13 fb-1)

ATLAS-CONF-2013-079

Search for the bb decay of the Standard Model Higgs boson in associated W/ZH producti
on with the ATLAS detector ( 5 + 20 fb-1)
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PAS HIG-10-002
Search for Neutral Higgs Boson Production and Decay to Tau Pairs ( 36 pb-1)

Phys.Rev.Lett. 106 (2011) 231801 arXiv:1104.1619
Search for Neutral MSSM Higgs Bosons Decaying to Tau Pairs in pp Collisions
atsqrt(s)=7TeV (36 pb-1)

PAS HIG-11-009
Search for Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions at Vs=7 TeV ( 1 fb-1)

PAS HIG-11-020
Search for Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions at Vs=7 TeV ( 1.6 fb-1)

PAS HIG-11-029
Search for Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions at Vs=7 TeV (5 fb-1)
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PAS HIG-12-007
Search for Neutral Higgs Bosons Decaying into Tau Leptons in the Dimuon Channel
with CMS in pp Collisions at 7 TeV ( 5 fb-1)

Phys.Lett. B713 (2012) 68-90 arXiv:1202.4083
Search for neutral Higgs bosons decaying to tau pairs in pp collisions at sqrt(s)=7 TeV
(5 fb-1)

PAS HIG-12-018
Search for a standard model Higgs bosons decaying to tau pairs in pp collisions ( 5+5 fb-1)

PAS HIG-12-043
Higgs to tau tau (SM) (HCP) (5 + 12 fb-1)

PAS HIG-12-050

Search for MSSM Neutral Higgs Bosons Decaying to
Tau Pairs in pp Collisions (5 + 12 fb-1)
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PAS HIG-12-051
Search for the standard model Higgs boson decaying to tau pairs
produced in association with a W or Z boson (5 +12 fb-1)

PAS HIG-12-053
Search for the standard model Higgs boson decaying to tau pairs produced in
association with a W or Z boson (5 + 20 fb-1)

PAS HIG-13-004

Search for the Standard-Model Higgs boson decaying to tau pairs in proton-proton collisions
atsqrt(s) =7 and 8 TeV (5 + 20 fb-1)
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ATLAS-CONF-2011-024
Search for neutral MSSM Higgs bosons decaying to tau+tau- pairs in proton-proton
collisions at sqrt(s)=7 TeV with the ATLAS Experiment ( 36 pb-1)

Phys.Lett. B705 (2011) 174-192 arXiv:1107.5003
Search for neutral MSSM Higgs bosons decaying to tau+ tau- pairs in proton-proton
collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 36 pb-1)

ATLAS-CONF-2011-132
Search for neutral MSSM Higgs bosons decaying to tau+tau- pairs in proton-proton
collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 1 fb-1)

ATLAS-CONF-2011-133

Search for the Standard Model Higgs boson in the decay mode
H -> tau+ tau- -> Il + 4 neutrinos in Association with jets in Proton-Proton
Collisions at sgrt(s) =7 TeV with the ATLAS detector ( 1 fb-1)

ATLAS-CONF-2012-014

Search for the Standard Model Higgs boson in the H->tau tau decay mode with
4.7 fb"-1 of ATLAS data at sqrt(s)=7TeV
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JHEP 1209 (2012) 070 arXiv:1206.5971
Search for the Standard Model Higgs boson in the H to tau+ tau- decay mode in
sqrt(s) = 7 TeV pp collisions with ATLAS ( 5 fb-1)

JHEP 1302 (2013) 095 arXiv:1211.6956
Search for the neutral Higgs bosons of the Minimal Supersymmetric Standard Model in
pp collisions at sqrt(s)=7 TeV with the ATLAS detector (5 fb-1)

ATLAS-CONF-2012-160

Search for the Standard Model Higgs boson in H->tau+tau- decays in proton-proton
collisions with the ATLAS detector (5 + 13 fb-1)
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PAS HIG-12-004
Search for a light pseudoscalar boson in the dimuon channel ( 1.3 fb-1)

Phys.Rev.Lett. 109 (2012) 121801 arXiv:1206.6326
Search for a light pseudoscalar Higgs boson in the dimuon decay
channel in pp collisions at sqrt(s) =7 TeV (1.3 fb-1)

PAS HIG-12-011
Search for Neutral MSSM Higgs Bosons in the mu+mu- final state with the CMS experiment

in pp Collisions at sqrt s =7 TeV ( 5 fb-1)
PAS HIG-13-007

Search for the standard model Higgs boson in the dimuon decay channel
in pp collisions at sgrt(s)=7 and 8 TeV (5 + 20 fb-1)
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ATLAS-CONF-2011-020

A Search for a Light CP-Odd Higgs Boson Decaying to mu™+ mu”- in ATLAS
( 36 pb-1)

ATLAS-CONF-2013-010

Search for a Standard Model Higgs boson in H->pp decays with the ATLAS detector
(8 TeV 21 fb-1)
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Eur.Phys.J. C73 (2013) 2469 arXiv:1304.0213
Search for a standard-model-like Higgs boson with a mass of up to 1 TeV at the LHC
(WW,ZZ 5+5 fb-1)
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PAS HIG-11-034
Search for WH to 3 leptons (5 fb-1)

PAS HIG-12-006
Search for WH in Final States with Electrons, Muons, Taus ( 5 fb-1)

JHEP 1211 (2012) 088 arXiv:1209.3937
Search for the standard model Higgs boson produced in association with W and Z bosons in
pp collisions at sqrt(s)=7 TeV ( 5 fb-1)

PAS HIG-13-019

Search for Higgs Boson Production in Association with a Top-Quark Pair and
Decaying to Bottom Quarks or Tau Leptons (8 TeV 20 fb-1)
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PAS HIG-13-020
Search for the standard model Higgs boson produced in association with
top quarks in multilepton final states ( 8 TeV 20 fb-1)
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PAS HIG-11-002
Search for the charged Higgs boson in the etau and mutau dilepton channels of

top quark pair decays ( 36 pb-1)

PAS HIG-11-008
H+ -> Tau in Top quark decays ( 1 fb-1)

JHEP 1207 (2012) 143 arXiv:1205.5736
Search for a light charged Higgs boson in top quark decays in pp collisions at sqrt(s) = 7 TeV
(2 fb-1)

PAS HIG-12-052

Updated search for a light charged Higgs boson in top quark decays in pp collisions
atsqrt(s) =7 TeV (5 fb-1)
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ATLAS-CONF-2011-018
Study of discriminating variables for charged Higgs boson searches in tthar events
with leptons, using 35/pb of data from the ATLAS detector

ATLAS-CONF-2011-094
A search for a light charged Higgs boson decaying to cs in pp collisions at
Vs =7 TeV with the ATLAS detector ( 36 pb-1)

ATLAS-CONF-2011-138

Search for Charged Higgs Bosons in the tau+jets Final State in t-tbar Decays with
1.03 fb-1 of pp Collision Data Recorded at sgrt{s} = 7TeV with the ATLAS
Experiment

ATLAS-CONF-2012-011
Search for charged Higgs bosons decaying via H->tau nu in ttbar events using 4.6 fb"-1
of collision data at sqrt(s)=7 TeV with the ATLAS detector

JHEP 1206 (2012) 039 arXiv:1204.2760

Search for charged Higgs bosons decaying via H+ -> tau nu in top quark
pair events using pp collision (5 fb-1)
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ATLAS-CONF-2011-151

Search for a charged Higgs boson decaying via H+ to tau(lep)+nu in ttbar events with one
or two light leptons in the final state using 1.03/fb of pp collision data recorded
at sqrt(s) = 7 TeV with the ATLAS detector

JHEP 1303 (2013) 076 arXiv:1212.3572
Search for charged Higgs bosons through the violation of lepton universality in ttbar events
using pp collision data at sqrt(s) = 7 TeV with the ATLAS experiment ( 5 fb-1)

Eur.Phys.J. C73 (2013) 2465 arXiv:1302.3694
Search for a light charged Higgs boson in the decay channel H+->csbar in tthar events using pp
collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 5 fb-1)

ATLAS-CONF-2013-090
Search for charged Higgs bosons in the tau +jets final state with pp collision data
recorded at sqrt(s) =8 TeV with the ATLAS experiment ( 20 fb-1)
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PAS HIG-13-013
Search for an Invisible Higgs Boson in VBF channels ( 8 TeV 20 fb-1)

PAS HIG-13-018
Search for invisible Higgs produced in association with a Z boson ( 5 + 20 fb-1)

PAS HIG-13-028

Search for Higgs boson decaying to invisible particles and produced in association
with a Z boson decaying to bottom quarks ( 8 TeV 20 fb-1)
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ATLAS-CONF-2013-011
Search for invisible decays of a Higgs boson produced in association with a
Z boson in ATLAS (5 + 13 fb-1)
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arXiv:1210.7619
Search for a non-standard-model Higgs boson decaying to a pair of
new light bosons in four-muon final states ( 5 fb-1)

PAS HIG-13-010
Search for a non-standard-model Higgs boson decaying to
a pair of new light bosons in four-muon final states ( 8 TeV 20 fb-1)
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ATLAS-CONF-2012-079
Search for a Higgs boson decaying to four photons through light CP-odd scalar coupling
using 4.9 fb-1 of 7 TeV pp collision data taken with ATLAS detector at the LHC

ATLAS-CONF-2012-094

Search for neutral MSSM Higgs bosons in sqrt{s}=7 TeV pp collisions with
the ATLAS detector (5 fb-1 pptt)
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PAS HIG-11-001
Inclusive search for doubly charged higgs in leptonic final states at sqrt s=7 TeV ( 36 pb-1)

PAS HIG-11-007
Inclusive search for doubly charged higgs in leptonic final states at sqrt s=7 TeV ( 1 fb-1)

JHEP 1209 (2012) 111 arXiv:1207.1130
Search for a fermiophobic Higgs boson in pp collisions at sqrt(s)=7 TeV ( 5 fb-1)

PAS HIG-12-005
Inclusive search for a doubly charged Higgs boson in leptonic final states with
CMS at sqrts=7 TeV (5 fb-1)

Eur.Phys.J. C72 (2012) 2189 arXiv:1207.2666
A search for a doubly-charged Higgs boson in pp collisions at sqrt(s) = 7 TeV ( 5 fb-1)
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PAS SUS-13-002
A search for anomalous production of events with three or more leptons using 19.5 fb-1 of

sgrts=8 TeV LHC data ( FCNC t —cH)

Phys.Lett. B725 (2013) 36-59 arXiv:1302.1764
Searches for Higgs bosons in pp collisions at sqrt(s) = 7 and 8 TeV in the context
of four-generation and fermiophobic models ( 5 + 5 fb-1)

PAS SUS-13-014
Search for SUSY Partners of Top and Higgs Using Diphoton Higgs Decays ( 8TeV 20 fb-1)

PAS SUS-13-017

Search for electroweak production of charginos and neutralinos in final states with
a Higgs boson in pp collisions at 8 TeV ( 8 fb-1)
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ATLAS-CONF-2011-127
Search for Doubly Charged Higgs Boson Production in Like-sign Muon Pairs in
pp Collisions at sgrt(s)=7 TeV ( 1.6 fb-1)

Phys.Rev.Lett. 108 (2012) 251801 arXiv:1203.1303
Search for a light Higgs boson decaying to long-lived weakly-interacting particles in
proton-proton collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 2 fb-1)

ATLAS-CONF-2012-089
Search for Displaced Muon Jets from light Higgs boson decay in proton-proton collisions at
sqrt(s) = 7 Tev with the ATLAS detector ( 2 fb-1)
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Phys.Lett. B721 (2013) 32-50 arXiv:1210.0435
Search for displaced muonic lepton jets from light Higgs boson decay in proton-proton
collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 2 fb-1)

Eur.Phys.J. C72 (2012) 2244 arXiv:1210.5070
Search for doubly-charged Higgs bosons in like-sign dilepton final states at sqrt(s) = 7 TeV
with the ATLAS detector ( 5 fb-1)

New J.Phys. 15 (2013) 043009 arXiv:1302.4403

Search for WH production with a light Higgs boson decaying to prompt electron-jets in
proton-proton collisions at sqrt(s)=7 TeV with the ATLAS detector (2 fb-1)
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ATLAS-CONF-2013-018

Search for heavy top-like quarks decaying to a Higgs boson and a top quark in
the lepton plus jets final state in pp collisions at sqrt(s) =8 TeV with

the ATLAS detector ( 14 fb-1)

ATLAS-CONF-2013-093
Search for chargino and neutralino production in final states with one lepton,

two b-jets consistent with a Higgs boson, and missing transverse momentum
with the ATLAS detector in 20.3 fb-1 of vs =8 TeV pp collisions
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R.Aleksan et al. CERN-ESG-005
Physics Briefing Book (Input for the Strategy Group to draft the update of the
European Strategy for Particle Physics )

M.Bicer et al. arXiv:1308.6176
First Look at the Physics Case of TLEP
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CMS NOTE 2012-006
CMS at the High-Energy Frontier. Contribution to the Update of the
European Strategy for Particle Physics

CMS NOTE 2013-002 arXiv:1307.7135
Projected Performance of an Upgraded CMS Detector at the LHC and HL-LHC:
Contribution to the Snowmass Process

CMS PAS FTR-13-003
H to ZZ to 4l

CMS PAS FTR-13-024
2HDM Neutral Higgs Future Analysis Studies
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ATL-PHYS-PUB-2012-004
Physics at a High-Luminosity LHC with ATLAS

ATL-PHYS-PUB-2012-005
Studies of Vector Boson Scattering with an Upgraded ATLAS Detector
at a High-Luminosity LHC

ATL-PHYS-PUB-2013-001
Studies of the ATLAS potential for Higgs self-coupling measurements at a
High Luminosity LHC

ATL-PHYS-PUB-2013-004
Performance assumptions for an upgraded ATLAS detector at a High-Luminosity LHC

ATL-PHYS-PUB-2013-006
Studies of Vector Boson Scattering And Triboson Production with an
Upgraded ATLAS Detector at a High-Luminosity LHC
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ATL-PHYS-PUB-2013-007
Physics at a High-Luminosity LHC with ATLAS

ATL-PHYS-PUB-2013-009
Performance assumptions based on full simulation for an upgraded ATLAS
detector at a High-Luminosity LHC

ATL-UPGRADE-PUB-2013-014
Expected pileup values at the HL-LHC

ATL-PHYS-PUB-2013-012
Sensitivity of ATLAS at HL-LHC to flavour changing neutral currents in top
quark decays t — cH, with H —»yy

ATL-PHYS-PUB-2013-014
Projections for measurements of Higgs boson cross sections, branching ratios
and coupling parameters with the ATLAS detector at a HL-LHC
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ATL-PHYS-PUB-2013-015
Sensitivity to New Phenomena via Higgs Couplings with the ATLAS Detector
at a High-Luminosity LHC

ATL-PHYS-PUB-2013-016
Beyond-the-Standard-Model Higgs boson searches at a High-Luminosity LHC with ATLAS

R.Goncalo,S.Guindon,V.Jain arXiv:1310.0292
Sensitivity of LHC experiments to the t t H final state,
with H—bb at center of mass energy of 14 TeV

J.Vasquez,J.Adelman,A.Loginov and P.Tipton arXiv:1310.1132

Study of ttH (H -> mu mu) in the three lepton channel
at sqrt(s) = 14 TeV; A Snowmass white paper
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Parenthesis on limits ( and the yellow bands )
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| CLs to test signal hypothesis
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P, to test background hypothesis
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