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The Large Hadron Collider Run-I, pp collisions at \/s =7 TeV and 8 TeV

o LHC excellent performance in
2011 and 2012

o [Ldt~25fp"at
V/s=7and 8 TeV

@ Peak Instant Luminosity:
L=77x 1073 cm 2!

@ World record in energy and
instantaneous luminosity

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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The accelerator and its experiments ATLAS-CMS

ATLAS-CMS

@ Big collaborations
(=4000/experiment)

@ Multi purpose
experiments

e LHC data efficiency
recording (used for
analysis) > 90%
during Run-IL.

@ Robust Muon systems
and e~y-calorimeters
(crystals(CMS) and
liquid
argon(ATLAS)).
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The accelerator and its experiments ATLAS-CMS

Multiple collisions per bunch crossing, a challenge for the experiments

@ Due to the increase in luminosity,
more than one collision happen
during a bunch-crossing in the LHC,
this is called pile up (PU).

@ 2011 average PU ~ 10, for 2012

average PU ~ 20.
@ Particle flow algorithm helps a lot in
high PU events.
. 180 T T mr 3
@ Less energy resolution for e and y oo T e ez0ait -
140 = V5=7TeV‘ILdI=5.Z¢b"<p>= o1

@ Central jet veto and VBF jet tagging
affected.

e For LHC Run-II at /s = 13 TeV
are expected PU = 40

Recorded Luminosity [pb "0.1]
=
8
T

L L L I
20 25 30 35 40 45

Y EXperimentS request tO LHC PU<5 0. Mean Number of Interactions per Crossing

L L L
5 10 15

rillo (IPNL) Selected Higgs results and Run-II perspectives 08/04/2015 57137



Selected Higgs results (Run-I) Standard Model

Selected Higgs results (Run-I)
Standard Model
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Selected Higgs results (Run-I) Standard Model

Higgs production modes
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Selected Higgs results (Run-I) Standard Model

Higgs Decays, branching ratios
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Selected Higgs results (Run-I)

An event display, m,, = 1259 GeV

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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esults (Run-I) Standard Model

Higgs Mass combination CMS-ATLAS, my = 125.09 4+ 0.24 GeV

19.7fb" (8 TeV) + 5.1 b (7 TeV)
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Selected Higgs results (Run-I) Standard Model

A detailed view for the mass measurements

———— T T T
ATLAS and CMS preliminary — Total — Stat. — Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy H——e—+H  126.02+051(£043+027)GeV
CMS H—yy . Lot 1 12470 +0.34 (£ 031+ 0.15) GeV
ATLAS H—ZZ il i 124.51+0.52 (+0.52 +0.04) GeV
CMS H—ZZ il b 1 125.59 + 0.45 (+0.42+0.17) GeV
ATLAS+CMS 7y -4 125.07 +0.29 ( +0.25 + 0.14) GeV
ATLAS+CMS il H————1 125.15 + 0.40 ( + 0.37 +0.15) GeV
ATLAS+CMS yy+Ilil e 125.09 +0.24 (+0.21£0.11) GeV
1 1 1 1 | 1 | | 1 1 | 1 1 1 1 l  § 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I 1 1
123 124 125 126 127 128 129
my, [GeV]

Tension in the experiments measurements. Not in-between experiments
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Selected Higgs results (Run-I) Standard Model

Analysis Overview

H—yy H-ZZ |H->WW |H-1t H—bb |H—-Zy |H—pu
4 | ATLAS | ATLAS | ATLAS | ATLAS ATLAS | ATLAS
a9 CMS CMS CcMS CMS CMS CcMS
VBF ATLAS | ATLAS | ATLAS | ATLAS ATLAS | ATLAS
CMS CMS CcMS CcMS CcMS CcMS
VH ATLAS | ATLAS | ATLAS - ATLAS | ATLAS -
CMS CMS CcMS CcMS CMS CMS CMS
H ATLAS | ATLAS | ATLAS | ATLAS | ATLAS
CMS CMS CcMS CcMS CcMS A

comprehensive coverage of all Higgs/SM physics cases
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Standard Model

Higgs Signal Strength
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Selected Higgs results (Run-I) Beyond Standard Model

Selected Higgs results (Run-I)
Beyond Standard Model
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Selected Higgs results (Run-I) Beyond Standard Model

Search for additional Higgs Beyond the Standard Model (2HDM)
@ The addition of doublet in the Higgs sector is one of the simplest

possible extensions
@ 2HDMs and the MSSM are fully compatible with a SM-like Higgs boson

with mass ~125 GeV
» 5 Higgs bosons i
CP-even Higgses (*) CP-odd Higgs (*) Charged
e (h
4 " @<
‘W\@ G\W ©<lg

(y /Q/ @ -2
@< ‘U‘ ‘Ui\‘z 6\‘”
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Selected Higgs results (Run-I) Beyond Standard Model

Search for additional Higgs Beyond the Standard Model

Direct Searches for additional Higgs Bosons: H — hh, H/A — 77,A — Zh

and low mass Higgs.

In 2HDM models:
@ 5 Higgs Bosons: @ Free parameters:
@ h -SM like Higgs Boson @ 4 Higgs masses
@ H -CPeven @ tan B —ratio of vevs
@ A -CPodd @ a-mixingangle of hand H
@ H*- Charged

@ Yukawa couplings arranged in 4 different
model ‘types’

. @ MSSM is based on a Type ll
H Coupling scale factor:

2HDM/SM @ Alignment limit cos(B-a)=0 : h has SM couplings
Type | Type |l Lepton Specific  Flipped
Ky sin(B-a) sin(B-a) sin(B-a) sin(B-a)
K, cos(a)/sin(B) cos(a)/sin(p) cos(a)/sin(B) cos(a)/sin(B)
Ky cos(a)/sin(B) -sin(at)/cos(B) cos(a)/sin(B) -sin(a)/cos(B)
K, cos(a)/sin(B) -sin(a)/cos(B)  -sin(a)/cos(B)  cos{a)/sin(B)
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Selected Higgs results (Run-I)

H — hh

tan 3

CMS 19.5 fb™' (8 TeV)

T T T
Type | HDM H — hh, m, =300 GeV
Observed 95% CL limits
-~ Expected 95% GL limits

=4 Expectedz1o
------- Expected =2 o

cos(p-a)

0.2 04 0.6

tan

Beyond Standard Model

@ Look at multi-lepton (h=>WW,ZZ,tt)+h-yy final states

CMS 19.5 b (8 TeV)
T T T
Type Il 2HDM H — hh, m“ =300 GeV
= Observed 95% CL limits
10 = £, "emee=e Expected 95% CL limits

% Expecteds1o
------- Expected =2 a

@ Best direct limit on H at low tan B and low mass

@ High tan B covered by H>t1t

@ Searches with decays h—>bb also being persued (ATLAS+CMS)
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ggs results (Run-I) Beyond Standard Model
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@ Analysed in MSSM (type Il) models My [GeV]
@ Best exclusion at high tan B up to large masses
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results (Run-I) Beyond Standard Model

A—Zh (CMS)

5 Aﬁzhﬁ@ L=19.7 " (8 TeV)
CMs | E
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@ Analyzed with decays:
h— bb,h — ZZ and h —» WW o B

@ Very good mass resolution

@ Best limits at my < 2my,, and low tan /3
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Selected Higgs results (Run-I) Beyond Standard Model

A — Z h (ATLAS)

Zh analyzed in:
o Z— (ee,up)and h — 77/ Z — (ee, pu, vv) and h — bb
@ All 7 decays considered for both decays

a T T T T T T T e R R R e RAER RN
= F 1< r 1
A—Zh m,=300 GeV A—Zh m,=300 GeV

Y ATLAS oo Typel Y ATLAS 22 Type Il
5| \s=8TeV _ o _ 5| Vs=8TeV _ o |
10%E 208 o1 Obs 95%CL E*foband | {021 3 Obs 95% CL [ +1o band
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E 10E E
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Selected Higgs results (Run-I)

H*: (my+<m,,,)

Beyond Standard Model

@ Production: gg—tbH*, gb—tH*, gg—tt—WbH™b: (my=<m,)

e Decays: HF — 7Fv (ATLAS/CMS) and H* —cs/H* —tb (CMS)

@ All 7 decays considered for both decays

tan B

19.7 b (a TeV)

L i e ey <

L e

L CMs

[ Preliminary

L toHDbH - v,
[ Tt,+iets final state
[ MSSM updated mr=
[ —®— Observed
r —-Observed *1o (th.)
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55 Expected median * 1o
[ - Expected median +2c
[ 555 miiss# . 12543 GeV

illo (IPNL)
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esults (Run-I) Beyond Standard Model

H:l: o (mH:i: >mt0p)

19.7 6" (8 TeV)

CMS -

Preliminary

L T L B

tan B
3
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N A\

s b b b b s laa g

T,+ets final state ; 50
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& Ob: d ] C
serve ] 451 Data 2012
— - Observed +1o (th.) i r max .
[ Excluded E F MSSM mj™® scenario
r 5 Expected median 15 - 40 — — - Median expected exclusion
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+ L Observed exclusion 95% CL.
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@ Search in tHT or btH* mode

e Little phase space covered so far: Lots of room for discovers during
LHC-Run-II
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ggs results (Run-I) Beyond Standard Model

Low mass Higgs in v resonances

Additional Higgs at a lower mass (down to myg=60 GeV)
e Few words about this search in this presentation.
@ Presentation about Run-I ~ Fan Jiawei (IPNL/IHEP) today.

e For Run-II, a High Level Trigger selections are being implemented in
CMS to extend our search during run-IL.

ATLAS results:

10— T |
E ] ATLAS n 3
- ! 100F 3
o) - ; — Observed L T
= 102 ' --- Expected F 3
aQ = A F 3
g F g i
5§ 10 3
EE E
i S .

3] A
2 1E R TP~ S L =
5 E ! Vs=8TeV,[Ldt=20.3 " £
10-1 B s 1 3 n n n s 1 1 1 N

100 200 300 400 500 600
my [GeV]
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Perspectives for Run-IT

Higgs Perspectives for Run-I11
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Higgs Perspectives for Run-II

LHC Run-II is imminent, last Sunday (source BBC)

CMS Experiment at LHC, CERN

Data recorded: Sun Apr 5 10:29:07 2015
Run/Event: 239754 / 162

Lumi section: 89
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Higgs Perspectives for Run-II

LHC Run-II is imminent, LHC is back, last Sunday
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Higgs Perspectives for Run-II

Expected Integrated luminosity for run-II 2015 ~ 10 fb—!

@ Conservative 5* to start
@ Conservative bunch population
@ Assuming same machine availability as 2012

Beta lumi | Days
[em2s7] (appmx

50ns 1300 1.2ell 4.8e33 ~1 fb?

2015.1 2592 80 1l.lell 25  7.6e33 30 3fbl 21

2015.2 2592 40 1lell 25 12e34 48 8fbl 34
2015 2016 2017 2018

J|F[M|A[M[]]|]|A|S|O[N|D]]|F|M|AIM[]|] |A[S|O|N|D]J[F|M[A[M|][]|A|S[O|N(D] ] [F|M]A[M|]|][A|S|O|N|D|

EYETS LS2
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Higgs Perspectives for Run-II

A little bit further into the future

ATLAS Simulation Preliminary . .
1§ = 14 TeV: [Ld=300 b ; [Ldt=3000 b @ This could be the window to new

Nl B physics.
" | ~Today

A
@ Reducing 2 could show as a

H—>ZZ (comb)

deviations from the SM

H— WW (comb.)

H— Z\{ (incl.)

H—bb (comb.) Run-II year by year (=~ 100/b~!)

Peak lumi Days proton Approx. int
E34 cm2s! physics lumi [ﬂ) 1]

H-sve (VBF-like)

. 2015 100
H—>p,u (comb.) 2016 15 160 35
: 2017 1.7 160 45
0 0.2 0.4
Al 2018 1.7 40 10
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Higgs Perspectives for Run-II

Perspective for the LHC during the next 10 years

*® Peak luminosity Integrated luminosity

6.0E+34 3500
5.0E+34 o0 o oo o eiefe| 3000
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— 4.0E+34 . >
- 2
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L. 3.0E434 (V)] (%0] v - %2] wn E
> = — — — - E]
£ 1500 =
g 3
£ 2.0E+34 TR [ ©
£ o * 1000 &n
3 . g
1.0E434 . s
0.0E+00 ~*

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Year

@ Run-I center of mass energy is just ~ % of the designed for the LHC

@ Run-Iis a small portion of the expected integrated luminosity for the
life-time of the LHC.

@ Nevertheless we have a discovery!
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r Run-IT

Conclusions
mass < =2.3 MeV/c? =1.275 GeVic? =173.07 GeV/c* 0 =126 GeVic?
charge + 2/3 213 213 t 0 0
spin = 1/2 u 12 C 12 1 g o
Higgs
up charm top gluon boson
=4 8 MeV/c? =95 MeV/c? =418 GeVic? 0
-3 d -3 113 b 0
142 12 S 12 1 L
down strange bottom photon
0.511 MeVic* 105.7 MeV/c? 1.777 GeVic* 91.2 GeV/e?
a -1 -1 0
12 e 112 ]'l 1/2 T 1 ;
electron muon tau Z boson
“2.2eVic? =<0.17 MeVie* <15.5 MeV/c* 80.4 GeV/c?
0 0 0 *1
12 l)e 12 .I)}l 112 .I)r 1 W
electron muon tau
neutrino neutrino neutrino W boson

The Standard Model “free-parameters” are now known!
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Higgs Perspectives for Run-II

Conclusions

@ Combined ATLAS+CMS measurement of the Higgs boson mass:
my = 125.09 + 0.24GeV
@ Combinations of Run 1 measurements in each experiment have been
done for a majority of results
@ Combination of ATLAS+CMS Higgs coupling strength in preparation
o Extensive search for deviations from the SM prediction in:
e Higgs production kinematics
o WW and ZZ Higgs decay kinematics
e Signal strength in all categories of all observable final states and Higgs
coupling strength
o Extensive BSM searches have been made in ATLAS and CMS
e Searches for CP even(H),odd(A) and charged H* Higgs in a variety of
decay modes
o All results show consistency within errors with the Standard Model
Hypothesis
o Looking forward for Run-II
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Backup

BACKUP
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Backup

Lepton momentum scale
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e v energy reconstruction stability

CMS Proliminary CMS Protiminary

CMS Prliminary
V=aTevL=196m" oo = Vi=sTevL=196m"

VmoTvLa 8 b

——Data

|

oy VIXS=13
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systematics -y

ATLAS and CMS
preliminary
LHC Run 1

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in front of ECAL
ECAL longitudinal response
ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution
Muon momentum scale & resolution
ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties

Uncertainty in ATLAS
combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

-
Selected Higgs results and Run-II perspectives
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Backup

event display tth
— .
C S CMS Experiment at LHC, CERN
\\ H Data recorded: Thu Nov 1 02:13:01 2012 CEST
S Run/Event: 206446 / 1072391444
2 \ Lumi section: 784
L \\\\ - ) J
1 \ _
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Backup

event display vbf

CMS Experiment at LHC, CERN

Data recorded: Mon Sep 26 20:18:07 2011 CEST
Run/Event: 177201 / 625786854
Llumi section: 450
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