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Role of the CMS electromagnetic
calorimeter in the hunt for the Higgs boson
through the two-gamma decay channel
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Where to hunt ? .
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e Mid' 90s : Strong indication for low
mass Higgs boson, if any...
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e Top and W masses + LEP constraintsg,-

e DIS'95: mp = 721 138GeV/c? :
e Golden channels for low mass g it .
Higgs boson search: 0= E
o H > 77 i i
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= How to hunt ? €Sy
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e Optimize the resolution for the Higgs boson search
o H— vy
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e The stochastic term

* Noise téerm

: | == Stochastic term
{ | = Constant term |

02 1|1 R N i A
e Quantifies effects of fluctuations AN L

» Homogeneous and deep calorimeter 0.8

® The noise term 0.6

e (Quantifies the noise due to electronics °4; — ------------------
and/or pileup

» Target : 40 MeV/channel o""l N
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® The constant term

e Quantifies the stability of the intercalibration of different channels
o(E)  27% _150MeV

e Goal: —~ B ®———®0.005  in Barrel
_5.7% _ 205MeV in Endcap

S ¢ 0.005
VE E
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photon detection ==m== = ST =5 5
e Off-pointing geometry
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1290m 61200 barrel crystals

e High granularity
» 2.2x2.2x23 cm’® in EB (26 X )

» 3.0x3.0x22 cm’ in EE (25 X))
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> Barrel (EB)
36 supermodules x 1700 crystals
In[<1.48

> Endcaps (EE)
2x7324 crystals, 1.48<|1|<3.0

> Preshower (ES) 3X,)

Lead-SiStrip calorimeter
1.64<|n|<2.6

Baﬁel crystals .

PB

.*'Si;preshb_war' ]

_ Endcap “Dees”
Barrel with “supercrystals”
Super Module (5x5 crystals)
(1700 crystals)
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The stochastic term G
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e Quantifies the fluctuations
e Sampling (lateral or longitudinal)

e Preshower, etc.

e Optimization : PbWO4
e Homogeneous detector LT [T | G
> C I X0 [cm] 0,89
rysta S Moliéere radius 2,19

Comparison Real Longitudinal Transmission vs. Emission spectrum SCintillatiOH 5 (39%)

light decay time 15 (60%)
[ns] 100(1%)

Index 2,30

Emisison peak  420-440 nm
[nm]

T dep. [Y%/°C]

2

S\ Optical yield 1,3
(Nal=100 %) = 100y/MeV

300 350 400 450 500 550 GO0 650 T00

‘Wavelength (nm)
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The photo-detectors S

- Gain: 50

Twin 5x5 mm? APDs/crystal

- QE: ~75% (@ 420 nm
- Temperature dependency: -2.4%/°C

Barrel — Avalanche Photo-Diodes :

e

window
photon conversion

e acceleration
€ multiplication

e drift

e collection

11

1

¢=26.5mm :

]

B

A
- 4.5
et 2.5
SEMITRANSPARENT

" PHOTOCATHODE Bl
MESH ANODE

Endcaps - Vacuum Photo-Triodes:

B field direction more favorable to VPTs

(Axes : 8,59 <0] <25,5° w/r to field)

More rad-hard than Si diodes (with UV window)
- Active area ~ 280 mm?/crystal
-Gan8-10@B=4T

- Q.E. ~20% @ 420 nm

- Small temperature dependency
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e Do NOT affect scintillation
e Affect transmission

e Color centers creation

» With some self-recovery
» With saturation effect

e R&D 1995-2002

® Minimize the transmission loss

Radiation effects
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225

m -

© | Absorbed
- {dose after
110 years

1.4x10°

10°

Initial transmission

e Optimize the time constants

o2}
o

e Mandatory to measure
the crystal transparency
continuously !

Transmittance (%)

N
o

| BTCP-2464
80 [~

= EE at the end of 2012

~EB a

From top to bottomn
— 200°C annealing
15 rad/h (65 h)
— 100 rad/h (63 h)
— 400 rad/h (62 h)
— 9000 rad/h (10 h)

t the end of 2012
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- The noise term
e Electronics / EMC : o(noise) = 40 MeV (EB)

e Maintain performances from single channel
to full detector in situ
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SM10 with electronics
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The constant term G0
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e Limited by longitudinal non-uniformity of light
collection

e Sensitive to channel inter-calibration
» Long term stability mandatory ! (few months)
» 1 year period in 2011 and 4 periods in 2012

e Radiation-tolerant crystals

» Measure and correct
transparency in quasi real time

5 %i CMS Preliminary 2012\ (Good agreement between
g = Jerm) simple model of

L= v \\ f’ff"\\ F R | . Production/Recovery/Saturation
g E Y Ve | wfq \ A A = . | process with 2 types of defect
E oo = =M LM AL and actual erystal behavior

= = ‘13/10I ‘ I14,0’10I I ‘15/10I ‘ I16/10‘ I ‘17/10‘ ‘ IlS/lO‘ I ‘19/10‘ ‘ I20/10‘ I ‘21/10‘ ‘ I22/10‘ ID ;2;/1(;‘ ‘thl

v % L& i ! i i

£ wf A . VAR

B o = AW LA oA AN

f NN NIV ENN

[ = L] . )

T E l L L1 ] 1L 1

. M.
o M . . P A . . . . M L . .
13/10 14/10 15/10 16/10 17/10 18/10 19/10 20/10 21/10 22/10 23/10 9

TNate Idav/ manthl



irfu

The crystal transparency monitoring system N
saclay
e Send light to each crystal T
e Measure the channel response (VPT) A reggr%nce
e Normalize with reference PN diode %
response (APD or VPT/PN) Zli
Light distriblh j
to groups (~200)
. of crystals
e Continuous process 8 8
e 100 Hz laser firing during LHC abort gap Lasers

» Full ECAL measurement every 40 mn

(92 regions, 600 laser pulses per region)
April 22nd, 2013 M. Déjardin - CHEF 2013 10
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Measuring the transparency
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e Real time analysis of data
e ~24h/24,7d/7

» Data processing and validation

» Provide correction before Prompt Reco at Tier0 — <48 h

LILI (NLEN N B B O S B B B B |

E.|||||

E.|||||

!|||||E.|||||

Loss after 25 fb!
Barrel: loss = 5%
Endcap : loss = 18%

acceptance

-_—
tracker

0.5 - : | | | | | i

15<n| < 1.8

relative response
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From laser to scintillation

e Comparison
e Different light paths in crystals
» Different attenuation
e Which relationship?
e S-(%)
e Tuned on data
o, =152inEB
» o, =1.16inEE laser

effective

E| Mean 114
F | RMS 0.0009 |]
Ll Mean 0.95 (4
[ [RMS 0.011 |1

1.02
1.01

Blue laser

0.99 ;_ ......................... ......................... .................................................. E pcorrected ................
0.98 = ......................... ......................... ......................... ......................... ......................... ......

098 , 097y T— _________________________ H— =
“....-..,, i ¢ 0.96 ........................ L - ........... I 0 ......................... ......................... ...... —

0.97| . i
\ / 0.95

o E]ectron data 0.94 __ ......................... ......................... — Wi E%a ..... _— 2 .......... 3

E — WIthOUt laser monltonng correctlon ‘

o
8
'..v'.qu .
.':
Relative E/p scale

Signal [arbitrary unit]
H

093 — WIth Iaser momtorlng correchon

Testbeammeasurement = A B L
0-95 20f04 20f05 19!06 19!0? 18!08 17!09 17/10  16/11 0 100 200

5 10 25 M
Tlme fhours] date (day/month)
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(Inter)Calibrating the calorimeter

e Use of physics events
® (-symmetry :
» Short calibration periods = 2 days
» Frequent checks and controls
o '/
» Average calibration periods = weeks
e E/p with electrons
» Long calibration periods = months
o 7' — e'e
» Long calibration periods = months
» ECAL absolute scale
e All details (and more) in M. Obertino's talk
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saclay

April 22nd, 2013 M. Déjardin - CHEF 2013

13



e Recover energy radiated

upstream of ECAL

e Bremstrahlung electron

e Late converted photons

» Superclusters of clusters along ¢

» Use of preshower in endcaps

e Material effects &
e Correct for energyu
lost upstream

of ECAL

2.5

—raracker material

L [ Tec

 CMS Simulation

T
[ support Tube [Jj ToB Wrie -

e andTip [ Beam Pipe-

irf

Shower shape parameter :
R9 = E(3x3)/E(SC)

u
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III|III|
actor

I|III|III|III
E correctionlL

CMS Pll‘elilmilnalry 2011 |

EB EE

I0.5IIII1III1.5IIII2IIII
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Effect of corrections: Z° mass peak =
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e Clustering and energy corrections

3
> I L A e => ;(10"
8 0.22 — CMS Preliminary 2012 Esxs crystals 8 18 - CMS Preliminary 2012 Esys crystals
o O2F Vs=8TeV,L=19.61b" SuperGluster o 16[ \s=8TeV,L=196fb' Superoleet
C). 0.18 :_ ncorrected c)‘ - Super(f::l:nES
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£ - ECAL barrel comected £ {2 ECALendcap rrected
o 0.14F ) -

o 0.12f g 10 -
0.08 E_ 6L
0.06 ) .
0.04f -
0.02 2
0_ e —— Ty e 0_ _______________________________________
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e Transparency and inter-calibrétion torrections (GeVe)

< xw0*
CMS Preliminary 2012 % no corrections 18 :— CMS Preliminary 2012 % no corrections
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A A
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ECAL performance in 2011-2012 ——
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e Resolution of the energy measurement

e Electrons from Z'—e'e
CMS 2012 preliminary: L = 19.5 fo, Vs = 8TeV
e Prt|:>mlpt Ireclonstrluctliorlu ilnclusilweI o
Winter2013 re-reconstruction, inclusive

——e—— MC, inclusive

0.06 |

0.05

*IIII'III

0.04 2013-2014 goals:

t
IIII|

Put blue points over red points

-{ Put red points lower

O )
T‘rf})—'_ﬁTIrr"“TTr["”
}E

{'{'

{i{*'

'

E E ] i ] ] ] ] | ] ] ] |
0 0.5 1 1.5 2 2.5
SuperCluster |n |
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Identifying the photons =

W ; | saclay
° ° 1 cMS rellrnmaryznz PRNS=BTeV . L =
e Online selection _5 Jrasrow q’ ;
Q I Threshold: 20 Géa\i |
e Trigger performances R [f | Photons from
> See A. Zabi's talk 0.6 fuidude % H—yy
O4i O Endcaps %
e Offline selection tuned on "% Threshold §20 GeV
4 categories ok ;
1 0 102
e Barrel - Endcap T[GeV] CMS Slmulatlon Prellmmary
> - : :
Converted-  Unconverted £ ,F  o*%etesse oian pooteete,es
2 = : 5
P Same S/B in all categories "m' 0.8 :_‘A ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘A,‘* ,,,,,,,,,,,,,,,,,
: o FE ok Ay
» MVA technlque c 0.7 [ dokeim e A g R e R
S By . y M
. Identiﬁcation Variables i 0.6 E_. ‘‘‘‘‘ Y .v ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, YYYY ,,,,,,,,,,,,,,
] g
» Shower spread vs ) = *7 gg -H,m = 120 GeV v "
0.4 SR 1 N S
» Isolation (pileup corrected) - Y f o category 1 (EB,R >0 %) 1
0'3;' ----- * ---------------------------------- S category 2 (EB,R <0.94) . |
> H/E ST R D DO 1
0.2;—* : © _a— category 3 (EE, R >0.94)
» Electron track veto C LN . _ 4 category4 (EE,R <0.94) T—
S - 0 1' 2
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Application: Search for a narrow resonance =
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e 2 photons in the final state

P vy invariant mass resolution

EPS Moriond ICHEP ICHEP
July 2011 March 2012 July 2012 July 2012
FWHM/2.35 = FWHM/2.35 = FWHM/2.35 = FWHM/2.35 =
1.80 GeV (1.50 %) 1.40 GeV (1.17 %) 1.35 GeV (1,13 %) 1.57 GeV (1.31 %)
. 7= —_ =
o - z  CMS prelimi C - % CMS preliminary C S 5 CMS prelimi L 5 CMS prelimi
§ 1.2] - simuaton A souaon ef - smiaion ¢ Simulation 75 - Smaton f smaaion E 12}~ Smuiton Smuton
@ I ) o r L
(Lg 10— Parametric Model :;lé g::::;nes ; :_ —— Parametric Model All Categories Comifined ;— —— Parametric Model I g 10 _ —— Paramatric Madel Al Gategoties Gontjneo
g | 0,y =240 GeVic’ o =182GeVic? 5E 0,176 Gevic? b e 208Gy
— 08 4 : o 8F
a | FWHM = 4.23 GeVic' | o FWHM=320Gevic” | & A5 Pwvzaiecenc | o é  FWHM=37 e
"g 0.6+ 3__ 5 :_ i [ 6 .
Lﬁ i smearing - smearing - smearing 4 [ smearing
04 with2011 2 with 2011 oL with 2011 T with 2012
- Zee data F  Zee data - Zee data [ Zee data
0.2f L3 1 2r
U :::'.:;;;.. g - T L 5 '.'::-_.-'.";;;'.'..':.'.'. ::::::::::::::::::::::! ..... | :::i.i:- | T R I“:..:.I-.:.:::::!::::::::::: 0 :::::::::::::::::::::::::::E::::::;. I BT h;::::?:':::‘i:ii”’:ﬂ::::::l 0 :::::-------::“::: =£-. L1 [ l.-E:::::;:::::::
(i 10 120 130 100 10 120 130 100 110 20 130 100 110 120 130
m,, (GeVic?) m,, (GeV/c?) m,, (GeVic?) m., (GeV)
Improvements of ECAL calibration (2011 Zee data) > Prompt reco 2012

Best category (EB photons, not converted) : FWHM/2.35 = 1.04 GeV (0.87%)
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July 2012: The discovery
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Moriond 2013: Full 2011-2012 result —
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e Boson characterization N oS Simuitr O
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I . vYy¥ ' =
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Conclusions

e We succeeded in making our calorimeter work with
outstanding performance for the discovery

e First phase of the hunting is over:
» We caught it !

e And now, what do we do ?
» H — vy is not only a discovery channel
» Use it for coupling studies with associated production channels:
e ttH : coupling with fermions
* W/Z H : coupling with bosons

* 2017 = same number of events for these channels as for the discovery...
e Optimizing the ECAL response is critical for the next LHC runs !
» Refine scintillation/laser relationship
» Improve reconstruction tools

» Include aging effects in simulation

» Optimize tools for high pileup: in- and out-of-time
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No time for:
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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m?* ~9.6M channels

Magnetic field :38T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMEBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~ 137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels



CMS slice
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Muon
Electron

=== Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
Photon

Silicon
Tracker

\ Electromagnetic
A oL
!-1 ll Calorimeter
I

Hadron Superconducting
Calorimeter Solenoid

Iran return yoke interspersed

Transverse slice with Muon chambers
through CM5S
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Luminosity and CMS data taking

)
CMS Integrated Luminosity, pp
‘ Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

A
S0 e 2010, 7 TeV, 44.2 pb | === 2011, 7 TeV, 6.1 fb ' === 2012, 8 TeV, 23.3 b '

first >20 local excess
at low mH, 1.1-1.7 /fb

first MinBias / UE
studies, particle multiplicities

Total Integrated Luminosity (b ')

T ]|

W 20 oC
3\ ,&‘3 30
first incl. b x-section,

8/nb
0~15%

first top xsec, 3/p
6 ~ 40% first ZZ xsec, 1.1 /fb repeating the program
0 ~ 40% at 8 TeV

first single top
xsec,

t-chan., 36/pb
O ~ 36%

P

first incl. jet x-section, PF jets
60/nb & ~ 20-30%

going more differential,
e.g. Z/W + j,b,c

T N w—l

first incl. W/Z x-sections, 200/nb first m top, 36/pb

first significant limit on
& ~ 4-6%, +11% lumi A~ 6.5 GeV 9

Bs—pup, BR<1.9x10-8

1 - Nl

e 4

first particle discovered

first incl. J/W x-section, 100/nb .z
G e by CMS: =b
first WW xsec, BSM searches
36/pb continue,
5~ 40% limits pushed

first limit on HWW




CMS Integrated Luminosity, pp, 2012, s = 8 TeV CMS Integrated Luminosity, PbPb, 2011, s = 2.76 TeV/nucleon

Period Delivered Data Data

Data included from 2011-11-12 05:40 to 2011-12-07 09:22 UTC

Data included from 2012-04-04 22:38 to 2012-12-16 20:50 UTC - . - R R
- Sl ‘ : 25 el T — 180 luminosity taking validate
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Almost at the design lumi, but at 50 ns running!

CMS Peak Luminosity Per Day, pp, 2012, Vs = 8 TeV
Data included from 2012-04-04 22:37 to 2012-11-13 23:07 UTC

Pileup already larger than LHC design at 25ns (20)
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Fraction of life channels 2010-2012

% detector

Active Detector Fraction
CASTOR |

csC
RPC |

Pixel

Strip

EB+EE
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EE
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HF
HO

Subdetector
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PbWO, crystals =

Comparison Real Longitudinal Transmission vs. Emission spectrum
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The read-out electronics .

saclay

e Low noise preamplifier HY

e 40 ns shaping time 12 bits

e 40 MeV noise/sample

My 2 bits
MGPA
APD/VPT

e On-detector analog-to-digita

conversion VFE architecture for single channel

] 0.25 um IBM CMOS process
e 40 MHz sampling

e 10 samples kept per trigger

e On-detector trigger primitive
building

e Sum of E_ on 5x5 matrix (barrel)

“— Front End card (FE)

Trigger Sums
%_ ©
% [®)
. T Data
Trigger Tower (TT) Very Front End card (VFE)
April 22nd, 2013 M. D¢jardin - CHEF 2013 30




ey W el TV - -—it Y s IR = 5

Trigger and DAQ architecture

b

L1 Trigger: 40 MHz input from calorimeter
and muon detectors,
dead-time free, 10(
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e
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filter algorithms.
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Triggering on photons =

saclay

e L1 trigger

e Weekly recalibration of EE energy to account for transparency
changes

o EG20 trigger efficiency: (electron-photon > 20 GeV trlgger)

S 1 _G_M_s__#_re_l_-_m_mam_zéiz pd N5=8 TeV |
c ILm uum §
ks
9 Threshold 20 Ga\f
=08 e

EG 2 0 E B E E L B L1 EfGamma Trlggef '

50% 2 1 2 2 2 8 : Electrons from Z
' ' [0 )5 P——— R T LT O

95% 27.3 30.9 o Ll s;zrgrzeezn
99% 357 385 B Endcaps
100 GeV 99.96% 99.7% o

1 10 102

e All details (and more) in A. Zabi's talk

April 22nd, 2013 M. Déjardin - CHEF 2013 32




irfu

The crystal transparency monitoring system =
saclay
e Send light to each crystal T
I
® Measure the crystal response (VPT) i refﬁgaxéce
e Normalize with reference PN diode
response (APD/PN) PN
e Statistical analysis

e 600 laser pulses per measurement
e 100 Hz firing
» Full ECAL measurement every 40 mn
‘%L:;Tﬁfsz 8 missing bunches 38 rmssmTunches 119 missing bunches \
2 3 4 5 5 9,118 7 g 9 10 1L Cz\'> 8 8

2.975 s

P - Lasers

T T T e To T ide To de o o de ila il gbas dee e L
-3 =20 -0 0 W 220 30 ﬁ\ 50 80 T0 80 %0 100 110 120 130 140 (50 180
' Laser latency
+ ;- } Laser sequence

Laser trigger Light
Ch measutement
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_ Light distribution system: lot of fibers ... =

e Key point:
e Stability with respect to laser modes:

» Break photons coherence

» Diffusing spheres — dispersion
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, Mastering systematic effects =
saclay
e Temperature (AG/G = -2%/°C) "0 E ouis Preliminary 2011, e aores

e Stabilized to better than 0.1°C (EE) 1o° EcaL Endeaps |0 0 o0eas

and better than 0.05°C (EB)

© IIII| l III\III| I III\III| I IIIIIII| [T TTTI

107 _E
10 -
e HV (AG/G = 3%/V) i o
e Stabilized to better than 0.05 V 002 004 0s6 008 (005)-1
o _CIIUISI Prl'elilmilnalry I20‘|I1 ——— ]
. E - ECAL Barrel —L .
e Laser fluctuations S 300F E
L = _
. O C 7
e Amplitude > e :
» Electronic linearity calibrated 5 200 | E
. o - ]
150 —
e Pulse shape/position g 50F :
» Toolbox developed based on Z 100 3
* SPR of electronics channels 50; _
 Actual laser pulse shape 05 o _LIJ L
1 -0.5 0 0.5 1

April 22nd, 2013 M. Déjardin - CHEF 2013 d0Gain/Gain (%)
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Laser parameters stability S

saclay
@' 40 [—=---2011 Quantronix data
g ———— 2012 Photonics.data b‘WHM
I
35 1
— I ‘ 1
25| T
L A H
— | - i :
20 Z I f = f f ﬁ .
_I 1 1 1 |

i 1 | 1 | 1 1 | 1 1
21/07 04/08 18/08 01/09 15/09 29/09 13/10 27110 10/11 24111 08/12
Date

1 1 | 1 1 1 | 1 |
03/03 17/03 31/03 14/04 28/04 12/05 26/05 09/06 23/06 07/07

- 2011 Quantronix data

F—— 2012 Photonics data ’| Amplitude

C Ishk
¥

AD
(=]
[=]
[=]

amplitude [
]
[=]
[=]

600

400

200

_— N Eand

1 1 1 1 | 1 1
03/03 17/03 31/03 14/04 28i04 12/05 26/05 09/06 23/06 07/07 21/07 04/08 18/08 01/09 15/09 29/09 13/10 27110 10/11 24/11 os/iz
Date

;

2011 Quantronix data

— 2012 Photonics data Position

position du pic [horloge LHC]

=) & Tjw k | Ak ﬂ

1 1 1 1 | | 1 1 1 1 1 1 1 1 | 1
03/03 17/03 31/03 14/04 28/oa 12/05 26/05 09/06 23/06 07i07 21/07 o4ajos 18/08 01/09 15/09 29/09 13/10 27110 10/11

1 1
24/11 08/12
Date



irfu

saclay

® During low irradiation period (HI runs)

CMS Preliminary 2011
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Radiation collateral victim: The noise term G
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Controlling the corrections:

10° o
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Controlling the performances : Z° =
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— 2 [ T . N T — T T
ES = CMS Preliminary 2012 3 4: CMS Preliminary 2012
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: m - :
[ ] - SO S S, O [
o 1.7 o 3F
2.5
13 5_ .................................................. 2 :_ .................... e
- A Prompt reconstruction B 5 A Prompt reconstruction
1 2 :_ .................................................. -
- 1 5 [ e
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Identifying the vertex ——

saclay

e No longitudinal segmentation of ECAL
e No shower direction
® Vertex assignment

e Based on tracks and di-photon system Kinematics for non
converted photons

O Based on electron tracks for converted photons
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o o e 4
- N - Yot WF
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Events /(0.5 GeV )

e Use of « golden » category

Higgs boson with ECAL only ?

e Not converted photons

e Canonical showers (R9>0.94)

e Photons in barrel

4%7 Simulation

—— Parametric model

o, =163 GeV

FWHM = 3.36 GeV

FWHM/2.35 =

.43 GeV (1.13 %)
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=15 120
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Hgg vertexing S

saclay

trueI <10 mm
T
}
‘
¢
¢
’
he
¢
$-
trueI <10 mm
| T _:L
¢

o
(0]
‘
o
o
¢
o

fraction |1z - z
¢
fraction Iz - z
®
¢
:
$
*ﬁ
e 3
&
e -
+
+

o

)

o

o
I

0.4 S T S 0.4 S S—

| cMs Prellmlnary Slmulatlon H—>§yy | CMS Prellmlnary Slmulatlon Heyy :
| <PU>=19.9 m,, = 125 GeV L <PU>£19.9 | ; ? - m,=125GeV.

0IIII|IIIIIIIIIIIIIIIIIII OII||||||||||II|IIII|IIII|IIII|IIII|

0 50 100 150 200 250 5 10 15 20 25 30 35
p;/ (GeV) number of reconstructed vertices

April 22nd, 2013 M. Déjardin - CHEF 2013 43



irfu

Mass, couplings and strength N
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Vs=7TeV L=5.1fb"
CMS Preliminary

\s=7TeV L=5.1ib"
Vs=8TeV L=19.6fb™ CMS Preliminary

Vs=8TeV L=19.6fb™

uqu+VH

922 123

124 125 126

uggH+ttH

127 128
m, (GeV)
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CiC vs MVA =
saclay
MVA analysis | cut-based analysis
(at mpg=125GeV) | (at mpy=124.5GeV)
0.65 0.50
7 TeV 1.69:{888 2.27;8_gfll
8 TeV 0.5518:% 0.9318%%
7+ 8 TeV 0.78" % 1.117535
Data Signal MC
(Background MC agrees)
April 22nd, 2013 M. D¢jardin - CHEF 2013 45



MET
Electron
Muon
Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1
Untagged 0

CiC vs MVA

—l——— CMS preliminary
Vs =7TeV,L=5.1fb' (MVA)
— Vs =8TeV, L =19.6fo' (MVA)
—l- Event Class
[] combined

my =125.0 GeV
0/Ggy = 0.78+0.26-0.26

5 1(
Best Fit G/GSM

MET
Electron
Muon
Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1
Untagged 0
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CMS preliminary
Vs =7TeV,L = 5.1 b (CIC)
Vs=8TeV,L=19.6 fb' (CIC

—l- Event Class
|:| Combined

— m, =124.5 GeV

/0.4y = 1.1140.32-0.30)

10
Best Fit G/GSM
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Local p-value
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CiC vs MVA

r .-. _a"‘ g
B :.} et
- . K4 o —
» Kd *
;_.‘ e V -7 ‘ " =
= ~ Py L4 =
— \_\ ‘,' ‘O -
:. ~ ~ - "’ 0' :
- ~§~ h ~ - - 4 < 'O' —
> ~ L o

= ’.‘ N S " ——
= KR — H—vy Obs. =
- L 2 —

BT —*{==e Exp.for SMH |4
- §~ —mm » - —
[ L L UL V» — 7 Tev N
£ CMS preliminary (MVA) | ... Vs = 8 TeV E

30

40

110 115 120 125 130 135 140 145 150
m,, (GeV)

Local p-value
o

—
<
N

103

107°

irfu

saclay

CMSNs=7TeV,L=5.1fb"Ns=8TeV,L=19.6fb"
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