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The H—yy search channel
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« The H—yy search channel played a crucial role in the discovery of a new resonance
at a mass of 125 GeV

— Small branching ratio, but very clear signature
— Narrow resonance of two high Et photons over a non-resonant background of genuine or fake di-
photon events

 The discovery potential strongly depends on the invariant mass resolution
— Energy resolution
— Position/angle resolution
—  background rejection (11%y separation)

1CMS 1t .1 | Observed excess consistent with
%;2000 - CMS Preliminary —4— /8 Welghled Dets i ! | anarrowresonance with a mass
® . S+B Fi ) L |
(51800:— S = gle\\;. t=g; :s: ...... B F"t‘COmpmm Ry, o/ S of around 125 GeV at 4.10
©1600% 410 L [BAfb! @T7TeV + 5.3 fb @ 8TeV]
1400 AW
2 5 3 \J
§1 200 =
>1000}-
W F
'D —
3 800} :
K e —
S 600+
g ok Y . 2% i e AR
200 - CMS Experiment at LHfC, I{IJEI"\;N .
- Data recorded: Sun May 13 22:08:14 2012 CEST

Run/Event: 194108 f'564224q00 P

l 1 1 1 l 1 1
1 20 1 40 Lumi section: 575 -

4
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The electromagnetic calorimeter of CMS (ECAL)
—  Description and performance
— In-situ operation

Energy calibration

— ely energy measured with ECAL

— Response stability and channel-to-channel calibration
— Energy corrections

Qualification of the performance with Z—ee events
— Measurement of the energy scale and resolution

Impact of the performance on the H—yy signal
—  Progress in understanding ECAL

Summary

06/12/2012 f. de guio
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The CMS ECAL g
BICOCCA

. ><° Bl Outside
- ECAL is a homogeneous, compact, = CiTeo
1.8 CTiB+TID

hermetic, fine grain scintillating calorimeter
composed of 75848 lead tungstate crystals
(PbWO4) organized in barrel (EB) and

endcaps (EE)

[ Pixel
1.6 I Beam Pipe

1.4
1.2

0.8
0.6
0.4

« Excellent energy resolution for photons and
electrons (H—-yy, H—ZZ —4e)

0.2

ECAL upstream material

Y- N

e ~4.5 photo-electrons/MeV
S& ECAL preshower: | © high density (8.9 g/cm?)

” ©1.65 < In| < 2.60 e small Moliere radius (2.19 cm)
P ® Ppb/Si (~3Xo) * short rad. length (0.89 cm)
a ECAL barrel: . Transparedncy Zariation Vﬂth radiation
®|n|<1.48 [measured and corrected]

® 61200 crystals
ECAL endcap: °® 2.2x2.2x23 cm? (~26Xo)
® 1.48 <|n| < 3.00
® 14648 crystals Response spread — Intercalibration
® 3x3x22 cm? (~25Xo) Response stability — Stabilization and monitoring

¢ excellent energy resolution
[0.5% at high energies]

06/12/2012 f. de guio 4
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Energy resolution and performance  /M'N 4
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« ECAL ‘standalone’ energy resolution measured at test beams (120 GeV electrons)
— No magnetic field, no material upstream of ECAL
— Negligible systematic term from channel response variations (inter-calibration)

Energy resolution for central impact on 3x3 arrays of barrel crystals

R : 2.8 A 0.128 A 030 Stochastic term (g)
i 3% .
B \/E(GeV) B(GeV) Noise term (B)
% Y J | Constant term (C)
LOL::: 14 I 3x3 resolution
° Results used to tune MC simulation ué' 12 E_ ® no hodoscope cut

® hodoscope cut 4x4 mm?

e At high energy, the photon resolution is

T‘IYI

dominated by the constant term C 08
- Additional contribution to the energy resolution in o6 E
CMS: E
— Environmental stability and response uniformity A -
— The target is to keep C ~ 0.5% 02 [ central impact
0 ;11111111111.111111111111
50 100 150 200 250
E(GeV)

06/12/2012 f. de guio 5
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In-situ operation . ). -

= = = 077 7
« ECAL stably and efficiently running = CMS Preliminary 2011 _ oy pog [ 0049
—  Fraction of working channels stable in the last three T % ECAL Endoaps| Moo 004199
years: EB 99.2%, EE 98.5%, ES 96.9% e e oo
—  Temperature stability: 10° =
- negligible contribution to the energy resolution constant - 3
term if temperature of the Barrel/Endcap stable within 10 i
0.05 °C/0.1 °C
—  High Voltage stability (EB): e _ BE BRLAE
- APD gain very sensitive to the bias voltage: 3%/Volt 0 OIOE{MS 000-1
- High Voltage stability: ~0.1% contribution to the C term (C)
. . - > _QMS.l#re_l.n_mmary.zé,ll..pp.'m\ﬁ:z_xe_v ______ UNRER
« Excellent triggering efficiency (Level-1 ely © det e
trigger with 15 GeV Er threshold) 2 [ vesboaissosy
—  Efficiency estimate with the tag and probe method from = 0.8 _: i
the Z—ee decay - “;;zf;:f:;f;”
- at 100 GeV: 99.95% in EB and 99.84% in EE 0.6 i
— Response corrections applied at trigger level since the i ; ::Zf;ps
beglnnlng Of the 2012 run 04__ ...........................................................................
- Removal of anomalous signals already at 02_ ........... ,,,,,, ..... ___________ ,,,,,, 4444444 :
— consisting of isolated large signals coming from the 0 ;
direct ionization of the active silicon layers of the APDs 1 10 E [G1gV'
T .

06/12/2012 f. de guio



> ECAL energy calibration wen P

* In-situ calibration to get the best estimate of the energy of ely

 Energy spread over several crystals =

Ee/y = Fe/y'G'Zi Si(t)'Ci'Ai]

® A;: single channel amplitude (ADC counts)

® Ci: inter-calibration constant

® Si(t): time-dependent correction for response variations
® (5: global scale calibration (GeV/ADC)

® [ particle energy correction (geometry, clustering, ...)

 The intercalibration [ci] and the response stability [Si(t)] precision directly affect the
constant term C

* In-situ calibration and monitoring sources with collision events

- Tr°/I1—>V\_( mass Dedicated high-rate
—  @-and time-invariance of the energy flow calibration data streams

per crystal in Minimum bias events
— Electron E/p and Z—ee mass

 Energy scale and resolution (and efficiency and particle id)
— Z—ee and Z—upy

06/12/2012 f. de guio
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= m = m = n ; ; .\(‘ —Z_
'ECAL response variation with irradiation /NN |24
= gicocca
 The PbWOs4 scintillation mechanism is not affected by irradiation.
But irradiation causes: i , , ___CMS Preliminary 2011-2012
— variations in crystal transparency % S ke vl vl S
S B e — ‘ — ] e
— VPT ageing 1 S e — 5§ =R XW
[0} & \' “v \Vw \V«r oo ;;:b\ %
: : : e 08} “w A\ :
 Response monitored with laser light at S o7 | . | » . .
T . . A F W&y 4 1 es
440 nm (close to max. scintillation S esl  m<ta Nl L8 VAN
. . 2 A S<nl<1.8 » '
emission) and 798 nm 5 os| 1s<m<21 - | \\.
— f 22 1< <24 »
0.4 | 2.4<=2}<2.7 { ¥
¢ CI'ySta| response to Iaser and em 0.3 3 2.7 <n| @ Cycle of response loss during iradiafion |
. . ' technical stop and recovery in beam-off periods evident
shower light linked by S/Sp = (R/Rp)* 0.2 Lovvvrnenios I
Q\\\\ 65\\\ Q"’\\\ 6\\\\ Q"-‘\\\ \"\\\ Q\\\(L 69\% &\\q’ 6\\0
3 date (month/year)
APD f s
ver) 4 e S ,
g 1 * creation of colour centers
7 PN which absorb the scintillation light
= PN @ * rapid loss and recovery of
® . . )
g - the optical transmission under
25 irradiation (few hours)
* LHC cycles clearly visible

\ « depends on the
30

crystal manufacturer

Eery = Fery-G-2i [ Si(t)-Ci-Ai]

o T

Lasers

|0

Laser data

X0
<

06/12/2012 f. de guio 8



CMs . - _ Y IRSA
~  Monitoring the stability of the response vs time /NN N/

— e T 1
LILIL Y L L ALL L o
% 1'02_ CMS Prellmlnary 2011 I With!LM correction 1 [[Mean 11 Stable ?nergy Scale after
5 01____§ _____ 7TeV L= 4_99_{9 __________________ —— without LM correction ] [[RMS _ 0.0012]| correcting for response changes.
o V'L : : E— 1/LIVI correction ]
0 5 ' [ - '
o L T
= 1_1"‘* gﬁ&n ------------ AL T %"iﬁi ”h‘] i | « Barrel
2 0.99 f = 3 | — <signal loss> ~ 2.5%,
- = | —  RMS stability ~0.12%
3 - |+ Endcap:
= o —  <signal loss> ~10%,
- EC;AL Barrel | | | | —  RMS stability ~0.45%
0960005 02007 01/09 20 40 60
date (day/month) ] ]
 Corrections include:
% B CMS Prellmlnary 2011 " —e— withLM correction : Mel,an|||1 B Barrel: a = 1.52
3 1.05— s._.7..TeV....L._.4 98.fb .................. —e— without LM.correction..._| RMS 0.0045 | — Endcap: <a>~1.28
o B ; , — 1/ LM correction : ]
o[ 11
© : : :
g . ; | = Further tuning of the corrections in
| i | progress:
0.9 e ; — Residual effective corrections from E/p
q o | and ¢ history
0.85 e e N T ]
02/05 02/07 01/09 0 10 20 30 40

date (day/month)

Eery = Fery-G-2i [ Si(t)-Ci-Ai]

06/12/2012 f. de guio
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-1 Monitoring the stability of the response vs time [N'N

% —=\ e 1

—~ 25

CMS Prellmlnary 201L| EB

n CMS Prellmlnary 2b11 EE: 1
L=4.98 fb‘ |

(o)}

O’CB/mZ (o/o
N
l T 11
O'CB/mZ (0/0)

R B e S e 8 it

® with LM correction

0_5: ® with LM correction

0 | | | | : | | | =
02-03 02-05 02-07 01-09 01-11 02-03 02-05 02-07 01-09 01-11

date date

o

ECAL resolution (from Z—ee peak width) stability before and after the application of

Laser Monitoring corrections (LM):
— ECAL Barrel: resolution stable within errors
— ECAL Endcaps: resolution worsens by ~1.5% in quadrature

* Further tuning of corrections and/or pileup effects is required
— e.g. in-situ measurement of the ‘effective a’ at single crystal level

Eery = Fery-G-2i [ Si(t)-Ci-Ai]

06/12/2012 f. de guio 10



Single channel inter-calibration NN

W= (% BICOGCA
c 0.02———————————— = 0.05; ————
% i CMS Preliminary - ECAL Barrel | % - CMS Preliminary - ECAL Endcaps =
S i _ O i i
D - - O 0.04 ination | —

O 0.015F —+— 2010 Combination |- o - —*— 2010 Combination |
S ! —=— 2011 Combination | - S C = 2011 Combination | -
"CE; i 1 "é 0.03 :._ """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ]
g 0 | _A__ _9 - ]
S - . S i |
O - A, B A —Aa—H
T i =.=:-: _.__‘_ | (3 002 i “m A__A e _—A—_A_—.— A
-'CIC_'J 0.005 I o s A ATAT | 2 i - g - " -
— . AT B _ _ """"""""" - N (- | —— |
1—!——‘—:‘:*—:-_—‘—!—‘-‘” : = —  0.01 L | v
B 1] i IRR=
I 1 - 1| R
O ! ! ! ! | ! ! ! ! | ! ! ! ! \ _| | | | | | | | | | | 1w
0 0.5 1 45 2 2.5

« Several methods to calibrate in-situ:
— @-symmetry calibration: invariance around the beam axis of energy flow in minimum bias events.
Intercalibrate crystals at the same pseudorapidity.
— 1% and n calibration: mass constraint on photon energy, use unconverted y’s reconstructed in 3x3
matrices of crystals.
— High energy electron from W and Z decays (E/p with single electrons and invariant mass with

double electrons).
Eery = Fery-G-2i [ Si(t)-ci-Ai]

06/12/2012 f. de guio 11



Impact of the calibration on the Z—ee peak '¥ w4

'g;. ~~BICOCCA
><1O3
% s - CMS Prellmllnalry 2011 7TeV ——— e | |-
O] mpact on the reconstructed di
T 100L =4.98 fb" Z Intercalibrations (LC) electron invariant mass of:
2 80:_ e IC + monitoring corrections — @nter-cal@brat@on coefficients |
L%J " ECAL barrel — Inter-calibration + laser corrections
60 —
e « The three inter-calibration methods
i are approaching the asymptotic
20 precision in EB
B — The estimate of the IC and their precision
0 oo is in agreement in 2010, 11 and 12 data
14000 =TT — So_me improvement can _be obt_a_li_ned
8 - CMS Preliminary 2011, 7TeV |~ trying to correct for time instabilities
- 12000 “L=498fb" ON @ | Intecalibrations (IC)
2 10000 - e IC + laser corrections
. so0ol ECAL endcap - On top of the single channel
. calibration, ely dependent
6000 — algorithmic corrections based on
4000F- simulation (MC) are applied.
2000 —

Eery = Fery-G-2i [ Si(t)-ci-Ai]

06/12/2012 f. de guio 12
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= nergy correcilions v Ml

« Cluster energy corrections vs pseudo-rapidity for non-showering and showering

electrons:

— compensate for unclustered energy and energy not reaching the calorimeter: strongly related
to the amount of material in front of ECAL.
— energy lost inside gaps: intermodule boundary visible in the Barrel

* Current best corrections from an MC driven MVA analysis including shower
location, shower-shape, and global event variables

CMS Preliminary 2011

N n 1 1 ]
S 1.145 — ECAL barrel - R9>0.94 —— ECAL endcaps - R9>0.94
T 110 - —— ECAL barrel - R9<0.94 —— ECAL endcaps - R9<0.94 3 —> [nter-module
2 - / - boundaries
o 11 / 2 . —
O - :__-.' ‘-:‘ --,":‘ ]
5 1.08 - / / ,N’M E —> Preshower edge
O 1.06F 1 —
O - 't ]
vV 1.04 / i wf"'" =

1.02f- =,

1 WJ
[ | o | |
O'980 0.5 1 1.5 2

- Eery = Fery-G-2i | Silt)-Ci- Ai]

06/12/2012 f. de guio 13



Chus, ] M -
- Energy corrections e P
— e T 1
. Studled E/p VS n % 106 (ZDMS Il3rellimirl1ar3120'11
— ad-hoc p calibration obtained 3 *E
from Z—ee events applied 2 E
Rl=
— fit each n ring with a template T 098f
distribution 0.96 =
0.94;—
— MC is flat & Fey well tuned 0.92—
0.9;—
— data/MC difference used to 088~
adjust the scale along n 08552
QM$ 2011 IPIreIilrrllipary” : ECAL Barrel
L Freaer o Broduss T T Foduas T T Feamas 11 ¢ Studied E/p vs local n
8 1- ......................................................................................................... a” ECAL folded |n 1 Crystal
o I
T four n regions defined
g 0_99-_ ............................................................. Y VAN e W INVRUNTS 4 SUNUUSRRTITUSUII V. S
% — residual dependence on the
e IR <SSR (00 cOURNURURURORROON - . WA SOOI S electron impact position
| —e- DATA - w/ correction observed
S Shatakamiaoioios SRR SRR OF S
i I BN BT R . T P P P PR e il 48 P P A R N
-02 0 02 0645-04-02 0 02 64§-04-02 0 02 904§04-02 0 0.2
Eery = Fery-G-2i [ Sit)-Ci-Ai]
o> |<Tol o> [0 lo——>| |<clo o> | |<—o
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Energy and mass resolution
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CMS 2011 Preliminary, \s=7 TeV, L = 4.98 fb

« The Z—ee invariant mass peak e
is the main tool to estimate energy - ECAL Barrel . —— Data(inclusive) 1

: 0.05[ ; ; —]

resolution and scale. : i | —— MC (inclusive) .

. . 0.041- | E —

« The Z—ee events are fitted with - I i +ys
. . B . 4 |

the convolution of a Breit- ~.,0.03[ ; i T
Wigner and a Crystal-Ball SHE i i o -

'f t_ 3 ' _4_7*“ _
unction. 0.02F - ., o -

B —— I""—H%é{ﬂ_%_ﬂ__n_*?'wﬁ _

EI-D-_D_—Dq_D_rD-'-D— ' ' :

« An extra-smearing is applied to 0.01 =
the SimUIation in Order to matCh O: | | | | | | | | :I | | | | | | :l | | | | | | :I | | | | | :I
the energy resolution measured in 0 02 04 06 08 1 12 14

the data

CMS Prellmlnary 2011 Data Lum| 4 98 fb

Data

A m= 0.260 = 0. 004 GeV/c?

50000} o, = 1.559 + 0.005 GeV/c?

eEnergy scale:
econsistent with PDG within 0.6% syst.

4oooo_

30000

Events / ( 0.5 GeV/c?)

eEnergy resolution:
.01 GeV/c? for low bremsstrahlung
|.56 GeV/c? inclusive category

20000}

10000}

90 100 110

M, [ GeV/c? ]

70 80

06/12/2012

SuperCluster In|

CMS Preliminary 2011 Simulation Lumi = 4.98 fb'
_T T I T T T T I T T T T I T T T T I T T T T I T T

MC

A m= 0.38=0.01 GeV/c?
50000
Ogg = 1.29 + 0.01 GeV/c?

) 40000

30000

Events / ( 0.5 GeV/c?)

20000}

10000}

100 110

M, [ GeV/c? ]
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Energy and mass resolution
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e Room for improvement in EE
reduce the inter-calibration
systematic effects

optimization of cluster corrections

e Tuning of the simulation in order
to reduce the data-MC
discrepancy:

single crystal response description

energy and geometry corrections
tracker material description

 Consistent results from Z—ppy
both in barrel and in endcap

0.09
0.08
0.07

L 0.06

\o“J 0.05
0.04

0.03
0.02
0.01
0

eEnergy scale:

eEnergy resolution:
©2.57 GeV/c? for inclusive category

econsistent with PDG within [.5% syst.

06/12/2012

CMS 2011 Preliminary, Vs= 7 TeV, L = 4.98 fb

: | L | L | L | L | rrrryprrrryprr T T T T T T :|_
— ECAL Endcaps —— Data (inclusive) 3
;_ —=— MC (inclusive) _;
L :
E-—EI—- — —f— '—i—‘_*-;
E_ _D—-—l—- — ’ Y —— _E
E_ —H——D_'_D—_D——n—_‘:’——n—_‘:’_'_[::z
EI 1 | 1 11 1 | I | | I | | I | | I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 ;i'
16 17 18 19 2 21 22 23 24 25

SuperCluster In|

CMS Prellmlnary 2011 Data Lumi = 4 98 fb' CMS Preliminary 2011 Simulation Lumi = 4.98 fb'
_T T I T T T T I T T T T I T T T T I T T T T I T T

..................... —_
Am 0.05 + 001 GeVv/c? No 6000 A m= 0.02 = 0.02 GeV/c®
Ogg = 2.57 = 0.01 GeV/c? D t = M( f
a a % Ogg = 1.78 + 0.02 GeV/c?
5000
O] L
lo} B
© 4000
~—" -
~ B
_'(L) -
= 3000
[0) B
T ¥
L 2000
1000~
o= Tl TS |
70 80 90 100 110 70 80 90 100 110
2 2
Mo [ GeV/c? | Mo [ GeV/c? |
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1 Impact of the performance on the H—yy signal '"**

< DEGLSTUDI

« All the improvements in the understanding of the ECAL energy reconstruction and
corrections contribute significantly to enhance the H—yy discovery potential

* Inclusive H—yy invariant mass distribution after the MC energy smearing

« (Golden category (unconverted photons in EB):

July 2011
re-reco
FWHM/2.35 =
1.80GeV (1.50%)
oL :  CMS prelimi N
N§ 1.2:— %Sim lati A& Si'\r/,l]u|2trg:1mlnary §
8 1.0 [ —— Parametric Model All CaFegories 8
To NS Combined )
@ - 0, = 2.40 GeV/c? @
o8t o
N =z
42 0L FWHM=428 Gevic? *UE)
g "t :
Y04l m

0.2f
O :':;*;:::‘:‘:.::*;::‘:E"Ej!i?""" L 1 20 L "-=‘-. .................

m,, (GeV/c?)

06/12/2012

March 2012
Moriond
re-reco
FWHM/2.35 =
1.40GeV (1.17%)

%  CMS preliminary
©  Simulation

O = 1.82 GeV/ic?

FWHM =3.29 GeV/c® | &

120 130
m,, (GeV/c?)

—To

Used to set the limit

July 2012
ICHEP
prompt-reco
FWHM/2.35 =
1.57GeV (1.31%)

5 CMS preliminary
&  Simulation

| = | | | ‘ | | | |
110 120 730

Events 7 ( 0.5 GeV/c )

m,, (GeV) y

FWHM/2.35 = 1.04 GeV (0.87%)

July 2012
ICHEP
re-reco

FWHM/2.35 =
1.35GeV (1.13%)

g CMS preliminary
ft  Simulation

All Categories Combined
- 2
— Oy = 1.76 GeV/c

FWHM = 3.18 GeV/c? &
I

ol !
120 T30
m,, (GeV/c?)

—o
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« Stable and efficient running during 2011 and 2012 data taking

— Negligible impact on the energy resolution from the operation of the cooling and high
voltage

— Data taking efficiency: > 97.5% for ECAL, nearly 100% for the preshower

« Excellent performance

— Decisive contribution to the discovery of a new resonance with a mass of 125 GeV
— Mass resolution of 125 GeV Higgs boson decaying to two photons: 0.87% achieved for
golden category in the barrel

« Still room for improvement in the endcaps (less contributing to the H—vyy

sensitivity with respect to the barrel)

— tuning of the inter-calibration and energy correction to the data
— tracker material description in simulation

06/12/2012 f. de guio
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The Compact Muon Solenoid

Total weight: 14000 t
Overall length: 28.7 m
Overall diameter: 15 m

TRACKER
Pixels: ~66M ch. ~1m? Si sensors

Strips: ~9.6M ch. ~200m? Si sensors

tracker coverage: |n| < 2.5 Muon chambers
: drift tubes +
o 3.8 T solenoid / resistive plate chamb. +

cathode strip chamb.

ECAL
EB/EE: ~76k scintillating
PbWOQO; crystals HCAL
ES: ~136k ch. - Si strips ~7k ch. - plastic

scintillator/brass

06/12/2012 f. de guio 21



Crystals and photodetector NN

e PbWOq4
e high density to allow a compact calorimeter (p = 8.3 g/cm?)

e short radiation length (Xo = 0.89 cm = a crystal is about 25 Xo)

e small Moliere radius (n = 2.2 cm)

e LY spread between crystals ~10%
e LY variation with temperature: -2.2%/°C

* transparency variation with radiation

¢ Barrel photo-detectors: Avalanche Photo Diodes
e two APDs of 5x5 mm? per crystal: ~4.5 p.e./MeV
e nominal gain: 50
® gain variation: AG/AT =-2.4%/°C, AG/AV = 3.1%/N

e Endcap photo-detectors: Vacuum Photo Triodes
e one VPT of ~280 mm?Z per crystal: ~4.5 p.e./MeV
e gain spread among VPTs ~25%

06/12/2012 f. de guio
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CMS Preliminary 2011, \'s =7 TeV

CMS Preliminary 2011, \'s =7 TeV

:I 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 I: N 180__I 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 I__
600 - Data,L=4.89fb™! Fit Parameters: - % 160 f_ Data, L =4.89 fb! } Fit Parameters: _f
- ECAL Barrel M(EY) =0.87x0.13 % 7 v 1403_ ECAL Endcaps ) M(EY) =061+028 % -
5001 O(E)=222+015% 4 : % ' G(E)=481+035% 1
= v 1 I 120 ! =
400 4 £ 100 =
u q 9 - .
3001 4 5 80F \ E
200 = OF . E
- . 40— ]
100 - o y E
= = W= tepemamalanmyepupajanmn gy ah e d oy PP FOgw= o T R L L L L LR LI AT E L L LY LAY o ok

% 75 80 8 9 95 100 105 110 Y 75 80 8 9 95 100 105 110
m,,,, (GeV) m,,,, (GeV)

Invariant mass distribution of Z—ppy final states from 2011 DATA. The photon energy

scale and resolution are extracted from de-convoluting the Z line shape in this final
state. The inclusive categories are shown.

electrons from Z->ee decays.

The energy scale and resolution are in agreement with the values measured for
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E/p template method T V-
e The E/p variable can be used to study the ECAL relative energy scale
e Eis the electron energy as measured by ECAL e > Elp ~1 for non-showering,

: well reconstructed electrons
* pis the electron momentum as measured by the tracker e——

e |mplicitly assuming that all instabilities arise from E

e ad-hoc momentum calibration applied in specific cases (e.g. studies vs. n)

i@

e Build an E/p template distribution T from data and fit it to a subset of the same e 2
data, scaling E of a factor k % &

g T g e % §

f(E /p) - N' K . T(K E /p) % 7005_EB ;::n:foz.sogg 0.0013 % EE ;?n:fo;aoégg 0.003 g g
600} T 16 O

1/x = 1.003 = 0.001 1 1h=1006x00034 4= L=

500F- w2Indf = 0.78 3 ¢ TN s@mndf=1.04 A 8 8

. - 1 150 ‘ I

* 1/k = relative scale of the o : : 15 8
subset w.r.t. the template soof- 1 o : 123
2001~ - B } R 1‘%0 it % QCJ

E S0f- AR +1:*»++¥* T

g % E E:,.”’t.«" T NG 3

T e ke v S T R v vl

B/ Py, B /P, 5 2
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Chus ] ) RS
1 Impact of the clustering on the Z—ee VN _|X
s = ’ “BICOCEC
x10°

> 120 - T T T T > 14000 ~ '~ T T T

0] ~ CMS Preliminary 2011, 7TeV Esis crysa 3 : CMS Preliminary 2011, 7TeV Eiuscrysas
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The plots show the impact on the Z—ee energy scale and resolution from the
incorporation of more sophisticated clustering and cluster correction algorithms.
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H—vyy backgrounds

Events / GeV

* Irreducible background is

dominant;

— 70% from 2 prompt photons

~Tr Y’T_T"F’FY_T ‘T_' T Ty “T‘r‘?

900 CMS preliminary

Ns=7TeVL=51fb"

;
2
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P MVA categories LI = |
W “~BICOCCA

« Class boundaries optimized to give the best expected limit using MC background

—— MC Background

B ggh 124GeV CMS Preliminary
— vbf 124GeV Simulation

—— wzh 124GeV
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fraction of events/0.04
o
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di-photon MVA output
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Combined 2011+2012 H—yy results v _
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