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Discovery of a Higgs boson
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Probe lepton coupling: H2>tt
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BR(H — 77) = 6%

Yukawa coupling to fermions
proportional to fermion mass my

BR(H — pp) = (—)2 BR(H — 77)
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* Principles of the H>tt search
— fighting the main background sources
— need for high-performance physics objects

e Particle flow reconstruction
— What and why?
— The algorithm
— Physics object performance

* The CMS H—>tt analysis
— specific techniques
— results



The t, a massive (and challenging) lepton

\% * m=1.78 GeV
¢ - g * ct=90 um
W
Ver Vi1 u * Branching ratios:
— 65% 2T, 4V,

e 75%, > 1nt + [n%(‘s)] + v, (1 prong)

e 23%, >3t + [n%(‘s)] + v, (3 prongs)
— 35% 2> *vpyv,

* Decays into 1 or 2 neutrinos
- MET in the event

* Narrow “jet”
with only a few particle

— high jet to T fake rate (few %)
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H->tt channels

e m=1.78 GeV

* ct=90 um

Branching ratio

0.031. 0.031 Branching ratios:

1 — 65% TDT, 4V,
0.062 & mumu
e 75%, > 1nt + [n%(‘s)] + v, (1 prong)
“eec « 23%, - >3m + [°('s)] + v, (3 prongs)
0.42 V 0.23 e mu — 35% t 2 *vpv,

‘ & mu tau

“ e tau * Decays into 1 or 2 neutrinos
& tau tau = MET in the event

 Narrow “jet”
with only a few particle

- high jet to 1 fake rate (few %)
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H->tt channels

Branching ratio

0.031, ?.031
0.062 & mumu
Hmee
0.42
. 023 €mu
& mu tau
' e tau
0.23
tau tau

low BR and large background
Z2Ttt+ 22l

Low BR but very clean
Z>TT + ttbar

The most powerful channels
Z2>1t, W+jets, QCD

Large BR but large background
Z->1t, QCD
(jet—>1 fake rate ~ few%)



The H>Ttt—2> Ut channel

CMS Preliminary, ys = 8 TeV, L = 19.4 fb™!

. . ‘%30000 Ut —8— observed
* Inclusive selection: o B 1z
— identified and isolated =R Sigeo
1 & 1, with pT > 20 GeV 20000 - & ’ '

— rejects QCD & W+jets

* This background yield is
proportional to the
jet—>1 fake rate

15000 F

10000 f

0 P i PR S e
0 20 40 60 80 100 120 140 160

* mT <20 GeV m, [GeV]
— rejects W+jets & ttbar
* H>Tttatlow mT like Z2>1t

— separation performance
depends on E;™** resolution

my = \/ZpTEITniSS(l — cos(A@))

Transverse mass
mass of the p + E;™'S system in

the transverse plane
CMS-PAS-HIG-13-004



The H>Ttt—2> Ut channel

* |nclusive selection:

— identified and isolated
U & t, with pT > 20 GeV

— rejects QCD & W+jets

* This background yield is
proportional to the
jet—>1 fake rate

* mT<20GeV

— rejects W+jets & ttbar
e H>ttatlow mT like Z=2>1t

— separation performance
depends on E;™** resolution

CMS-PAS-HIG-13-004

CMS Preliminary, s =7-8 TeV,L=243fb"  H— 11

| ] L] | T T l
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¢ 3000 Czomr
- B clectroweak
— C
E‘;i 2500
R bkg. uncertainty
B
=2 2000
T
1500
1000
500

0 100 200 300
m,, [GeV]

Full Tt mass

includes neutrinos;
reconstructed from , T, E;Mss
(more later)



Vector Boson Fusion (VBF)
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The H>tt—2>ut channel: VBF cuts

before VBF selection

CMS Preliminary, s =7-8 TeV,L=243fb"  H— 11

| s T I Dot
* VBF selection: S woof O et
— 2 jets pT > 30 GeV z 2500 téé?umertaimy
— |An| >3.5 > 2000
— m;> 500 GeV h 1500
— no jet in between 1000
* Rejects 22Tt 500
* Uncertainty in 08 R
jet energy scale m,. [GeV]
- 5% uncertainty in
signal yIE|d Full Tt mass

includes neutrinos;
reconstructed from , T, E;Mss
(more later)

CMS-PAS-HIG-13-004



The H>tt—2>ut channel: VBF cuts

* VBF selection:
— 2 jets pT > 30 GeV
— |An| > 3.5
— m;> 500 GeV
— no jet in between

* Rejects Z2>1t

* Uncertainty in
jet energy scale
- 5% uncertainty in
signal yield

CMS-PAS-HIG-13-004

dN/dm_ [1/GeV]

after VBF selection
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“E 3 XX % bkg. uncertainty
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25 F . showing
20F 4 5xSM
15F i Higgs
10F ’
0.5 F 2
0.0 : L L L I L L L
0 100 200 300
m,. [GeV]
Full Tt mass

includes neutrinos;
reconstructed from , T, E;Mss
(more later)



The H>tt—2>ut channel: VBF cuts

 H—>1t separated from
Z—>TT using m_

— T energy scale uncertainty

* error results in shifted peak

— E™ss resolution
 drives the peak width

CMS-PAS-HIG-13-004

dN/dm_ [1/GeV]

after VBF selection

CMS Preliminary, s =7-8 TeV,L=243fb"  H- 11
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Full Tt mass

includes neutrinos;
reconstructed from , T, E;Mss
(more later)
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* Principles of the H>tt search
— fighting the main background sources
— need for high-performance physics objects

* Particle flow reconstruction -t ID efficiency and fake rate
— What and why? - T energy scale syst. uncertainty
- E;Mss resolution
- jet energy scale syst. uncertainty
- and much more!

— The algorithm
— Physics object performance

* The CMS H—>tt analysis
— background estimation & main uncertainties
— statistical procedure
— results



— Muon chambers

— tracker
— Solenoid

whole CMS system
— HCAL

Mak u's of the

N

all stable particles in
the event.

— a.k.a energy flow
— reconstruct & identify







Charged
hadron

HCAL
deposit

ECAL
deposit

Photon

Single list of reconstructed

Neutral particles:

hadron - all calibrated
- used to build high-level
objects in a consistent way
(global event description)



Particle Jets

For the first time in a hadron collider experiment
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Missing Transverse Erergy
Momentum

particles

For the first time in a hadron collider experiment
19



Why Particle Flow?

* Calorimeter jet:
— E=Eyen t
— o(E) ~ calo resolution

to hadron energy:
120 % / VE

— direction biased (B =3.8T)

* Particle flow jet:
— 65% charged hadrons
o o(pT)/pT~ 1%
e direction measured at vertex
— 25% photons
photon  o(E)/E~ 1%/ VE
* good direction resolution

charged
hadron * o(E)/E~120% / VE
— Need to resolve the energy
deposits from the neutral
particles...

20



ECAL Surface

* Atypical jet
CCAL /fml' — pT =50 GeV/c
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HCAL Surface

* Atypical jet
— pT =50 GeV/c
e Cell size:

— 0.085x0.085
— 5 ECAL crystals

crystals
h)
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2 charged hadrons, 3 photons

from ECAL clusters

from tracks

i<} I ? n
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Jets

energy resolution / 2
angular resolution / 3

Flavour dependence of
response / 3

Systematic error on JES / 2
« electronin jet » b tagging
quark-gluon jet tagging

MET:

T

— jet fake rate / 3 @ same eff.

resolution / 2
pile-up control
smallest tails

energy resolution / 4

Effects of particle flow in CMS

Electrons
— down to pT =3 GeV
— injets

vl

— 4% more efficient ID @ same bgd
rate

— better momentum assignment at
high pT
e, M, T, yisolation
— pile-up control
Physics analyses
— Better trigger for jets, MET, taus
(PF@HLT)

— e.g:
* FSR photon recovery in H>ZZ
* embedding in H2>1t
* jetsubstructure

24
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T ID performance

I -1 . .
CMS Preliminary 2010,\{§=7 TeV, 36 pb * 3 times less Jetet fake
n I I | l ] ..
"q's - O PTDR, W+jet i rate at same EfﬁCIEHCV
= i _2_ ?Tﬁg’xc}:r 2 | - 3 times less W+jets and
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0 100 200 300
m,. [GeV]
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dN/dm_ [1/GeV]
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T Energy Scale

CMS Preliminary,ys=8TeV,L=194fb" Ho 11 ZTT
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:_ [ g(e:tgroweak - + —+ Scale Up
. ] bkg. uncertainty 100 :—
‘ 80—
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C 20 +
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e fully hadronic (tt) channel

— 3% shift of T E scale

= 1-2 x sighal expectation

* |mportant to calibrate t energy
— done using the Tt mass .



pT<40

pT>40

T mass before calibration
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pT<40

pT>40

T mass after calibration
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miss : :
E.M resolution: m__

CMS Simulation {s =8 TeV HT CMS Simulation Vs =8 TeV HT
= 021 = 0.16[
% - —— H—-1tm, =125 GeV ? C —— H—-1tm, =125 GeV
Q 018 Q o1af
2 0-16:_ Zomw E.‘: r Z->1t
£ C s 0.12-
2 0141 = C
0.12F 016
0.1 0.08F
0408:— 0.06:—
0.06 C
C 0.04—
0.04F C
0.02 0.02;
O: I I TR PR RS N N AR M MR | 0_"' TR B B R —_
0 50 100 150 200 250 0 50 100 150 200 250
m,, [GeV] m.. [GeV]

m2,, = (p1 + p2)’ Myr = f(p1, pa, FRISS)

 H->tt better separated from Z—>tt (main, irreducible background)
* Resolution on m_.~ 20% (resolution on E;™S important)
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o(Eyy ) [GeV]

PF vs Calorimeter E;™'ss

N
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Resolution twice better
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o(u J_) [GeV]
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Data/MC

Multivariate PF E.-Miss

CMS Preliminary 2012
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| —=— MVA PF E, simulation ;

— No-PU PF E; data l
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number of vertices

several kinds of particle-flow EMss:

ETmiss
from all
particles
(PF ETmiss)

ETmiss ETmiss etc.
from from

pileup primary

particles vertex

particles

Multivariate PF

E,Miss estimation

e Additional factor 2 improvement @ 20 pile-up vertices
e MVA PF MET Almost insensitive to pileup

CMS-PAS-IME-12-002
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Jet Response: Flavour Sensitivity

_______________________________ CaloJets PF Jets

§ CMS simulation Js=7TeV CMS simulation Js=7TeV
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PF jet response almost independent
from the flavour of the jet-initiating parton

CMS PAS PFT-10-002
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Jet Energy Scale Uncertainty

10CMS preliminary, L = 11 fb™ s = 8 TeV 10 reliminary, L = 11 fb™ /s eV
| e | [ T T T I T 1T II T T T I T TTT T T_] | e | [ T T T | T T T T T T T T T ]
i - &= Total uncertainty - .°\:. - &= Total uncertainty ]
> oF — Absolute scale >, o9F — Absolute scale E
€ sb ~+Relative scale - € sF -+ Relative scale E
& - Extrapolation . & - Extrapolation ]
o = Pile-up, NPV=14 o = Pile-up, NPV=14 E
2 6E = Jet flavor E 2 6E = Jet flavor E
S OF - Time stability ] S OF -~ Time stability ]
O 5 . = O 5 . =
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45 . 1=0 E 2 4 p.=100 GeV e
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2; E 2- E
1 i 1 3
O 325‘255.5555;;! -5-'-'!'='=‘=!'='=!=!;!ggEEE:E-E 0 E L1 1 .
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P, (GeV) et

1-3 % Jet Energy Scale Systematic uncertainty

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsIME2013JEC



Part Ill

* Principles of the H>tt search
— fighting the main background sources
— need for high-performance physics objects

e Particle flow reconstruction -t ID efficiency and fake rate
— What and why? - T energy scale syst. uncertainty
- E;Mss resolution
- jet energy scale syst. uncertainty
- and much more!

— The algorithm
— Physics object performance

* The CMS H—>tt analysis
— background estimation & main uncertainties
— statistical procedure
— results
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Background : Z—2>tt

u CMS Preliminary,{s=7-8 TeV,L=243fb" " H—> 11
; 1 L] 1 L] I L] 1 L] 1 I 1 L] 1 L] I L] 1
—&— observed
T
3 3000 Wy CZour
- 0 jet @ clectroweak
— C3+
£ 2500 CQco
£ 322 bkg. uncertainty
©
—
-
©

0 100 200 300
m,, [GeV]

Select data Z=2> pp events
Replace muons by particles reconstructed from simulated Z—>tt
decay, and apply selection
Jets and E;™ss from data. Main remaining uncertainties:
— T 1D efficiency uncertainty (8%)—> affects the yield
— T energy scale uncertainty (3%)—> affects the shape
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Background : Z—2>tt

+
€8 1, Y CMS Preliminary, s = 7-8 TeV, L = 24.3 fb™, H - 1 1
1 L] 1 L] I L] 1 L] 1 I 1 L] 1 L] I L] 1
from T %‘ Ut —&— observed
¢® 3000 h 3 zom
- 0 jet @ clectroweak
— —
£ 2500 1 QcD
£ 322 bkg. uncertainty
T
\
-
T

0 100 200 300
m,. [GeV]

Select data Z=2> pp events
Replace muons by particles reconstructed from simulated Z—>tt
decay, and apply selection
Jets and E;™ss from data. Main remaining uncertainties:
— T 1D efficiency uncertainty (8%)—> affects the yield
— T energy scale uncertainty (3%)—> affects the shape
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Background : W+Jets

CMS Preliminary, {s = 8 TeV, L = 19.4 fb™ CMS Preliminary,{s=7-8 TeV,L=243fb" " H—> 11
m ; 1 | 1 1 I | 1 | 1 I 1 ] 1 1 I L 1
i
c 30000 —&— observed Q IJT —&— observed
g . HT e 0 3000 .h : Zo1T
L ’ Bl clectroweak p— 0 jet @ clectroweak
25000 [ — Ct
[1acp & 2500 C—JQcD
2K bkg. uncertainty £ X2 bkg. uncertainty
20000 S
Z
o
15000 normalizatio
10000 region
5000
signal
. 0 Ly T o e 0
region “p 2p 40 60|80 100 120 140 160 0 100 200 300

My [GeV] m.. [GeV]

* normalization to data in high mT region

e assume simulated shape = yield in signal region
— yield syst. uncertainty = 20%



CMS PAS HIG-13-004

Background : QCD

CMS Prellmmary tf_ 7 8TeV L 24.3 fb, H—> TT

I 1 L] L] 1 L] I
+ observed

3000 u/rh CJzortr
0 jet @ clectroweak
—

R bkg. uncertainty

e Select same-sign (SS)
Ut events

QCD., = data - Bgd..
QCDgs = fs5505 QCDgs e

dN/dm_ [1/GeV]

10% 1.06 £0.11 500

uncertainty from data 0
0 100 200 300

m_, [GeV]

* VBF category: not enough events in SS region

_ y|eId QCDVBF = finclusive%VBFQCDinclusive
20 % uncertainty

— shape from control region with non-isolated u



CMS PAS HIG-13-004

Event categories

CMS Preliminary \/§ 7 8 TeV L 24 3fb’

' 5><H(125 GeV)—»-:-:
3000 MT —&— observed
C z>we
B clectroweak
-  I—
- I:I QCD

O jet

constrains 5 channels:

systematic errors
u'th; eTh; EH, Ththl MU

for sensitive

categories
0 100 200 300
m [GaV1
CMS Prellmlnary, Vs =7-8 TeV, L = 24.3 fb™ 50 CMS Prellmlnary, (s =7-8 TeV, L = 24.3 fb™
— T T T T T T T T T T T — . [ 1 T T T T T T T T T T T
> b Sle(125 GeV)—tt 1 > v 5|><H(125 GeV)—wl
O 160 ‘lS 2 ’C
(5 B !‘:“ hiah —@— observed ] (5 4.5 —M —@— observed
et | 3 z-we - 7z
E 140 |- ] g p B clcctroweak ] E 4.0 '_2 let (VBF) B clectroweak
. =" 1 7 sl =}
g 120 L B2 bkg. uncertainty p g 3.5 :_ bkg. uncertainty
O C ] B C
2 100f 4 2 3o
© - . © C
o0 1 =
X ] 20F ;
60 |- 3 - , Showing
[ ] 1.5 F
Y h : ; 5x SM
X . 1.0 F i :
- ] g : Higgs
20 |- - 05 E .-
0 N o 0.0 : 1 1 1 I 1 1 1
0 100 200 300 0 100 200 300

m,. [GeV] m,. [GeV]



TT

S/B Weighted dN/dm  [1/GeV]
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Combined mass distribution

CMS Preliminary, \E 7-8TeV, L=24.31b"

T T T T | T T X @ T r. T
—@— Data - Background

Bkg. Uncertainty
7Z SM Higgs (125 GeV)

€-W,e-T ,U-T ;T~T, 40

—&— Observed
SM Higgs (125 GeV)_]
[ z-w
—

B clectroweak
I elels)

0 100 200 300

m. [GeV]

Combination of all
categories of all
major channels

Each is weighted by
the expected S/B in
the signal region



H = tt significance

CMS Preliminary, H—1t, L=24.3 fb™ m, =125 Gev
! 1 ' . ' | ' ' ' |
i —e u
ey
> ‘Ch‘th
et
— ut,
L VH-11+l
—*j Combined
| : | 1 L 1 |
0 2 4
best fit for G/GSM
All channels
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CMS PAS HIG-13-004

42



H = tt significance

All channels
compatible

CMS Prelim'inary, Hor, L=24'.3 fb:1 m, = 125 GeV
i I - I lllu
e
* ’Ch‘Ch
et,
._.,_ ut,
- VH-11+l
—*j Combined
L R —"

best fit for G/GSM

n=1.1+0.4

Local p-value

CMS Preliminary, H—tt, L=24.3 fb™
L] L] L] L] L] L] L] I L] L] L] L]

CMS PAS HIG-13-004

120

130

140
m,, [GeV]

Maximum significance:

2.93 06 @ mH =120 GeV (2.65 exp.)

First Strong indication that the new boson couples to t as the SM Higgs




H—=2>Tt mass measurement

A(-nL)

CMS Preliminary, Ys=7-8 TeV, L=24.3 fb", H-1t
40— T T 1T T
—e&— observed
3.5 — H(125 GeV) expected
30 I + 1o expected
) + 20 expected
2.5
2.0
1.5
1.0
0.5
1 !: 1 L L L I L 1L
0‘(?10 1 130 140

m, [GeV]

CMS PAS HIG-13-004

Due to low mtt resolution, compatible with:

- expectation for m,, = 125 GeV
- H>Z7Z->4 lepton mass measurement

44
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Summary

CMS Preliminary \s=7TeV,L<51fb" \s=8TeV.L<19.6fb"
.partlde flow dramatically i | ¢ SMHiggs @ Fermiophobic [ Bkg. only
improves the performance of Y I
CMS

— used in almost all analyses
* e.g.only 2 jet-based analyses don’t

use PF jets 1.5 B
First strong hint for H=>1t (2.940) i
main constraint on the coupling i

to fermions 1
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45 Ky Kgy Ky Ky Koy Kt | — Observed E s
405 ‘.“ - Exp.forSMH |1 0.5 __
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Statistics
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Recipe for a good particle flow

PF Jet,
pT = 140 GeV/c
Data

Separate neutrals
from charged hadrons

— Field integral (BxR)
— Calorimeter granularity
Efficient tracking

Minimize material
before calorimeters

Clever algorithm to
compensate for
detector imperfections
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Neutral/charged separation (1)

pT = 140 GeV/c
Data

Field Integral

e Strong magnetic field:
3.8T

e ECALradius 1.29 m

e BXR=4.9T.m
— ALEPH: 1.5x1.8=2.7T.m
— ATLAS: 2.0x1.2=2.4T.m
— CDF: 1.5x1.5=2.25T.m
— DO: 2.0x0.8=1.6 T.m
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PF Clustering, HCAL

ad]

= 2.4
-2.45
-2.5
-2.55
-2.6
-2.65

-2.7

-2.75

0L

HCAL
cluster

«— HCAL Tower
(25 ECAL
underneath)

'm_l_lllllllllllllllllllllllllllllllllllllll

Used in:
— ECAL, HCAL,
preshower
Iterative,
energy sharing

— @Gaussian shower
profile with fixed o

Seed thresholds
— ECAL:E>0.23 GeV

crystals. HCAL:E>0.8 GeV
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PF Clustering, HCAL

ad]

= 2.4
-2.45
-2.5
-2.55
-2.6
-2.65

-2.7

-2.75

0L

HCAL
cluster

«— HCAL Tower
(25 ECAL
underneath)

'm_l_lllllllllllllllllllllllllllllllllllllll

Used in:
— ECAL, HCAL,
preshower
Iterative,
energy sharing

— @Gaussian shower
profile with fixed o

Seed thresholds
— ECAL:E>0.23 GeV

crystals. HCAL:E>0.8 GeV
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PF Clustering, ECAL - Validation

-2.4

¢ [rad]

-2.45
-2.5
-2.55

Tracks
bent
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2 photons
from the m°

Number of photon pairs

* Right m® mass

¥

C m™=135.2:0.1MeV/c? D

O, =13.2+ 0.1 MeV/ ¢®

+7-TeV Data, 0.1 nb™

CMS Preliminary 2010

0.3 035

04 045
Mass (GeV/c?)



Iterative Tracking (1/2)

Developed for PF,
now standard

At each iteration:
— Reconstruct a set of tracks

— Remove track hits
— Relax constraints

Fast (~¥10 s / event)

efficiency vs pT

Iterative tracking:
— 1-2 % fake rate

A
Old “CTF” tracking:/(ﬂ

— 20 % fake rate

53



Iterative Tracking (2/2)

Efficient also for
secondary tracks

Secondary tracks
used in PF:

— Charged hadrons from
nuclear interactions
* No double-counting of the
primary track momentum
— Conversion electrons

e Converted brems
from electrons
(cf electron slide later)

Nuclear interaction vertices
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-2.75

Linking — ECAL view

- ECAL ﬁ

= cluster

- ECAL
= _crystal
- +

o Tracks fﬂ[ L‘-\_ﬁ

- bent E | [

- along ¢ El Tg

: | U

— 2 photons

- from the n°
_*llllllllllllllllllllllllllllllllllllllllll

0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05

http://cdsweb.cern.ch/record/1194487?In=en

N

Impact
within cluster
boundaries
— track & cluster

linked
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Linking — HCAL view

§ : * Track impact
2.4 ég within cluster
622_45; F - boundaries
25F el > t.rack & cluster
- cluster linked
-2.55}
. e Clusters
-2.6 .
- overlapping
-2.65F — HCAL Tower
: 25 ECALlonystai Clusters linked
2.7 underneath)
-27551' L1 RS FEENE NS RS R R N
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.0

http://cdsweb.cern.ch/record/1194487?In=en
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Link Validation

Number of Tracks

10*

10°

10?

10

— Simulation

—— 900-GeV Data

01 02 03 04 05 06 0.7 0.8
AR (Track-HCAL)

Distance between:
- the track impact and
- the closest HCAL cluster

09 1
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Links:

Track-ECAL
Track-HCAL
ECAL-HCAL
Track-track

Links and blocks

ECAL-preshower

Track

ECAL

HCAL

ECAL

Track

* The block building rule:

— 2 linked PF elements are
put in the same blocks

3 typical
blocks



Result: 2 PF “Blocks”

T |
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92455_
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Photons
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Photons

2.4F KoL

-2.55 — q!i‘ :
26F ! *
s th
]
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2.7

R R A N R R Y T R R KT
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Block simplification

[rad]
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Block simplification

2.4F KoL

¢ [rad]

HCAL HCAL 245F
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2.55F

26k
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Charged hadrons, overlapping neutrals

HCAL HCAL

——-""—-'-———

Track Track

http://cdsweb.cern.ch/record/1194487?In=en

For each HCAL cluster,
compare:
— Sum of track momenta p
— Calorimeter energy E
* Linked to the tracks
e Calibrated for hadrons
E=a+bE_ . +cE,.,,
E and p compatible

— Charged hadrons

E>p+120% Vp
— Charged hadrons +
— Photon / neutral hadron

E<<p

— Need attention ...

— Rare: muon, fake track
64



Charged+neutrals: E= p

 Charged hadron energy
from a fitof p,and E
—i=1, .., Ntracks
P

— Calorimeter and track
resolution accounted for

e Makes the best use of
the tracker and
calorimeters

— Tracker measurement
at low pT

— Converges to calorimeter
Track Track measurement at high E

http://cdsweb.cern.ch/record/1194487?In=en 65



DE .\, +CE o\;

Charged+neutrals: E'>' g

HCAL HCAL

——-""'—'—'-———

Track Track

http://cdsweb.cern.ch/record/1194487?In=en

e Significant excess of energy
in the calorimeters:
E>p+120% VE

* Charged hadrons [ p; ]

* Neutrals:
— E from ECAL or HCAL only:
« HCAL 9 h® [E-p]
* ECAL =2y [ Eccar—p/b]

— E from ECAL and HCAL:
* E-p>Egp ?

=V [ Eeca ]

— ho with the rest
* Else:

-y [(E-p)/b]

Always give precedence to photons
66



Validation of the calibration

. . E =a+bEECAL+CEHCAL
HCAL HCAL
.

1.4

CMS Preliminary 2010 (Barrel)
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(E/P)yy Y5
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0.7 — .
Track Track C | —— Data/Simulation I

_l 11 1111 111 1 1111 1111 1111 I 11 1 1 I 1111 I 1111 | | -
0 5 10 15 20 25 30 35 40 45 50
Track momentum (GeV/c)

Ratio of the calorimeter response
between data and Monte-Carlo
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2 charged hadrons, 3 photons
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