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. CMS
Introduction

e Missing Et (MET) and jets play an important role in charged Higgs
searches for both
— in the charged Higgs decay signatures
— in the backgrounds
e |t is therefore crucial to have a good understanding in the
reconstruction of MET and jets
e Understanding various triggers is equally crucial
— Jet, MET, muon and electron/photon triggers are used for signal
and/or background studies
e This talk covers
— Jet and MET reconstruction in CMS
— Jet and MET performance in 7 TeV collision data
— Trigger performance in 7 TeV collision data
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Jet and MET reconstruction in CMS | =%

Calorimeter Jets Jet-Plus-Track Jets (JPT)

Jets clustered from ECAL and Subtract average calorimeter

HCAL deposits (Calo Towers) response from CaloJet and

Correspondingly Calo MET replace it with the track J
measurement

Correspondingly Te MET

Particle Flow Jets Track Jets

Cluster Particle Flow objects: Reconstructed from tracks of charged

hadron

Unique list of calibrated particles
particles “a la Generater Level” Independent from calorimetric jet
Correspondingly PF MET measurements

Default jet clustering algorithm: Anti-kt with R=0.5
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IS,

Jet performance in /s = 7 TeV data

Jet energy scale and pt resolution
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Example: dijet Ag
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Jet Energy corrections (JEC) C[\/\S

o MC_trUth JEC "% 2} CMS Simulation {
— Used by majority of CMS physics Lé Lab e
analyses 5 - N e
. . S 16— anti-k; R=O.5.
— MC corrections derived from PYTHIA 8 | Absolute Correction |
QCD dijet MC events S 14
e In-situ JEC sub-corrections will replace 0 4
. . o [rrmrmmmeeea
MC-truth corrections when available S : :
) 10 2080 100 200
Factorized approach Corrected Jetp (GeV)
Required Corrections Optional Corrections
—
() ) B 8 o ) e o o ()
Relative: Correct to make calorimeter Absolute: Correct absolute energy scale
response uniform in n In-situ method:
In-situ method: Photon+jet pt balance
Dijet pt balance MPF method
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CviS,

Relative JEC (dijet pt balance)

Relative JEC removes jet response variation in n ) probe  barrel
A priori estimate of uncertainty: +2% x |n| p?‘let = Pr 5 PT
probe barrel
Barrel Jet | B_ PT — pTarre
o dijet
Pt
C 2 2+(B)
Probe Jet o <B>
e Require at least 2 jets, one jet in the 2 [ oataony Js=7Tev |
b L . 13 g 300} [_] cMS Simulation anti-k;, R=0.5 —
arrel region (|n| < 1.3) o f CaloJets
e Azimuthal separation (A¢ > 2.7 rad) I 18 <dijetp, <31 GeV|
Th 3rd ;. dijet 5 I | 03<hi<0.6 |
¢ ird jet veto PT /P <0. 200~ y CMS Preliminary |
I Calo Jet
Measure distributions of balance 100 .
variable B in representative I JME-10-003 |
d”et ,|n|) bins for all jet types. i 1
|
02 0 2

Balance
M.J. Kortelainen (HIP), MET, jets, trigger & reconstruction efficiency in CMS cHiarged 2010, 2010-09-29 7/25



Relative JEC (data vs. MC)

CMS,

JME-10-003 c T
o 2 L e 5 T ‘
g r Ns=7Te b .g Corrected CaloJets 7
8. : anti-k; R=0.5 " : =] 1.4- 37 < dijet p*' < 60 GeV n
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0.5+ CMS Preliminary —
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e Good agreement up to |n| =2 C
—— T
. . o L: o] Corrected CaloJet i
e Relative response in data ~10 % higher = | Residual Correction Applied
. . = 1.4 —s— 37 <dijet p° < 60 GeV B
compared to simulation for |n| > 2 E [ e socuenremce 1
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© [ [ Uncertainty ]
w 1.2 b
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e Data/MC close to unity after the residual correction
e Data/MC deviations are covered by a conservatice
n-dependent systematic unvertainty of £2% x |n|
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Absolute JEC (photon+jet balance)

CMS,

Correct absolute energy scale
A priori estimate of uncertainty in barrel: 10 % for Calolets, 5 %

based jets (JPT]ets, PFlets, Track]ets)

for tracking
S Experiment at LHC, CERN Photon
’ ,“,2.:"(‘[;]2 2010 CEST Photon pT - 76-1 GeV/C
o pT = 76.1 GeV/c n= 0.0
n=0.0 @=19rad
¢@=19rad
fﬂ‘ — > =
2 .
= - - ‘s
- \
8 Y - ;
"l | ] = i 0
/;
w4
o V.V 3 /
“l .,,_\\_
T — ’ "
= ' --

Anti-kr 0.5 PFJet A Anti-kr 0.5 PFJet

pr = 72.0 GeV/c pt =72.0 GeV/c

n=00 n=00

@ =-1.2rad

@=-1.2rad

e Method employs pt balance in back-to-back photon+jet events (well

measured photon as a reference object)

e Use photon trigger and isolated photons pt > 15 GeV and |n| < 1.3
cHarged 2010, 2010-09-29
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CMS

Absolute JEC (photon+jet balance)

Photon+jet balance: Bias due Missing Et projection fraction method (MPF,
to soft veto on second jet :> from DO) uses MET to measure the balance
and is less sensitive to QCD radiation

JME-10-003
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e Mostly good agreement when same method applied to MC and data
e Direct evidence from MPF supports 5 %/10 % JEC uncertainty as conservatice
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Jet p1 resolutions <

e Extracted from Pythia QCD sample (MC) and Dijet Asymmetry method In situ

jetl  jet2
. . . . .. Pt —P
e Define pr asymmetry of the two leading jets in back-to-back diject events A = —L7—
PT +Pt
. . o
e For approximately equal value of the jets pt's I(JPTT) = V20p
\s=7 TeV L=73 nb" CMS preliminary \s=7 TeV L=73 nb' CMS preliminary \'s=7 TeV L=73 nb" CMS preliminary
: CaloJets (Anti-k_ R=0.5) 1 i JPTJets (Anti-k_ R=0.5) 1 i PFJets (Anti-k_R=0.5) 1
03— O<n<1.4 T = 0.3 — O<nl<14 T - 03— O<m|<1.4 T -
i 1 A~ 1 a0 ]
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—=— Asymmetry (data) — e.’_ 0.2 — —a— Asymmetry (data) — g]).’_ 0.2 —s— Asymmetry (data) —
ol e b
Calo Jet | = [T . | JPT Jet = W\N?\N\%\PF Jet
— £ 01 a_ g — £ 01— 7
i [+ L i © L 4
\N i L . L oo
§207“‘H} ; i “"H; §20i"“_‘l‘.‘ . §20i"‘”} * ‘ ‘ e
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Full chain of Dijet Asymmetry method applied to data and MC to extract jet pt resolution

@bserved data/MC agreement within a priori ~10 % uncertaintg]
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IS,

Missing Et performance in /s = 7 TeV data

MET tails, resolution and scale
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Cleaning of MET tails

CMIS

No large MET expected for Minimum-bias or QCD jet events

JME-10-004
T T T T T T T

Before cleaning

After ECAL noise cleaning

After HF noise cleaning

After HB+HE noise filtering

Lint = 11.7 nb™"

rul 1 \HHH‘ LI 1 \HHH‘ 1 HHUJL

Number of Events / 2 GeV
5 5
T \HHH‘ T \HHH‘ T \HHH‘ T \\Hm

0 50 100 150 200 250 300 350 400
Calo E; [GeV]

Basic cleaning strateqy is to iden-
tify anomalous signals based on

e Unphysical charge sharing of
neighboring channels
e Timing/pulse shape information

e Cleaning is very effective

e After cleaning, MET tail is no longer dominated by anomalous

signals
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MET in data /| MC

Tc MET PF MET
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[General agreement between data and MC]
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MET resolution vs. SumEr b

Compare the resolution of different MET types at the same PF SumEt
(closest to real SumEr)

JME-10-004
R I L B B B L BB BN BB . .
& [ —+ typez calof, (Data) Lot ] ® PF SumE- is calibrated to the
= [ — type2 caloF; (MC) int : ] l l S E
w20~ —— tcf, (Data) . generator level Sumkr
T [ — tcE, (MC) e . .
§ [ — pif Daw) 1 o Observed MET o is calibrated
= 151 — pf§; (MC) — . .
S | ' ] using photon+jets MC events
10 -
E E Recoil
5 _
I \s=7TeV ]
5 CMS preliminary 2010 . MET ] Ferpendtsr
050700 150 200 250 300 350 _ 400

Calibrated pfzE_ (GeV)

e PF MET has the best resolution
e Tc MET also shows a significant improvement w.r.t Calo MET
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CMS

MET in pile-up events

Study of MET distributions in 1- and 2-vertex MinimumBias events

{m tion agrees between 1-vertex and

40 60 80 100 2-vertex events
Calo E; [GeV]

—_

> 1 T T - . . . . .
O ~° 2 Vertices, Data e MET distributions wider in 2-
2 10te 1 Vertex, Data
@ & 2 Vertex Data, reweighted wrt. XE, vertex events
T B CMS preliminary 2010 ] .
g1k Vs = 7Tev - o Reweight events such that the
— I L —1 B . . .
S | Line = 11.7 b ] SumET distribution matches to
g g E that of 1-vertex events
3 . Calo MET ]
10F - o After reweighting, MET distribu-
- JME-10-004 E
():7‘ =

Widening of MET distribution in 2-vertex events due to
transverse energy increase
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(Absolute) MET scale

CMS,

[Measured from y + jet events, photon pt > 20 GeV ]

CMS preliminary 2010 Vs=17TeV -
U_I— 7' T T T \ L L L 4 I o
= 14 ;
AT IME-10-005 Jidt=198nb'1 1C Jldt=138nh'1 ] szt=1sanb" ]
A , 1k ] .
C 9 1E F%J'i"—i———!—'_'ﬂ_' - - R -
0.8 1 r et !
06F Calo MET 1F Te MET . PF MET |
04F ~ CaloE, Typell JF tc . pfE, .
- MC:y+jet&QCD&W - - —— MC:y+et&QCD&W - —— MC:y+jet&QCD&W -
02} m  Data: 1PV Tk ®  Data: 1PV o] ®  Data: 1PV o
E O Data:>2PV E E O Data:> 2PV E 0 Data:> 2PV E
@) JEY il il JEY ] 1 1! =+ bt — JET b JET JET JET b
2 E
< 11E : .
E |
< C I O | C ! ! | . L]
S qF SApug | 8 ' 8 1 ; e —————
RONE ) AL
0.9F [ E 1k - ]
g ' 0.988+0.007 1E 0.990+0.005 1F 0.995+ 0.004 ]
08™26~"40" 80 80 100 120 140 160 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
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—
e UT is the hadronic recoil (g7 + 47 + Er = 0), uj = uT - qr

— [{u)|/qT measures the scale factor correction

e Calo MET response overestimated, Tc MET and PF MET underestimated
e Good agreement between data and MC, response not sensitive to pile-up
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Trigger performance in /s = 7 TeV data
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Level 1 jet trigger T

T T 111 T T T T 1711

1-CM :§--prelimmary 201: e LS
7TeV |

e Efficiency as a function QCL_:
of offline jet ET° O

e MinimumBias events [0

e Leading offline jet N
matched to a L1 jet
(AR < 0.5)

o ET° > 10 GeV

° |nreco| <26

e Steep rise
e Plateau near 100 %

® L1 SlngIeJetEU ......
B L1_SingleJetioU

A L1_Singledet20Uu @
¥ Li_Singledet30U |
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CMS,

HLT jet trigger

% | CMS Preliminary L, =17nb"'\s=7TeV é | (CMS Preliminary HLT_Jet50U
o 4 o 4 v
= | ! — 1
R AR I il i
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e Steep rise
e Plateau near 100 %
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MET trigger ».

CMS preliminary HLT _L1ETM20

CMS preliminary HLT MET45
1.4_.! T T R I T

T T T | A L BN

Efficiency
ho
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0.8
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0.4

R MmN TS S SR T « Data 02
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00“'?0' ' '4:1' ' IG:JI ' IB:JI ' '1:10' ' '12|0' ' Hial ' Héol Mgéi}&w ooi“!ﬁf"!g =
L1 MET 20 HLT MET 45

e Offline Calo MET
— After cleaning of HCAL noise, ECAL spikes, HF bad hits

e Steep rise, plateau near 100 %
e Acceptable agreement between data and MC

M.J. Kortelainen (HIP), MET, jets, trigger & reconstruction efficiency in CMS cHiarged 2010, 2010-09-29 21/25



Level 1 muon trigger ,,
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Electron and photon trigger CMS

L1 trigger HLT (after L1)
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e Efficiency vs. electron supercluster Et
e Good performance
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CMS
Summary

Results of the Jet and Missing Et performance on 7 TeV data were presented

e Jets
— General data/MC agreement for jet response and pt resolution
— Observations from the current data support a priori estimates:
* 10 % (5 %) JEC uncertainty for calorimeter jets (jets using tracking)
* Additional 2 % uncertainty per unit pseudorapidity
* 10 % pt resolution uncertainties for all three jet types
e Missing Et
— Acceptable data/MC agreement
— Improved cleaning, tails under control
— Tackling the challenge of MET commissioning with large pile-up
— Tc MET and especially PF MET improve resolution significantly
e TIriggers
— Good performance in jet, MET, muon and electron & photon triggers
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Compact Muon Solenoid

SILICON TRACKER
CMS Detector = um.
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Relative JEC (data vs. MC)
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CMS

Absolute JEC (photon+jet balance)
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CMS

Absolute JEC (MPF)
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Tau trigger algorithm .

| Trigger

e Object definition Froner
— Characterized by Et in 3 x 3 calorimeter
regions

— Each region set t-veto ON, if more than 2
active ECAL or HCAL towers in the 4 x 4

HCAL

region PoWo4 g EcAL
— t1-like jet if all T-veto for all 9 regions is P Awﬂmm
OFF
L1: Et cut, isolation
L2: calorimeter jet reconstruction (seeded by
L1 7s), Et cut, isolation CMS Coltaboration
e L2.5: seeded by L2 7s, leading track finding TRt o e
and cut on py e o e 10
e L3 improved tsolation http://cdsweb. cern.ch/record/578006
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