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Outline @

* Infroduction CMS Physics Analysis Summaries:
* CMS detector * QCD-10-011 (inclusive jets)
* Jet reconstruction * QCD-10-012 (3/2 jets ratio)
* Trigger/event selection * QCD-10-013 (event shapes)
e Results at Js=7 TeV * QCD-10-014 (jet transverse
* Inclusive jets sfructure)

* Azimuthal decorrelations
* Dijet angular distribution

* 3/2 jet ratio ™

* Event shapes

. Conclusnoh_\“;; \

Jet 2 Py: 557 GeV

Related analysis notes:
* JME-10-003 (jet performance)
Jet 1 Pr: 585 GeV. gpH-10-009 (b-jet production)

* JME-10-006 (track jets)
r * PFT-10-002 (particle flow jets)

* JME-09-002 (jet+tracks jets)

see also Forward energy & particle flow in
CMS, D. Sunar Cerci, ISMD, 23 Sept. 2010
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Introduction @

(E.F* = 100 GeV)

* Jets are the experimental signatures of proton - (anti)proton cross sections
quarks and gluons, manifesting themselves 0 g—r————r——"m————3 0’
as collimated stream of particles IDEE o mj

* Sensitive to both the dynamics of the o, (E*>100 GeV) ;E, -
fundamental interaction and to the o = I
partonic structure of the initial-state o e
 Large cross section at the LHC: if not _ “"F =7 S e
part of a signal, most likely background ¢ ; “z ’ s

* Why are jet measurements important? — wif - Ny 10
* commissioning of jets 10° / o

* confront pQCD at the TeV scale L P, :z

* sensitive to MC tunes 5 En My = 150620 : -

* sensitive to new physics L S -
1 b E— ' ' 107




* Superconducting solenoid
providing uniform B=3.8 T

* Muon chambers outside magnet
* Silicon pixel & silicon strip
tracker at |n| < 2.4

* PbWO4 scintillating crystals
ECAL at |n| < 3.0

* Brass-scintillator HCAL with
barrel+endcaps at |n| < 3.0

* HF steel/quartz fiber
calorimeter (|n| < 5.2)
Calorimeter cells grouped in

pro JZCTIVZ towers of granular'l’ry

0.35in ’rhe forward reglon)

* Forward region enriched with
CASTOR (-5.2<n<-6.6) + ZDC
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CMS jet reconstruction @

* Four possible inputs (jet types) to the anti-kT algorithm with R=0.5
* Jet types in CMS
* Calorimeter jets: formed from calorimeter towers, energy deposits
in ECAL crystals & HCAL cells
* Jets Plus Tracks (JPT): calorimeter towers clustered into jets ->
jet energy corrected using the momentum of associated tracks

* Particle Flow Jets (PF): formed by clustering 4-
vectors of reconstructed particles, combining
tracks, ECAL/HCAL clusters

* Track Jets: reconstructed from tracks of charged
particles measured in the tracker -> independent
from the calorimetric measurements

CMS

Calorimeter
Simulation

Jet 1 Jet 2

Different inputs allow to study and constrain 5

%11% o

experimental systematics for better unders‘randinff\' :

ts from energy
~‘deposits in calorimeter
P. Katsas (DESY): QCD jet production at CMS, ISMD, Antwerp 21-25 Sept. 2010 5




* Factorized approach: different levels ofS

correction applied sequentially with fixed £

order

* offset correction (remove pile up and
calorimeter noise contribution)

* relative correction (flat jet response
in pseudorapidity)

* absolute correction (flat jet response
inpT)

* Data-driven methods:

* dijet pT balance (relative)

* y+jet events (absolute)

— relative: systematic uncertainty of 2%
times unit of rapidity

— absolute: conservatively 5%/10%
uncertainty for tracking-based/calo jets

P. Katsas (DESY): QCD jet

Data/ Sim

Corrected CaloJets J‘ME 10 003

Resldual Correctlon Applled

—e— 37 = dijet p°' < 80 GeV
—=— 60 = dijet pT = 75 GaW
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Triggers & event selection 3%0)

* Minimum Bias (lower pT) and single-jet triggers (higher pT)
« Good primary vertex ( |ZPV| <15 cm, ndof >= 5, p, < 2cm ), rejecting

beam background
* Loose jet criteria (energy fraction & sharing among cells/particles)

_10° o CMS preliminary, 60 |rlb1 | \J—sl. =7 TeV - CMS preliminary, |6.0. nb™ \s =7TeV
D 1oL y|<0.5 . MinBias | 2 [ 37 56 84 |y|<05
Q " . - Jetbu 1 S e 1
i10 g_-----:. 'J6t15u _§ E : :
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Q. = o, - 3 @ = |
-g 10555 DDDDD DEI!. ?E g : :
E - = 3 = 0 6— B
© 10° E "y gq - B
©C a3 Ty & - i
- 10°F TS 3 04 + MinBias ]
8 102%_ Hi é ' i > Jetbu i
S 10& : - : - Jet15u -
i 0.21- - Jet30u ]
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Inclusive

et cross-section @

* Unfolded jet spectra |y| < 3.0,

18 < p_< 700 GeV

* Different jet reconstruction
methods agree within 20%

* Good agreement with NLO
predictions for all jet types

* Systematics up to 25%
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Jet structure (I)

Observables

* Jet internal structure
sensitive to the type of jet
(quark/gluon induced) & pT

* At hadron colliders additional

contributions from ISR (parton

E

1. Charged particle multiplicity, Nch
2. Transverse jet shape:

OR? = (6¢°) + (9%

L (i —¢c) - pr,

L (i —nc)’ - pr,

<5CP2> _ icjet <§W2> _ icjet
showering) & UE L P L b
] =
* Extrapolation of models to Y pr
. . _ N r;<<r
LHC is uncertain 3. Integrated shapes: ¢(r) = T o
’Ti
R S L L R IS UL L I I I B B L UL I B LR I BRI B ri<<R
Z gE  PYTHIA,dijets 1 womb PYTHIA, dijets ]
16 -« all jets CMS simulation e - CMS simulation 7
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Jet structure (II)

* AT pT > 50 GeV good agreement between data & theory

* At pT <50 GeV, PYTHIA/HERWIG predict broader/narrower
jets than the data suggest
. Sensmvu’ry to the UE expected at small radius, not yet conclusuve
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Azimuthal decorrelations (I) @

* Testing ground for pQCD & MC generators; decorrelations due to sof+t
gluon emissions or multi-jet production
* More affected by initial state radiation

» study of different parameter values k__=PARP(67) and k__ =PARP(71)
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Azimuthal decorrelations (IT) @

* Good agreement with PYTHIA & HERWIG
* Worse agreement with MadGraph at lower pT

P. Katsas (DESY): QCD jet

production at CMS, ISMD, Antwerp

21-25 Sept. 2010
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Dijet angular distribution &5

* Probes properties of parton- 3T 3T
parton scattering without strong z S

N Ly +
dependence on PDFs “W W
 Observable : (1/N)(dN/dX dije‘r)' .

Xdije'l':exp(lyl-yzl) 2 4 & 8 10 12 “1,;5 -2 4 3 R EE uxd:;

* Study signatures for new physics 3 "= R a——
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0.14 " _j T

t

u.uai— _'_ [ T T _:_
I 1

o . oo, S
CMS Preliminary ' _ﬁFF:I;__F I :

B §
=) - - L
%{ 0.12 _— 0.04F u_tuﬂi
E E - 430 < M, [GeV] < 600 - 600 < M_ [GeV] < 800
-cj 0-1__:‘-. n:.l...l...l...I...I...I...I... ool o o 1y e 1y e e by b s 1,
E C R 2 4 [ ] 0 12 141_15 52 4 [ [] i 12 141 16
< — -', =t dijet
0.08— -
B \ 3 0 P —
0.06 e g b NE =T TeV
C = r L=TZnb
0.04L 1400 < M. [GeV] < 1800 s omp .
i I S I— —+— data
- QCD NLO + non-pert. 008C — 1 —— NLO + non-pert.
0.02 - 004 : I scale + PDF unc.
. QCD+CI 3 TeV + non-pert. C
- | I I I I I 0o M, [GeV] = 800
0727 8 10 12 14 16 A T
2 4 & ] 0 12 14 16

X dijet K

P. Katsas (DESY): QCD jet production at CMS, ISMD, Antwerp 21-25 Sept. 2010



3/2 jet cross section ratio @

» Ratio of the inclusive n/m jet cross section of order O(a ™)
* Insensitive to PDFs, reduce luminosity, JEC uncertainty

% 1.4I_| 1T T 1 | T T T 1 | I T T 1 | 1T T 1 | 1T 1T 1 | 1T T 1 | 1T T 1 | 1T T 1 |
- : CMS Preliminary QCD 10 012
1.2+ \s=7TeV  }- e prossene e ]
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1—5__----PYTHIA6 | E“
. | = = Madgraph |
| R Systematlc Error

0.8
0.6
0.4F

0.25
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Conclusions @

* Extensive list of QCD jet production studies already
available at 7 TeV; data corresponding to L ~ 78 nb™

* First measurements concentrated on ratios reducing
systematics from jet energy scale and jet resolution

* CMS detector simulation shows good agreement with data
* Benefit from multiple jet reconstruction algorithms &
novel techniques

* MC models work reasonably well; studies for fine tuning
underway
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Relative corrections
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Data/ Theory
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Jet resolution
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f(pr)

Unfolding

* Correction for finite jet energy resolution
* Ansatz unfolding method:

oo —i 2j
= Np*- (1 — cosh(Ymin ) \F/E) exp(—v/pr)
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