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Introduction
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CMS
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CMS detectopseudorapiditycoverage:
A Tracking: | |<2.5

A CentralCalorimetry |' |<3

A ForwardCalorimetry 3<|' |<5

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

data recordingduring Run 1
A 7TeVv(2010 & 2011)
A 8TeV(2012)

Very successful LHC operation and CMS
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CMS

Jet Reconstruction and Energy Scale Calibratians

o
£ HEPLAB

A Anti-k; clustering algorithm: Infrared and collinear safe. =~
Used with R=0.5 and 0.7.

A Particle Flow Jets (PF Jetlustering of Particle Flow
candidates constructed by combining information from all-sub
detector systems.

A For the jet energy scale calibration CMS adopted a Factorized approach.

: Offset Relative Absolute
Calibrated =x Correction p 4l Correction -4 Correction
Jet Jet (pile-up) VE) (Vspy)

A OffsetO substruction” ! (* :the global energy density, :the jetared)

A Relative © derived from Djet Balance
A Absolute® derived fromd  ‘Qrad® QQ(p, balance and MPF)
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CMS

Jet Energy Scale Calibration

4 A
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BN

CMS Prellmlnarv \s 8 TeV

P FJ ets + NP\;=5

S;T‘EV =10 A In the importantpartsof the phase
, space JEC uncertainties are of the order
of 1-2%.

A Below 100GeVpile-up correction
uncertainties are the dominant.
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CMS

Inclusive Jetrosssection at 7 and 8leV
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A Measurement of thdnclusive jet productiomross section iprandy at 7 and 8TeV
d20 7TeV:|y| ¢ 2.5with Dly| = 0.5andjet p; 114GeV-2TeV
dp.dy  8TeV:|y|¢ 3.0with Dy|=0.5andjet p; 74GeV-2.5TeV

A 8 TeVanalysis uses the half of the statistics. Analysis with full statistics in progress.
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CMS

Agreementis observed between data and thedigr most PDF sets all rapiditybins.

Ratio to NNPDF2.1

Inclusive Jet mwsssectionat 7 and 8TeV
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Data / Theory

CMS

Low p; InclusiveJet cosssectionat 8 TeV

83
£ HEPLAB

CMS PAS FSI2-031

Additional study in the lowp; region PP V5 =8TeV CMS Preliminary
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CMS

Dijet cross section at TeV

iversity of Ioannina

5 HEPLAB
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CMS

A Measurement of the double differentiatjgt
cross section in gand Yy,

A Measurement in two rapidity bins:
|V maS1 and 1<y 5,2

Ratio to NLO (CT10-NLO)
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3-jet mass cross section atTeV
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A pQCDs able to describe the-j&t mass cross
section over five orders of magnitude and for
3-jet masses up to 3eV

A Within uncertainties most PDF sets are able to
describe the data.
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CMS
Inclusive jet AK5/AKY7 cross section ratio af&V

&
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CMS Preliminary, L = 5 fb' \s= 7 Tev.
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CMS

CMS PAS SME3-002

Inclusive jet AK5/AKY cross section ratio aff@éV : g
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[®]Data
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-------- PYTHIAG Z2
---HERWIG++
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£ HEPLAB

A Modelsusing LO (PYTHIAS,
HERWIG++) or NLO matrix element
calculations matched to thparton
showers POWHEG+PYTHIAG),
describe better the ratio than the
fixed order calculations corrected
for non-perturbativeeffects

A The best description is obtained by
combining the NLO prediction with
a parton shower model (POWHEG+
PYTHIAG).
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CMS

HadronicEvent Shapes at TeV

»
£ HEPLAB

Eventshapevariablesare geometric properties of the energy flowhadronicfinal states.
A Sensitiveio the details of the features aCD. JHEP 1006 (2010) )38
A Usedfor the tuning andvalidation of various QCD MC event generators

CMS Preliminary

'=~.|
1t
-]
1
m
=

5
T

Transverse Thrust

<
&

[T T 7 L LI I
— (a) 320 = P, < 390 GeVic

- —— Data(5f") ol
----- Pythiat 22 P
Fythiaé Perugia-Po i
----- Pythiat DT o
-~ Pythia8 4C
Herwig++ 23 =]
Madgraph+Pythiag-Z2 gl

Q
(&)

0.1

1N dN/din (c )

A Sensitivao the modellingof two-jet and
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CMS

HadronicEventShapes a7 TeV

’
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CMS PAS SMP2-022
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CMS
Colorcoherence

’
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arXiv:1311.5815

I T T T | T T T I T T T I T
CMS Simulation

A Study 3Jet events where two leading exhibit

a backto-back topology .
2

A The observablé is defined as the azimuthal
angle of the 3 jet with respect to the X in

( ) space: < 9

2nd Jet

(=] I:I=

EEDQEEE °
=]

1st Jet

|Df 4| Df,,=f,- £,
D/723 Dh,; = Sigr(hz)c(ws - /72)

-2

FT T | T T T | T T T | T T

A
(%}
D-
(N}
N

A Absenceof colorcoherence :
A no preferreddirection of emission athe 3¢ partonaround the2nd .

A Presence ofolor coherence :
A 3 partontendsto lie in the event plane defined by th" partonand the beanaxis.
A 3djet population will be enhanced for F and suppressed forf 72.
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CMS

Colorcoherence

4 AL
£ HEPLAB

Foms,' L=38pb' | \E=7Tev | | CMS! L=36ps' | Ns=7Tsv [
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. : the analysis describes data
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CMS

Summary

g .
£ HEPLAB

CMShas arexcellent understandingf the jet reconstructionandenergy
calibrationand togethemwith the high data qualitymake jet measurements
PRECISION PHYSICS

CMShas already delivered sevegjat measurementamproving the under-
standingof QCD

A 7 TeV inclusive and diet cross sections, muljets, event shapes, studies on color
coherence effects etc.

A 8TeV preliminary results on inclusive jet cross sections.

CMSet measurements are used alsodonstrain PDFandextracth ¢ (see talk
by G.Sieberx

Severahnalysisat 8 TeVare currently inprogress And more to come at 18V

https:// twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
https:// twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ

P.Kokkas, Univ. of loannina 18
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CMS

SUPERCONDUCTING

COIL

Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla
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CMS

1 | | |
om 1m m am
Key:
Muon

Electron

Charged Hadron (e.g. Pion)

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

T -3 1 118 1 - 1 L
: [ S N S SR R
D.Bearney, CERN, Febwicny 2004

, Electromagnetic
]._|! I ' Calorimeter
Superconducting
Calorimeter Seolenoid
Iran return yoke interspersed
Transverse slice with Muon chambers
through CMS

Tracking: | |[<2.5
CentralCalorimetry |' |<3
ForwardCalorimetry 3<|' |<5
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CMS

Jet Energy Scale Calibration

>
£ HEPLAB

Corrections derived using simulated events anditoc measurements with

dijet and photon+jet events.
Barrel Jet (| | <1.3

Forrelative corrections: \ i /)
A The dijet p; balance technique is employed
taking the barrel jet (|| <1.3 as reference ,
_ ) at any

and the other jet (probe jet) at arly ® / \

ProbeJet

Theabsolutejet energy response is measured usifrgget or Z+jetsevents,
with two different methods:

A The MPF (missing Brojection fraction)
A And thep; balance

Both methods exploit the balance in the
transverse plane between the photon and
the recoiling jet.

P.Kokkas, Univ. of loannina 22
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Jet Energy Correction Uncertainties afleV
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7 TeV: Agreements observed between data and theory (using NNPDF2.1, CT10,
HERA1.5MSTW2008 and ABKM09 PDF sets) in all rapidity bins
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8 TeV: Agreement is observed between data and theory (using NNPDF2.1, CT10,
HERA1.5 and MSTW2008 Rets) in all rapidity bindDisagreement in central
rapidity regions for ABM11.
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7 TeV: Agreement is observed between data and theory (using NNPDF2.1,

i

1|

CT10,

HERA1.5MSTW2008 and ABKMO9 PDF sets) in all rapidity bins
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Uncertainties
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A Within uncertainties most PDF
sets are able to describe the data.

Small deviations are visible with
the HERAPDF1.5 NLO set.

Significant disagreements are
exhibited by the ABM11 PDFs.
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S HadronicEvent Shapes (Transverse Thrust)
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The event thrust observable in the transverse plane a. ., GE ;

is defined by: Tel Mgy Hedhe

with € the unit vector that maximizes the projection (transverse thrust axis).

A In the limit of a perfectly balanced twet event,t  is zero, while in isotopic muljiet
eventsitis (42/7).

A All generators show an overall agreement with data to within 10%h PYTHIA&nd
HERWIG++ exhibiting a better agreement than the others.
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HadronicEventShapeqJet Broadening
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The transverséhrust axis,£ , splits the transverse region in an upper part(withr t& >0)
and a lower par (withr) t& <0).The total jet broadening is defined as:

1 .
Bx,c t— a p’\i\/(hi - hx)2+(fi - fx)2

2P, |
Byc!B,c*tB e
tot,C C L,C . .
ho = ad iic, Paif, fo= a iic, Paif;

X T T

) a i cy Pni ’ a i ¢ Pri

A Sensitive to ME, PS andlorcoherence effects. Insensitite UEand hadronization
A Theagreement of this event shape variable with predictionsder.

A Better agreemenfor the MADGRAPH and HERWI@ererators.
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For the same definitions of upper and lower regions, the normalized squavadant masss
defined by

where P is the scalar sum of the momenta of all tbastituents(p,) in jets.The jet mass is
defined as the sum of the masses in the upper and lower regiogs * 7y + 7.

A More sensitive to ifitial state) forwardradiation than the jebroadening.

A Same behaviouas for the jetbroadening.

A The transverse jahassshows better agreement becaugeless sensitive to longitudinal

eventflow.
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Inclusive jet AK5/AKY cross section ratio aifléV
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CMS PAS SME3-002
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A Comparison ttNLOXNRheory prediction: Data agrees with theory within
uncertainties for both jet radii.

A BUTagreement is slightly better for R = 0.7.

P.Kokkas, Univ. of loannina 32



CMS

ty of Io

Inclusive jet AK5/AKY cross section ratio aifléV

iversi

£ HEPLAB

CMS PAS SME3-002
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A The jet radius ratio R(0.5,0.7) in the six rapidity bins, compare®©D
predictions.

P.Kokkas, Univ. of loannina 33



,,,,,
- A

CMS

Inclusive jet AK5/AKY7 cross section ratio affl@éV :
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A The jet radius ratio R(0.5,0.7) in the six rapidity bins, compar&lL®xNP

and MC predictions.

P.Kokkas, Univ. of loannina 34



