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LHC Accelerator
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CMS Detector

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 pm) ~200m> ~9.6M channels
Magnetic field :3.8 T
SUPERCONDUCTING SOLENOID
i Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

Magnetic filed: 3.8T
Tracking: [n|<2.5

Central calorimeter: |n|<3
Forward calorimeter: 3<|n|<5

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

n=—In[tan(3)]

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO 4 crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels




CMS Detector
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CMS Detector

CMS Integrated Luminosity, pp, 2012, .= 8 TeV
High data taking efficiency. Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
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Quantum Chromodynamics

Jets (streams of particles)

L / o e « Hard scattering is described by perturbative Quantum
Chromodynamics (pQCD).

_ hadronization

\ R * Quarks are assumed to behave as free particles.
‘ arton

e P . « Assymptotic behaviour of the strong coupling constant (a_).
showering s

* Factorization theorem:

PDF x pQCD
OthZ XmdXzfi(Xl,M?)fi(Xz’Mz%)6("1’ X2 QZ/M?)
]

+p — (" underlying eyent//) “+p u.: factorization scale. Arbitrary cut-off parameter.




Quantum Chromodynamics

Parton showers. (PS)

10'm
Jet 3 Jet 2
‘E ET“S"E"‘ =neray: e Quarks emit gluons, gluons split into quarks...
_E; ] .l adromc
(] ectromagnetic . . .
: i' tkH_g t « This procedure continues until partons loose enough energy and
rack HiE the strong coupling becomes large enough to form hadrons.

105m
£ i[: « Hadronization: (HAD)
= g‘_lesnns: : ' Earyﬁns: —_—
o ons, rotons, . .
T raons niaens, » Quarks form hadron that interact with matter (detector).
. O « PS and HAD are simulated with models that are described in
S HERWIG and PYTHIA.

— | — » Jet are the signatures of quarks and gluons.

Proton




Quantum Chromodynamics m
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Jet Reconstruction and Calibration

Particle Flow Jets (PF Jets): Combines information from all sub-detectors to reconstruct
and identify all stable particles used in jets.

neutral
hadron

Anti-k_ clustering algorithm: Infrared and collinear safe. Used with various values of R.

charged
hadrons

anti-k,, R=1 |




Jet Reconstruction and Calibration

~

Particle Flow Jets (PF Jets): Combines information from all sub-detectors to reconstruct Soe—
and identify all stable particles used in jets. packan.

ey

photon

Anti-k_ clustering algorithm: Infrared and collinear safe. Used with various values of R.

charged
hadrons

Factorized JEC approach in CMS
cuslprglilmli[\g_r,rl, L=19 fh“ is=8TeV

« Time stability

Anti-k, R=0.5 PF

=0
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Inclusive jet cross section and
strong coupling 7 TeV

* Measurement of double differential cross section on pr and y as a function of pr.

« Comparison with theoretical calculations using NNPDF2.1.

e 1 Niess

. Jets up to |y|=2.5, pr=2TeV. Five rapidity bins of Aly|=0.5. dprdy € Log Apr(2-Alyl)
® pT range 114 Gev - 2TeV /—\1013 — T T T T 1 -
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. . - 10" - . e e T
Main systematic uncertainties: S "k T eome o orSImIisie)
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Inclusive jet cross section and
strong coupling 7 TeV

Bottom left: Ratio of data (and theory with various a_values) to theoretical calculation with a_(M,)=0.1180.
CT10-NLO PDF is used with range of a_0.112-0.126.

As expected the cross section is sensitive to the variations of a._.

Theory describes well the data in the whole range of p..
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Inclusive jet cross section and
strong coupling 7 TeV

 Fitted regions: 114 — 2116 GeV

CMS
133 data points. . 116;_'"”&'1;-"'@'”"”'MIMIMIMFEOO
114 lyl<25 1 &
« The main result was extracted using CT10-NLO PDF. B s it b 1=
Data used in fit combined by all the rapidity regions - g
(0<ly|<2.5). s ERS
I - 0
» Scale and PDF uncertainties are the dominant in the 1085 B
measurement. i E
* The result is compatible with the world average: T T e T
a,(M,) = 0.1184 +0.0007 agM,) &
=
L

a,(M,) = 0.1185 + 0.0019 (exp.) +0.0028 (PDF) + 0.0004 (NP) *320 (scale)

+0.0065

= 0.1185 _ g0
v’/ ndof =0.8




3-jet to 2-jet cross section ratio
and a_ 7 TeV

~ 045

R < S) = 03 _ O(pp — njetS + X;n 23) n:m 0_42_ CMs = Data (Int. Lumi. = 5.0 fb™) _E % L L L NN I B T T
ey o B T L i
2 pp .] 2 - 0_35_ anti-k, R = 0.7 Si:alé uncértainty _E 018:— anti-k;, R=0.7 / —:
_ _pTl + pTZ 0_25; PDF uncertainty é i j
<p,,>=0 _—2 3 ook E 0.16 ettt ]
s S onkE = 0.14- ]
Average dijet pr as scale s E E -
N 0.1 - 012- S
= 0.052— —i - .
Data Selection: S 50 8 | 1 01 E
Jet pT>15O GeV \CEI, % é E 008; Data (Int. Lumi. = 5.0 fb™) ]
- (_) g 1.1: 4 B ———— NNPDF2.To(M,) =0.106 - Min. Value |
Rap|d|ty |y|<25 ] = -2 0.065 NNPDF2.1a,(M ) = 0.119 E
D_ E """ - - L - NNPDF2.1cxs(MZ)=O.124-Max. Value |
LU o E L | | | | | L
Advantages of ratio: T —ant T 0-04200 400 600 800 1000 1200 1400
Ratio reduces both R A 1< {pr, ) (GeV)
experimental and
theoretical uncertainties. : .
Using NNPDF2.1NNLO PDF set we get the following result:

o =0.1148 £0.0014(exp) £0.0018(PDF) +0.0050(theory)
v’ Indof =1.1
. GionnisFlouris - Vrije Universiteit Brussel 1517




The running of the a_
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CMS Preliminary

CMS Incl.Jet, Vs = 8TeV, og(M,) = 0.116
CMS Incl.Jet, Vs = 8TeV

CMSR,,, /s = 7TeV

CMS Incl.Jet, Vs = 7TeV

CMS tt,fs = 7TeV

CMS 3-Jet Mass, s = 7TeV
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No deviation from the QCD predictions is observed.




Dijet azimuthal

decorrelations 8TeV

* Measurement of the normalized differential

Cross section
1 do

ODyet dA ¢Dijet

as a function of

A ¢Dijet =

* Jets with pt>100GeV and |y| < 2.5

¢jet1 ¢jet2

* Comparison with NLOJet++ (fastNLO) calculations

with various PDF sets. (3-jet NLO)

* Comparison with various Monte Carlo generators

matched to PS.

* Probe multijet events by measuring the angular separation

of the two leading jets.

Eur. Phys. J. C 76 (2016) 536
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Dijet azimuthal
decorrelations 8TeV

« Background of the measurement: Z(vv)+Jets, W(lv)+Jets and tt.

19.7 o' (8 TeV)

. 19.7 b (8 TeV)
e
B 41 + Data B - Data
1 CcMS _ 210" CMS
> Om WZ > W =10 ¢ Wz 5w
@10 W S 510'%F Y
£ o acD g2k mti
E ¢
& 10° & 10°F mQcD

/2 < Aq)diiet <7

0O 02 04 06 08 1
E/Y Er

» Rejection of background using missing energy over the sum of transverse energy.
« Event selection: ET/ZET < 0.1

* Rejects ~0.7% of the data sample.

O 02 04 06 08 1
E/YE;




Dijet azimuthal
decorrelations 8TeV

CMS 19.7 fb
* Various PDF sets tested, all agree with each other. o 18F 3 Antik, R = 0.7
M 46k pT™> 1100 GeV 3 Data/NLO
LN s ] A Data/LO
. . . . — 14F = Theory CT10-NLO PDF
* 3-jet calculations good agreement in region A¢ .. >5n/6 C LB E Scale uncertainty
Dijet o E 1 mm PDF & o, uncertainty
S 4 - - — - ABMI1
. T - 0.8F 3 s NNPDF2.1
Deviations at small A ¢, of NLO and LO region. © F e S Tacas
(@ IR SN —m HERAPDF1.5
7 1ef a -
E’ 1.6 200 < pI™* < 300 Ge :—++ 300 < pT™ < 400 GeV
DL'_ 1.4§—++, - =
CMS 19.7 b (8 TeV) S 12f = :
2§_ o Pythia6 Z2* o é_ Exp. uncertainty 1;_% ;_ .--1:"
S o Herwig++ 0o E 4o MadGraph + Pythia6 Z2* 0.8 — 3
5E" »  Pythia8 CUETM1 _°_—o—**+§§3 E & Powheg + Pythia8 CUETM] —¢—H+ = = 3
1;_ _°_+ ;_ [ *X 06:_I | :_I | 1 | 1 1 _:
0-5;— P > 1100 GeV — pIe > 1100 GeV n/2 51/6 /2 2n/3 5m/6 T
3 ' ' . : : Aq)dijet(r ) A¢dijet(rad)
o 200 ¢ pf <300 Gev E |00 R <00 Gev * Comparison with various MC generators
1.5F - =
3 —o— - —D—ODDOBE:BB'@U‘Q e A, T Tes0g matChed tO PS
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Inclusive jet differential
cross sections 13TeV

* Measurement of double differential cross section on pr and y as a function of pr.

* Comparison with fixed order pQCD and MC generators matched to PS. Using various
tunes and PDF sets.

* Jets up to |y|=4.7, pr=2TeV. Six rapidity bins of A|y|=0.5 + one Aly|=1.5

* Theory describes data within uncertainty.

<71 pb' (13 TeV)
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Inclusive jet differential
cross sections 13TeV

* Measurement of double differential cross section on pr and y as a function of pr.
* NLO calculations describe data within uncertainty.
* LO generators exhibit significant discrepancies. Shape of
HERWIG++ in agreement with data for all rapidity bins while Lo I N

PYTHIAS8 differs for the outer rapidity bins. =
PIETY dprdy € Lz Apy(2-Alyl)

71 pb™ (13 TeV) 71 pb' (13 TeV)
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Inclusive jet differential
cross sections 13TeV

* Measurement of double differential cross section on pr and y as a function of pr.
* Comparisons with fixed order NLOJet++ shows that cross sections for the
larger jet cone size is described better.
* NLO generator POWHEG interfaced to PYTHIAS8 describes Lo | Ni

cross sections for both jet cones well. =
J dprdy € Lz Apy(2-Alyl)

71 pb™ (13 TeV) 71 pb' (13 TeV)

~ 2.5 a < 257 -
2 [CMS —e— Data § =~ [cms —e— Data ]
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Conclusions

« Excellent understanding of jet reconstruction and calibration.
« High performance of data collecting leads to precision measurements
« Various jet measurements improve our understanding of QCD.

* Inclusive jet cross-section measurement is presented from 7 and 13 TeV data.

| T T T T ‘ T T T
H1 multijets at low Q?

EPJ C67 1 (2010)
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ATLAS-CONF-2013-041 (2013)
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Eur. Phys. J. C 73:2604 (2013)
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arXiv 1307.1907 (2013)

CMS 3-Jet mass
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CMS incl. jets
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PRD 86 010001 (2012)

L
0.13

« Multijet cross section measurements at 7 and 8 TeV.

« Strong coupling extraction at 7 and (8 TeV).

* We performed measurements of the strong
coupling constant at Q~1.5TeV region and no
deviations from the QCD predictions observed.

» Currently the theoretical uncertainties being the
dominant ones.

0.14




Conclusions

« Excellent understanding of jet reconstruction and calibration.
« High performance of data collecting leads to precision measurements
« Various jet measurements improve our understanding of QCD.

* Inclusive jet cross-section measurement is presented from 7 and 13 TeV data.
CMS Preliminary

« Multijet cross section measurements at 7 and 8 TeV. ) e B Chi oo, {3 - STe¥, (W) = 01164077
i ) —=— CMSR,,, {s=7TeV
i —&— CMS Incl.Jet, Is = 7TeV
« Strong coupling extraction at 7 and (8 TeV). s R
0.18— —o— DO Incl.Jet
= DO Angular Correlation
« We performed measurements of the strong ey o s
coupling constant at Q~1.5TeV region and no 014 e
deviations from the QCD predictions observed. 012~
0.1
« Currently the theoretical uncertainties being the 0.08
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Inclusive jet cross section and
strong coupling 7 TeV
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NP corrections 13TeV

13 TeV 13 TeV
81 .06 81 .06
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NP corrections 13TeV
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3-jet to 2-jet cross section ratio
and a_ 7 TeV
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