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Motivation

® First goal is to improve our detailed description of Standard Model physics

> hard QCD - high pt: proton parton distribution functions (PDFs), strong coupling,
perturbation theory, initial and final state radiation, parton shower, (subjets)

> soft QCD - low pt: multiparton scattering, fragmentation, underlying event, etc.

® Second goal: searching new physics in high pt events
® Bonus: gain understanding of reducible and irreducible backgrounds to searches
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® Hadron colliders are complementary to e-p L
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® At very high-x, dijet production
dominated by qq scattering Pythla 8 (8 TeV)

® Sensitivity to gluon PDF S el ' ' - o
through gq->gq scattering S09F
“ o  F
° “Tagging” gluons in final state =080
may provide a more direct c V-Or
access to gluon PDF S 07 -
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® Searches of new physics in dijet CMS Preliminary 12.9 o™ (13 TeV)
spectra currently find nothing ¢+ Data
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® QCD-inspired power law fit
exceptionally good in TeV range

do / dmjj [pb / TeV]

® Continue to increase precision =
10
CMS, =
| Jet 1, 10—1 ;_ -
pt = 3.61 TeV =
ohi - 064 -
102
10 - Wide PF-jets L
E mjj >1.1TeV _‘\:w“"
1074 & Ml <25, lAni <1.3

(Data-Fit)

Jet 2,

pt = 3.38 TeV
eta =-0.56
phi =-2.49

CMS Experiment at LHC, CERN

Data recorded: Thu May 12 00:40:47 2016 EEST
Run/Event: 273158 / 238962455

Lumi section: 150

Dijet Mass: 7.7 TeV
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https://cds.cern.ch/record/2205150

Data sets now

Data sets reported here

-
CMS Integrated Luminosity, pp ©2.76TeV - Feb 2013 (54 pb )
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In the future...

CMS Integrated Luminosity,/pp

Data included from 2010-03-30 11:22 to 2016-08-14 07:04 UTC
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Data sets still to analyse

® 5TeV - Nov 2015 (26 pb")
> reference data for PbPb and pPb

> pu~0
® |3 TeV -2015 (2.2 fb'' @25 ns)

> Smallish data set with B field
issues at CMS

> u~20
® |3 TeV -2016 (>20 fb"' @25ns)
> Large, high-quality data set
> Still growing rapidly
> u>20
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Jet energy scale at 8 TeV &

. . . . -1 —1
® There is no jet physics without P ing e e i s TN SR YA BUNL A
jet energy scale corrections T e e Chs g 1051 CMS -
® Driven to extreme precision e : B 1,00 g oo ]
. e S R ] LN
at CMS with years of work ; oMM | S — E NS
> use MET projection + correct vosl | B 0.95 - P (O AN )
to zero extra jet activity | antiok, R05 — = MPF (MC) ™\
oosl B 0.90 o prbalance (Data) -
> statistically combine channels ot g LLcoShON) | pr balance (MC)
and methods, with physical I P 0.5 L Prelprps
response parameterisations i R
PRES i S
19717 8TeV) 4 oa 19717 8 Tev)  §1.00 = = o .
c rrrrrprrrrprr T ] 1. C T — 1 1 11 T T T L | ] B . — — |
O1.18[ cms Anti-k; R=0.5 PF+CHS ~ -(% - CMS b= MPF : ggz e ,It\)/lrptl):alance .— :
S1.16F 1 £1.06F — — Multijet - : o
= 3 . 1 o - hl<1.3 o o y4jet - 0.00 0.05 0.10 0.15 0.20 0.2 N
81'145 pT(let) ] UC)1.04__ a<03 —-0 = —o Z(—ee)+jet 7
21128 —60 GeV E 5._)1 oof e Z(up)Het ]
% 115+ 120 Gev 3¢ F 2, = JESunc. 1 o CMS Legacy Jet Energy
c08F  ,40 Gev — ° 1 1 scale submitted to JINST
106:_ _: E : ................. :
| oal 480 GeV 1 5008 Tt nd. - ® High-lights:
L 1 O S e —e g
- 1 o — — . ..
1.02¢ 2 [ S global fit 1 » 8TeV inclusive jets (here)
= LT E ~ 42/N,,,=107.5/92 ]
098| oo b b e b by |: 094_ >|< 1 |d?f| | 1 1 1 ool 1 ? Run I top quarl( ma‘ss’
0 1 2 3 4 5 40 100 200 1000 with precision 0.49 GeV

| p. (GeV)

T

Inclusive jet and multijet measurements at CMS, 25°+5’ 8 /25 Mikko Voutilainen, Univ. Helsinki and HIP


http://arxiv.org/abs/1607.03663

Jet energy scale at 8 TeV &

® Lowest uncertainty at y~0, pt~200 GeV is 0.32% (excluding flavor and time dependence)

® Well below [% across much of the kinematic range

® For jet physics, the relevant uncertainty is golden band + green curve,“Jet flavor (QCD)”

> this is entirely driven by MC-based uncertainty on gluon jet response

19.7 b (8 TeV)
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http://arxiv.org/abs/1607.03663

® “let flavor (QCD)” uncertainty mostly from gluon jets

® Not a feature unique to CMS: parton shower (or fragmentation) in Pythiaé and Herwig++,
affects ATLAS response in a very similar fashion (GS vs P EM+]ES vs Calo)

https://atlas.web.cern.ch/Atlas/GROUPS/
PHYSICS/PAPERS/PERF-2012-01/

ME-13-004, arXiv:1607.03663
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® Jet pt/energy resolution (JER) also important for jet measurements (unfolding)

® Well understood, leading effect from pileup offset adding to noise term (N2~ pR?)

® Data/MC differences at 10% level, stable since early Run |

CMS simulation (8 TeV)
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Inclusive jets at 8 TeV &

® Inclusive jets are the jet group flagship analysis, used for PDFs and s

_ CMS Preliminary 19.7 fb™' (8TeV)
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https://cds.cern.ch/record/2060744

Inclusive jets at 8 TeV &

® Experimental uncertainty mainly from JES and luminosity, down to 4% at lowest

® Lower than theory (CTI0 PDF + scale) uncertainty across most of the phase space

® Particularly large impact in the more forward regions (e.g. 2<|y|<2.5)
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Inclusive jets at 8 TeV &

® CTI0 PDF uncertainty may be

CMS Preliminary
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® Expect significant impact on global PDF fits (more in Bora Isildak’s talk on Thursday)

® Valence quark PDF stable, uncertainty reduced overall

® Sizeable reduction in high-x gluon uncertainty

Fract. uncert.

> relevant for new physics searches
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® Data taken right after 8 TeV (Feb 201 3, last Run | data) ensuring consistency with 8 TeV

® CERN Courier:“CMS bridges the gap in jet measurements” [link]
> fills in the region between Tevatron’s 1.96 TeV and LHC’s 7 and 8 TeV (and 13 TeV)

g1: CMS 5,43 pb" (2.76 TeV)
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http://cerncourier.com/cws/article/cern/63963
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http://hepdata.cedar.ac.uk/view/ins1410826

Inclusive jets at 2.76 TeV &

® Cancellation of uncertainties between 2.76 TeV and 8 TeV promises to be interesting

> cancellations of leading uncertainties on both experimental side (JES) and theoretical side (scale)
> (2.76/8 TeV ratio plot to be included in 8 TeV paper)
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Inclusive jets at 13 TeV &

® With just 71 pb!, kinematic reach in pr already similar to 8 TeV

® Early 50 ns reconstruction similar to Run |, enabling quick data analysis

® First(!) Standard Model Physics
publication at |3 TeV from CMS

® Smaller cone size, R=0.4, enables
direct comparisons to ATLAS
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Inclusive jets at 13 TeV &

71 pb? (13 TeV)

® Good agreement with PH+P8 predictions for
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® Tension between NLO pQCD and small R=0.5 already seen in Run | analysis

® Adding extra legs from NNLO (NLO for ratio) improved agreement for R(0.5, 0.7)

® Best agreement observed with PowHeg+Pythiab, for an effective LO+PS for the ratio

(supplementary to PRD90 (2014) 072006)
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(supplementary to PRD90 (2014) 072006)
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Dijet azimuthal decorrelations %

19.7 b (8 TeV)

® Dijet azimuthal decorrelation probes
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® Multileg event generators
(MadGraph+P6) describe data well

® LO+PS and NLO+PS generators
(Pythia, Herwig, Powheg) worse

® Emphasises need to improve
predictions for multijet production
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® |nitial quark or gluon charge leaves a small imprint on jet charge

® Three definitions of jet charge (regular, longitudinal, transverse tested)
® Variation of K parameter provides different sensitivity to softer and harder particles in jet
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Jet charge
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Conclusions

® We presented inclusive jet measurements at 2.76, 8 and |3 TeV and multijets at 8 TeV, as
well as latest public results on jet energy scale and jet charge

® pQCD agrees with data, with NLO+PS (Powheg) and multijet (MadGraph) state-of-the-art

> still room for improvement in consolidating the two, however

CMS Experiment atthe LHC, CERN
Data recorded: 2046-May-11 21:40:47.974592 G
Run / Event / LS: 273158 / 238962455 / 150
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® New data promises to have significant impact on PDFs and &s running

ips://c rn.ch record/2

» among leading experimental systematics, shared between CMS and ATLAS, is gluon jet modelling
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