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Ilntroduction

= QCD processes dominant @ LHC

— hadron colliders are jet factories

= Motivations

0 UNDERSTAND backgrounds for
virtually all new physics channels

0 TUNE Monte Carlo generators

0 TEST QCD in unexplored regions
of the phase space

0 STUDY the proton structure,
non-perturbative effects, ...

0 DETERMINE strong coupling

® Measurements

O Jet cross-sections
(Differential & Ratios)

0 Events shapes
0 Angular Distributions,
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I Introduction ﬂ(".

= QCD processes dominant @ LHC PDG 2012
- hadron colliders are jet factories April 2012

o
= Motivations Q)

O UNDERSTAND backgrounds for 04}
virtually all new physics channels

0 TUNE Monte Carlo generators

0 TEST QCD in unexplored regions 4 |
of the phase space '

0 STUDY the proton structure,
non-perturbative effects, ...

O DETERMINE strong coupling 0.2+

® Measurements
O Jet cross-sections

v T decays (N3LO)

DIS jets (NLO)

Heavy Quarkonia (NLO)

e'e jets & shapes (res. NNLO)
Z pole fit (N3LO)

N pp = jets (NLO)

® O O >

pre LHC era

200 GeV

(Differential & Ratios) 0.1+
O Events shapes =—QCD (M) =0.1184£0.0007
0 Angular Distributions, .... 1 10 Q [GeV] 100
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IThe Large Hadron Collider -\S(IT

CMS Integrated Luminosity, pp

= Very successful LHC operations "} Bl
in 2010-2012 S 20l 0 — 20125 Tev. 330

= 8 TeV: Challenging environment £
0 Very high pile-up, new techniques %10

= 13 TeV in 2015 £ P
0 LHC may exceed design lumi and :, !/ o

. . . ‘W‘ N W Wo° \’\o\ «)\;9 \’9@9 \’00‘ N W R oe¢
run at higher tan design pile-up e
\ 7 o R L I R I L I B I

- ATLAS Online Luminosity
160 - [ Vs=8TeV, [Ldt=208" <u>=207
140 a5 O Vs=7Tev, det =52 <u>= 9.1
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Recorded Luminosity [pb ~¥0.1]
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78 reconstructed Vertices (CMS) Mean Number of Interactions per Crossing
ATLAS-CONF-2013-085
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IThe LHC Experiments

Overall diameter: 14.60 m
Overall length : 2160 m
Magnetic field : 4 Tesla

= Tracking |n| = 2.5, Calorimetry |n| ~ 5.0
ATLAS ! ! CMS
Calorimeter Jets Muon detector |r]| = 2.4-2.7 Particle Flow Jets

® Jets are clustered from the reconstructed
objects in the event

0 ATLAS: Topological clusters (ECAL /
HCAL, corrected for event pile-up)

0 CMS: Particle-flow candidates (ECAL /
HCAL towers + tracking information)
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ITagging and suppression of pileup jets ﬂ(".

warlsrdhe Inshiube of

= With increasing pile-up, the identification of pile-up jets becomes
more important — pile-up jet tagger
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IJet Energy Scale ﬂ(".

1 TeV 8 TeV

CMS preliminary, L 4.9 fb1 v’E 7 TeV CMS prellmlnanr L=19 fb 1s=8 Te‘l."

" ATLAS & CMS
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Ilnclusive Jets

= One of the most fundamental tests of QCD is the measurement of

the inclusive jet cross section

| e | E L | I | I I L | I | I I L | ?
N%, ol 5L inclusive jet cross-sections e« ATLAS (2013) -
G 10 = o Vs = 2760 GeV, |y<03 "=
Q - ATLAS (2012) =
.9.' 1 09 = Vs = 7000 Ge(V, |y|<0.3) =
Ee) - CMS (2011) 3
.G_J,Q_|— 108 = Vs = 7000 GeV, |y|<0.5 =
E = CDF (2008) =
Nb 1 07 e Vs = 1960 GeV, |y|<0.1 =
© = DO (2008) 3
——— B Vs = 1960 GeV, |y|<0.4
e 1 06 E ’ =
g = UA2 (1991) 3
— 105 - Vs = 630 GeV, )|<0.85 7
& : 5 UA2 (1985) S
~ — Vs = 546 GeV, ))|<0.85  —
AN 4
10 ?105357 UA1 (1985) =
— 0.150.2 0.25 0.3 0.35 0.4 0.45 Vs = 546 GeV, h<1.4 .
1 03 E 11 11 | ] Lol 1 1 T I I = |

10 10
®= Huge phase space covered by the experiments

8 Fred-Markus Stober | IEKP - KIT | SM@LHC Madrid

X' =2 pjft/ s


mailto:SM@LHC

Ilnclusive Jets

® The inclusive jet cross section was measured by ATLAS / CMS
at all available center of mass energies (2.76, 7 and 8 TeV)

2 76 TeV
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I TeV
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Ilnclusive Jets — Ratio of 2.76 and 7 TeV results ﬂ(".

= Systematic uncertainties can be reduced by studying the ratio of the
Inclusive cross sections (correlated uncertainties cancel)

T
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= |:| uncertainties
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Ilnclusive Jets — Ratio of R=0.5 and 0.7 results &J(IT

= Discrepancies when comparing data to LO simulations and to fixed

order calculations at NLO, corrected for non-perturbative effects

= Simulations with NLO matrix elements + matched parton showers
describe the data quite well

= |ndicates the
Importance
of final state
radiation in
the description
of the inclusive
jet cross-section

Q65F

CMS-PAS-SMP-13-002

0.8F
0750 "

0.7
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CMS preliminary, L = 5fb™ {s =7 TeV CMS preliminary, L =5 b is=7TeV
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Ilnclusive Jets
pp‘J_ 8Tev
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= |In general agreement with NLO+NP
over several orders of magnitude
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= ABM11 PDF shows larger discrepancies
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IDijet Mass Cross Section ﬂ(IT

= Study of the invariant mass

l 1010 — I [ [ [ T [ I [ I -

: t = = ° *<05 (x10° )y
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B o = ]
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= Comparison with NLOJet++ 10| | oncortaimies T o
prediction + NP & EW corr. W F NLOJET++ -
max 0 S'y* 107 F CT10, p=p_exp(0.3 y*) S =

— — — ' _ Non-pert. & EW corr. —
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3x10" 1 2 3 4567

arXiv:1312.3524 m;, [TeV]

CMS: PRD 87 (2013) 112002
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IDijet Mass Cross Section S(IT

warlsrdhe Inshiube of

= Data comparison with NLO pQCD predictions need non-perturbative
corrections (derived from general purpose generators)

= EKW corrections derived for NLO EWK processes on LO QCD
prediction (tree-level O(aa_,a”) and loop effects O(aa_%))
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arXiv:1312.3524 M, [TeV] arXiv:1312.3524 my, [TeV]
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14 Fred-Markus Stober | IEKP - KIT | SM@LHC Madrid (baCkUp Slide 43)



mailto:SM@LHC

IDijet Mass Cross Section
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Theory/data
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CMS: PRD 87 (2013) 112002
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IThree-Jet Mass Cross Section ﬂ(".

= Using maximal rapidity ymax Of the three-jet system to define
disjoint phase-spaces:

sign(| max(y1, y2,y3)| — [min(y1, y2,¥3)|) - max ([y1, |y2], [y3|) e
o)
= Measure double differential three-jet cross section: Trd
CMS-PAS-SMP-12-027 M3tYmax
i . -1 o
- CI\?'ISprellmlnary ! L£L=50fb I\/?— 7 TeV R , CHS Proiminary |
U Ol Theory 9 [®] Data2011/NP .
v : : [ max < 1 > [] CT10-NLO, APDF CL68
> o | S e
B —0— 1 < |y|max < 2 h - - - - HERAPDF15-NLO
10! ' - o 15 0 ABM11-NLO -
£ o i T
%10_%_1006\/ ] _g 1
: > ; : -
m_ﬁ;r;mjo;%?w 05 | -
107 i ' " L=50fb" Vs=7TeV
5.10% 103 2.10° L 3-JetMass Anti-k; R=0.7
ms [GeV] 0 'lYlm“fL? L
5-1('.‘2 103 2-103

m, (GeV)
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I3-jet to 2-jet cross section ratio

= CMS: Ratio between
3-jet and 2-jet production as
a function of the average p_

do™i 23/(1 <;I)T112>
do™i Ez/d <pTl,2>
= Advantages of studying the ratio:

O Luminosity uncertainty removed antproton

0 Avoids the direct dependence on
PDFs & the RGE of QCD

= ATLAS: Looking at two related observables:

N'et
dO'NJet>3/dplead Nyja(p (aujetg)) ZIJ (dO'N-et23/de,i)

— dO_AGet:) /dplead Z*N]Ct (dO'NJet>2/de I)

Rss (<}'3‘T1:2>) = X Oés(Q)

M. Wobisch

R3 /z(Plead)
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I3-jet to 2-jet cross section ratio

= Theory prediction (NLO+NP) — Scale:
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warlsrdhe Inshiube of

Q = p, (evaluated for all jets)

ATLAI\S Preliminéry
\s=7TeV
anti-k, jets, R=0.6
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AT

Data 2010
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MSTW2008NLO and

1.2F

ﬂ—ﬁ non-pert. corrections
—e ; ocS(MZ)=O.110
R ag(M)=0.130
— | ' " " —

70 100

200 300
ATLAS-CONF-2013-041

1000
pfrall jets) [GeV]


mailto:SM@LHC

IEvent Shapes cwMs-PAS-SMP-12-022

ATLAS: EPJC (2012) 72: 2211
(backup slide 45)
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ICoIor coherence effects ﬂ(IT

= Study of three-jet events where the two jets with the largest
transverse momentum exhibit a back-to-back topology

= The measured angular correlation between the second- and third-
Ieadlng Jet |s shown to be senS|t|ve to CO|OI‘ coherence effects
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s

Extraction

= Study sensitivity to the strong coupling by comparing
0 Data with well understood uncertainties and correlations
0 Theory (usually NLO+NP) prediction using the a_series of the PDF

AT

warlsrdhe Inshiube of

groups
CMS-PAS-12-028
O 1.6F - — — _
% — lyl<0.5 CMS Preliminary - 7 TEV |nC|USIVG Jet data
— Data (Int. Lumi. = 5.0 fb™) \s=7TeV ]
® - —— — CT10 a,(M,) = 0.112 - Min. Value anti-k; R =0.7 =
6 1.4— CT10(XS(MZ)=O118 — (\I?.< 112: \\\\\ L L L L L T T T T T 3
| ~ — . CT10 o (M,) = 0.126 - Max. Value = —CMS Preliminary 3
- s\"z . - 1M1= . *
s ] I >
= 1.2+ . — T — 10— Polynomial Fit —
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% L - 109 =
= 1"__:L_Llll]l IIIITTIT.H ] S E
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ie) — i — \\ . =
g 08 T | 106 s =
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2)(102 3)(102 103 2)(103 0.112 0.114 0.116 0.118 0.12 0.122 0.124 0.12%( ?“/1'2)8
Jet P, (GeV) -

as(Mz) = 0.1185 £ 0.0019 (exp.)”
+ 0.0028 (PDF)
0.0004 (NP) "5 00

= Alternative: Simultaneous fit of PDF & o (eg. with HERAFitter)

= Scale uncertainties are treated separately

O Envelop based on 6 point scale variation (scale)
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IO(S Extraction — 3-jet to 2-jet cross section ratio ._\ﬂ("'

In order to avoid threshold effects, fits only > 400 GeV

a (M ) = 0.1148 + 0.0014 (exp.) + 0.0018 (PDF) x 0.0050 (theory)

Running can be checked by splitting measurements into regions

Results at different scales:

(pm1,2) range  Q as(Mz) as(Q) No. of data  x*/Ngos
(GeV) (GeV) points
420-600 474  0.1147 £0.0061 0.0936 £ 0.0041 6 44/5
600-800 664  0.1132 +0.0050 0.0894 4+ 0.0031 5 59/4
800-1390 896  0.1170 =0.0058 (0.0889 = 0.0034 10 5.7/9
Detailed uncertainties:
(PT12) range Q ag(Mz) exp. PDF theory
(GeV) (GeV)
420-600 474 0.1147 +£0.0015 +0.0015 =+0.0057
600-800 664 0.1132  £0.0018 4£0.0025 =£0.0039
800-1390 896 0.1170 £0.0024 +0.0021 +0.0048

|
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IRunning of the Strong Coupling ﬂ(".

= Running of the strong coupling is sensitive to new physics

0 April 2012 0.2 [x effects of extra spacetime dimensions | M-Wobisch
o (Q) v Tdecays (N3LO) 0175 £ N\on the running of the strong coupling
S ' ' g
: 0.15 n: No. of extra dimensions
0.4 s DIS jets (NLO) . 0125 E
0 Heavy Quarkonia (NLO) c =
o ' jets & shapes (res. NNLO) = 01 F
e Z pole fit N3LO) 0.075 F Mo =200 GeV - N o1
N pp — jets (NLO) 0.05 =5 \
0.3 | 0.025 E_ K. Dienes, E. Dudas, T. Ghergetta A n=2
. - arXiv-hep-ph/9g03466 n=3>_ "~
0 C11l | | | L1 1111 | | | 11 1111
2 3
200 GeV 10 10 107 — Lo
02} Q (GeV) ]
0.105F ;
& 0.100f ]
0.1¢ 0.095F o ;
— — 0.090L —— SM + color triplet ]
— QCD % (M= =00007 — SM+ colo o -
0.085L—— SM + color sextet J
1 10 Q [GeV] 100 F—— SM + color decuplet <
PDG 2012 ““0 300 500 700 1000 1500 2000 3000

arxXiv:1403.7411 Q [Gev]
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IRunnlng of the Strong Coupling
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IStrong Coupling - Summary

IT

= | HC jet data probes the strong coupling above 1 TeV
O Uncertainties dominated by theory

= NNLO jet predictions needed

= Electroweak corrections become increasingly important

NLO

NNLO >

H1 multijets at low Q?
EPJ C67 1 (2010)

H1+ZEUS (NC, CC, jets

)
H1-prelim-11-034, ZEUS-prel-11-001 (2011)

ZEUS incl. jets iny'p

Nucl. Phys. B864 1 (2012)
H1 norm. multijets at hlgh Q?
H1-prelim-12-031(2012)

CDF incl. jets

Phys. Rev. Lett. 88 (2002)

DO incl. jets
PRD 80 111107 (2009)

DO am]:l correl.
Phys, lett. B718 56 (2012)

Malaescu & Starovoitov (ATLAS incl. jets)

EPJ C72 2041 (2012)
ATLASN,,
ATLAS-CONF-2013-041 (2013)
CMSR,,

Eur. Phys. J. C 73:2604 (2013)

CMS tf cross section
arxXiv 1307.1907 (2013)

CMS 3-Jet mass
CMS PAS SMP-12-027

CMS incl. jets
CMS PAS SMP-12-028

World Average
PRD 86 010001 (2012)

HERA

Tevatrotr

ATLAS

CMS

| | |
0.11 12
P. Kokkas, ESHEP2013

1 ‘ |
0.13

| ‘ |
0.14
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| | 1
0.15
0g(M)

T
‘c—decays l:-o—l as(Mz)=0.1197 + 0.0016
Lattice NNLO |q|>| as(Mz)=0.1185 + 0.0007
DIS —O— : as(Mz)=0.1151 + 0.0022
ete” annihilation +—o7— ct(Mz)= 01172 +.0.0037
Z pole fits I—:-O—| as(Mz)= 0.1197 £ 0.0028
.I....|...I.I....|....
0.11 0.12 0.13

S.Bethke, PDG2012 a. (M)

as(Mz) = 0.1160 £ 0028 (exp, PDF, NP)
+000 (scale)

Three-jet mass (NLO):
Scale uncertainty major
contributor to uncertainties!


mailto:SM@LHC
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® | HC Jet measurements with 2.76 TeV, 7TeV and 8TeV data
0 Many observables studied & good agreement with the SM

= Precision physics
0 Excellent understanding of the detector, very small jet
energy scale uncertainties

= Theory:
0 LO not sufficient — NLO & NP corrections widely used

0 Some measurements: large scale uncertainties - NNLO
(preceeding Talk by N.Glover)

= Extraction of the strong coupling:

0 Confirmed running of up to very high scales
(0.2TeV - 2TeV)

0 Results in agreement with world average
Fitting PDFs — see Talk tomorrow by C. La Licata
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IMore Results ﬂ(".

= Many more public results are available from the LHC experiments

O ATLAS
= https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

0 CMS
= https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
= https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
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IBACKUP AT

Karisruhe Instiute of Technology
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IParticIe Flow ﬂ(".

= Particle-Flow assigns tracks, HCAL and ECAL clusters to
Particle-Flow candidates (e, U, photons, charged & neutral hardrons)

= PF Candidates used to cluster jets, reconstruct MET, isolation, ....
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I.Jet Reconstruction ﬂ(".

anti-k,R=1__ |

= Distance dij between objects and
distance diB to the beam

Ay? + A¢?
dij = min(k;? . k:P) A + -]

1 Kkt
p=<0  Cambridge/Aachen

- M. Cacciari, G. P. Salam and G. Soyez,
—1 anti-k; JHEP 04 (2008) 063

= Compute all dij diB and calculate d = min(dij, diB)
0 If d = dij, combine objects i and |
O If d = diB, define object i as jet and remove from further calculations

= Continue until all objects are jets (cone-like)
- collinear and infrared safe procedure

= ATLAS and CMS use Anti-KkT jets by default (but different sizes)
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ICharged particle multiplicities -\3(".

= | HCb uniquely suited to study the forward region

= Recent QCD result:
Charged particle multiplicities are studied at 7 TeV

= New tunes are able to describe the observed spectrum very well

:’ + I I I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 + : .I. I I I I I I I I 1 1 1 I 1 1 1 1 I 1 1 1 1 .I.
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IPiIe-up ﬂ(".

= Experiments have developed technigues to cope with the pile-up by
substracting the additional energy from the event

C :I | T T 1 | T T | T T I T T | T T T | | | T T | I I:

S - ATLAS Simulation Preliminary 1s=8TeV -

10 ﬁ 0.3 z (Pythia 8) —— Uncorrected E

S © antik LCW jets with R=1.0 - .

; ] E 025:— ic??r fnjEtT ><3§0é)e(3/ev —#— Corrected _:

15 o g ~ corr 1,,> 0.1 Truth o ]

. ‘ B = 02:_ -(f)-'¢'_+_ rut -partlcejets_:

paazay [N © i < i

= ‘5015~ A3 -

s | B <T:0'153 % {'5_,_ :

: 0.1 ¥ oo -

- mE_ B o v ’

” 0.05- o .

https://twiki.cern.ch/twiki/bin/view/CMSPublic/ ™~~~ i"‘O e .

PhysicsResultsDPSUESubtractionPF i e et ey T .

Y OE*PTETQ?‘-.S}CW?.A..M..MQ.&WQ.E
0O 02 04 06 08 1 12 14

ATLAS-CONF-2013-085 T3
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IDijet Mass Cross Section

—
o
LI I )

Theory/data

%

o
o)

—
A8}

0.8

1.2:

2 3 4
m,, [TeV]

33 Fred-Markus Stober | IEKP - KIT | SM@LHC Madrid

Theory/data
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IDijet Mass Cross Section ﬂ(“.

. max  0.3y*
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ICoIor Coherence Effects ﬂ(lT

warisruhe Instiute of Technology

= Comparison with additional tunes / generators

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII |||I|||Il|||l||||l|||Illllllll.
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IEvent Shapes - high leading pT ﬂ(".
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Determination of the Strong Coupling

ST
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Ilnclusive Jets

CMS Preliminary 2011
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Ratio to NLO (CT10-NLO)
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IStrong Coupling - Inclusive Jet

Base set Refs. Evol. Nf M; (GeV) Mz (GeV) ag(Mz) was(Mz) range
ABM11 [13] NLO 5 180. 91.174 0.1180 0.110-0.130
ABM11 [13] NNLO 180. 91.174 0.1134 0.104-0.120
CT10 [14] NLO <5 172. 91.188 0.1180 0.112-0.127
CT10 [14] NNLO <5 172. 91.188 0.1180 0.110-0.130
HERAPDF15 [15] NLO <5 180. 91.187 0.1176 0.114-0.122
HERAPDF15 [15] NNLO <5 180. 91.187 0.1176 0.114-0.122
MSTW2008 [16,17] NLO <5 101 91.1876 0.1202 0.110-0.130
MSTW2008 [16,17] NNLO <5 1010 91.1876 0.1171 0.107-0.127
NNFPDF21 [18] NLO <6 175. 91.2 0.1190 0.114-0.124
NNFPDF21 [18] NNLO <6 175. 91.2 0.1190 0.114-0.124

Marisruhe Instiute of Techng oy

Table 4: Determination of as(Mz) in bins of rapidity using the CT10-NLO PDF set. The last
row presents the result of a simultaneous fit in all rapidity bins.

No. of data

ly| range points as(Mz) X%/ Mo

v < 05 3 0.1187 = 0.0024(exp) £ 0.0029(PDF) _ 165/32
+0.0008(NP) 5 o1 (scale)

05 < [y[ <10 30 0.1181 = 0.0024(exp) = 0.0029(PDF) _ 25.3/29
+0.0008(NP) 5 0053 (scale)

T0<y] <15 27 0.1165 = 0.0027(exp) = 0.0024(PDF)  9.6/26
+0.0008(NP) 50015 (scale)

15 < [y] < 20 24 0.1146 = 0.0035(exp) + 0.0030(PDE) _ 20.3/23
+0.0013(NP) 5o (scale)

20 < [y < 25 19 0.1161 = 0.0046(exp) = 0.0053(PDE) _ 12.8/18
+0.0015(NP) 7900 (scale)

[ <25 133 0.1185 = 0.0019(exp) = 0.0028(PDF) _104.6/132

+0.0004(NP) 000 (scale)
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IStrong Coupling - Three-Jet Mass

PDF X?/Naot as(mz) =(exp, PDF,NP) Z(scale)
CT10-NLO 8.92/26  0.1169 150033 00035
CT10-NNLO 8.51/26  0.1164 +0.0028 +9-0933
HERAPDF15-NLO 14.76/26  0.1200 +0.0014 +9-9008
HERAPDF15-NNLO  9.00/26  0.1159 4-0-0012 499028
MSTW2008-NLO 9.11/26  0.1160 +9-0922 +9-005%
MSTW2008-NNLO 9.54/26  0.1167 1-9-0920 +9-0052
NNPDF21-NLO 9.01/26  0.1140 +0-0037 +0-0049
NNPDF21-NNLO 9.47/26  0.1168 409021 499992

ms [GeV] (Q) [GeV] x?/Naot as(my) =+(exp, PDF,NP) Z(scale)
445-604 258 +£12  0.05/3  0.1152 +0:0042 100075
604 794 339+14  0.28/3 0.1163 00093 0002
794-938  427+12  0.46/2  0.1179 4-0-0042 4:0-0063
938-1098  502+13  0.01/2  0.1177 +0.0039 40-0065
1098-1369  600+£20  0.70/3  0.1174 4 0-0032 4-0-0066
1369-2172 783 + 32 2.22/7  0.1175 +0.0034 19-0985
2172-2602 1163 + 31 1.40/3  0.1218 +9-9937 +9-9061
2602-3092 1386+34  0.33/3  0.1166 +0-0079 400088
445-3092 304415 9.11/26  0.1160 +9-0033 190958
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IRunning of the Strong Coupling
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IThree-jet Mass — PDF sensitivity
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IDijet mass
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I3-jet to 2-jet cross section ratio
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distributions. The NLO pQCD predictions for Rs;2 are obtained by setting the renormalization and fac-
torization scales to the simulated leading jet py (up = pup = p.ll"‘.‘“d ), while theoretical predictions for Ny
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I3-jet to 2-jet cross section ratio
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IEvent Shapes
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Eur. Phys. J. C (2012) 72: 2211
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IPiIeup Jet ID &J(IT

= Pileup jets can be effectively removed by a minimal jet-vertex-fraction (JVF)
requirement. The JVF variable is defined as the scalar transverse momentum (pT)
sum of the tracks that are associated to the jet and originate from the hard-scatter
vertex divided by the scalar pT sum of all associated tracks:

Yk Pr(PVy)
|:°Ll |;='_|
i pp (PVo) + Zpny 2y oy (PV,)

= corrJVF is a variable similar to JVF, but corrected for the NVitx dependent average

scalar sum pT from pileup tracks associated to a jet pHis
corr]VE =

IVF =

PU corr
;}?5 + Pr
where pT HS is the scalar pT sum of the tracks that are associated to the jet and
originate from the hard-PU,corr scatter vertex and pT is a measure of the pileup
pT of a jet relative to the average pileup activity in the event

= The variable RpT is defined as the scalar pT sum of the tracks that are associated
to the jet and originate from the hard-scatter vertex divided by the fully calibrated
jet pT, which includes pileup subtraction: v, F%{khipvﬂ]
R,r =
p

jet
Pt
= The jet-vertex-tagger (JVT) is constructed using RpT and corrJVF as a 2-
dimensional likelihood, based on a k-nearest neighbor (kNN) algorithm.
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Ilnclusive Jet R=

CMS preliminary, 5 fb1
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