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QCD and Jet Physics

Practically all physics at hadron colliders involves QCD!

QCD processes are a dominant background in a
huge variety of measurements

A better understanding of QCD translates to an
improved sensitivity in searches for new
phenomena

Why study jets?

Jet measurements ...

Test the validity of perturbative QCD (pQCD) down
to the smallest accessible distance scales

Provide a superior understanding of Parton
Distribution Functions (PDFs)

Allow measurements of the strong coupling o,

Now have access to large energy scales and high
statistics at the LHC!
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Outline

a Jet Measurements
» Inclusive Jet Production

» Diyjet Production
» Jet Ratios and the Extraction of o
» Jet Mass and Substructure

a Summary

Please see parallel session talks for much
more detail!
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Jet Measurements

Inclusive Jet Production
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Inclusive Jet Production

Inclusive Jet Cross Section at the Tevatron (/s =1.96 TeV)

—— CDF data I NCNER iR ly|<0.4 (x32)
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Systematic uncertaint
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\s = 1.96 TeV

0.1<|y|<0.7 (x10°)
. Rcone = 0.7

d°c/dp_dy (pb/GeV)

0.7<|y|<1.1
— NLO pQCD

+non-perturbative corrections

CTEQ6.5M pg=pc=p;

100 200 300 400 600
P, (GeV)

PRD 78, 052006 (2008) - PRD 85, 052006 (2012)

Test perturbative QCD over 8 orders of magnitude in do?/dp.dy
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Inclusive Jet Production D} ‘ 2 * m

Inclusive Jet Cross Section at the Tevatron (/s =1.96 TeV)

L=1.13 fb"

CDF Data (1.13 fb"') /' NLO
PDF Uncertainty
+ MRST 2004 / CTEQ6.1M

L =0.7 b
® [Dala

Systematic uncertainty

NLO pQCD Mg = Mg = P,

+non-perturbative corrections

—— CTEQ6.5M with uncertainties
e MRST2004

Systematic uncertainty
Including hadronization and UE

D@, 0.70fb" Reppe = 0.7

: R=0.7, f,0qe=0.75

merge

PRD 78, 052006 (2008)

________________________________________________________________________________________

Both CDF and DO agree with NLO QCD predictions!

=
\n
O
o
L
|._
o
2y
(@)
Q
S =
}_
~
©
i
©
()]

( Both favor somewhat softer gluons at high x )

These measurements contributed to the

development of many modern PDF sets used for PRD 85, 052006 (2012)
LHC physics today!

Jay R. Dittmann / Baylor University Jet Physics at the LHC and the Tevatron LHCP 2013 — May 15, 2013 6



Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =7 TeV)

anti-k, jets, R=0.6
L dt=37 pb™', Vs=7 TeV
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PRD 86 014022 (2012)

Theory: NLO QCD calculation (NLOJet++) + non-perturbative

corrections

Jets: anti-k; algorithm, two size parameters: R =0.4 and 0.6
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ly| < 0.3 (x10'3)

0.3<|y| < 0.8 (x 109
0.8<y|< 1.2 (x 10%
12<y]<2.1 (x 10°)
2.1<|y] < 2.8 (x 10°)
2.8<|y|<3.6(x10°)
3.6<|y|<4.4(x10°)
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L = 37 pb’
j L dt=37 pb

anti-k, jets, R=0.6

Data with
statistical error

——--ag H Systematic
. uncertainties

Ratio wrt CT10

NLOJET++ (u=p$ax) X
Non-pert. corr.

: L\}_JCTW

—_ MSTW 2008

~ - I NNPDF21

HERAPDF 1.5

Several central rapidity ranges shown
here; more available out to |y| < 4.4 4 PDF sets

Data and theory agree over
many orders of magnitude,
although theory predicts
somewhat larger cross
sections at large jet p;
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =8 TeV)
Vs = 8TeV anti-k ;R=0.7 L=10.71fb ‘|1 _

i L=10.71 o F wouy 00403

\[g = 8TeV anti-kT R=07 L= 1071fb'1 CMS Pl’ehmlna _ ;_ -.= Theo. Uncertainty

1010 1 :_ == Exp. Uncertainty

10° g 0.0 <|y|< 0.5 (x 10%)
0.5 <Jy|< 1.0 (x 10%)

= 1.0 <|y|]< 1.5 (x 10%)

1.5 <|y|< 2.0 (x 10?)
( )
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10° ey 2.0 <ly|< 2.5 (x 10"

2.5<|y|< 3.0 (x 10° CMS Preliminary

fo | L 1 Lol -
80 100 200 300 1000 2000
Jet P, (GeV)

Vs =8TeV anti-k [R=0.7 L=10.71fb
2_| L] T T T LI B B I L

- -#- Data/Theory <|vl<
- === Exp. Uncertainty 00 |y| 05

E >+ HERA1.5/CT10
= MSTW2008/CT10
=++NNPDF2.1/CT10

—NNPDF 2.1 NLO ® NP : ' : 4 —ABMHICTI0

2(I)0 3(|)0 4(I)O 5(I)O |
Jet P, (GeV)

CMS Preliminary

Highest jet p; about 2.5 TeV | Jet rapidity |y| < 3.0

Data and theory agree within 5-10% for various rapidity
ranges and PDF sets
(except the ABM11 PDF set for small |y| and p; > 300 GeV)

O"l | ! ! Ll T
80 100 200 300 1000 2000
Jet P, (GeV)

5 more rapidity ranges and
4 more PDF sets available!
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =2.76 TeV)

anti-k;, R = 0.2 shown here

L =13.6 nb"

anti-k;, R = 0.2, nl<0.5
¥ ALICEpp Vs=276TeV:L _ =13.6 nb”
[ ] Systematic uncertainty

dn (mb c/GeV)
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L] NLO (N. Armesto)
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ALICE: arXiv:1301.3475

Test of pQCD for two jet size
parameters, R=0.2andR=0.4

Ratio of 0.2/0.4 provides a measure
of radiation within the jet; also well-
described by theory.

anti-k,, l<0.5
m  ALICE pp Vs =2.76 TeV
[ Systematic uncertainty
LO (G. Soyez)
] NLO (G. Soyez)
[ZZZZZZ] NLO + Hadronization (G. Soyez)
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =2.76 TeV)
Ratio p=0(2.76 TeV) / o (7 TeV) wrt NLO pQCD vs. p; for various jet rapidity ranges

ATLAS Measured points

[ra=020p" are slightly higher

p =02/ / oV than predictions
zo-y<so ] anti-k R=04 in the central

Data with

—e— statistical reg|0n, IOwer |n

uncertainty

Systematic the forward

|:| uncertainties .
36=lyl<4.4 NLO pQCD ® reg|0n

non-pert. corrections
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p (y, p.) ratio wrt NLO pQCD (CT10)

CT10

2102 —__ MSTW 2008
GeV

pT[ ] ~ NNPDF 2.1

~ T HERAPDF 1.5

NLOJet++ x NP
anti-kT , R = 0.4 shown here

ABM 11 NLO

Ratio 0 (2.76 TeV) / o (7 TeV) vs. p; has small experimental uncertainties!

arXiv: 1304.4739, Submitted to Eur. Phys. J. C
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Jet Measurements

Dijet Production
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Dijet Production

Double-Differential Dijet Cross Section at the LHC (/s =7 TeV)

CMS: arXiv:1212.6660, accepted by PRD

Systematic

uncertainties
05<lyl <1.0 CMS

\:\ Exp. Uncertainty

® Data Vs=7TeV
—— CT10 D Theo. Uncertainty L=5.0fb"
..... HERA1.5 anti-k; R =0.7
- - = MSTW2008

== ABKMO09
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@,
anti-k, jets, R=0.6
M. (GeV)

\E:?Tev,ch|t=37pb'1

107 2x10” 0.5 < |y| < 1.0 shown here; four other rapidity
Dijet massup to 5 TeV! M,[TeV] ranges available out to |y| = 2.5.

PRD 86 014022 (2012)

Data and theory agree to ~10% for various rapidity ranges and PDF sets

Experimental and theoretical uncertainties comparable in size
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Dijet Production

(v/8=7TeV)

Eur. Phys. J. C(2013) 73:2301

Flavour Composition of Dijet Events

Jet flavor is determined L = 39 pb
by template fits to the
kinematic properties of
secondary vertices

inside jets

@ Data stat. uncert. only

] Pythia 6.423

O Herwig++ 2.4.2

v Powheg + Pythia 6.423
Total error

ATLAS
Data 2010, {s=7 TeV,det=39 pb’

® Data stat. uncert. only

] Pythia 6.423

O Herwig++ 2.4.2

v Powheg + Pythia 6.423
Total error

ATLAS
Data 2010, Vs=7 TeV

f Ldt=39 pb™

@ Data stat. uncert. only

] Pythia 6.423

O Herwig++ 2.4.2

v Powheg + Pythia 6.423
Total error

BB fraction [%]
BC fraction [%]
CC fraction [%]

Templates differentiate
between b, ¢, and light

quarks (denoted “u”)

200 300
Jet P, [GeV]

@ Data stat. uncert. only
[] Pythia 6.423
O Herwig++ 2.4.2

200 300
Jet P, [GeV]

® Data stat. uncert. only
[l Pythia 6.423
O Herwig++ 2.4.2

200 300
Jet P, [GeV]

® Data stat. uncert. only
] Pythia 6.423
O Herwig++ 2.4.2

Data and theory
agree for most
flavour pairs

v Powheg + Pythia 6.423
Total error

v Powheg + Pythia 6.423
Total error

v Powheg + Pythia 6.423
Total error

BU fraction [%]
CU fraction [%)]
UU fraction [%)]

2/ Data 2010, Vs=7 TeV, | Ldt=39 pb

200 300 100
Jet P, [GeV]

Some disagreement in
the bottom-light quark
fraction at high jet p;

200 300
Jet P, [GeV]

200 300 100
Jet P, [GeV]
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Dijet Production ‘ B * m

Dijet Azimuthal Decorrelations  (1/s=1.96 TeV)
Measure R,q(H;, ¥*, Ad,,.,), the fraction of all dijet events with AD < AD,,,

— See M. Wobisch et al, JHEP 1301 (2013) H, is the total

dijet<inCluSive) transverse momentum
Phys. Lett. B 721, (2013) 212 " the event.
DO L-=07f" — NLO pQCD + H./2 is a scale for a,
e raa non-perturb. correct.
NS = 1. e
Tevee—1 y*=% |y, —V,l

..! :
- First measurement
Aa,d of combined H; and
T -l rapidity
- } dependence!
A II Ha=pe=Hy/2
MSTW2008NLO PDFs Weaker H
T

0.0<y*<0.5 1.0<y* <20
dependence at
larger rapidity y*

L=0.7 fb"
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Jet Measurements

Jet Ratios
Extraction of O
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Inclusive Jet Ratios ‘ E * m

Inclusive 3-Jet / Inclusive 2-Jet Ratio (R3/2) (v/8=1.96 TeV)
Phys. Lett. B 720, 6 (2013)

7o 0 (M,) = 0.1180
pR = HF = meax
e Data MSTW2008 PDFs

— NLO plus
non-pert. correct.

® Data/ Theory

100 200 400 100 200 400 100 200 400 100 200 400

Measure R;/,(Prmay) i
X GeV = -1
different bins of p;,.._ _ sl Bt - 07 T i Sl D

O3 jet

Ry/p =
T2-jet

P
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Data are well-described by theory for
Prmin = 90, 70, 90 GeV

3/2

Also see DO’s angular correlations of jets R,z — see backup slides!
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Inclusive Jet Ratios

Inclusive 3-Jet / Inclusive 2-Jet Ratio (R;/, Nj/,) VEENAY
T 3-jet O 3 iet

R3/2 = N?’/2 = —Je a

T 2jet T 2-jet 0.016

(lead jet) Ell Jets) a,(M;) = 0.111 + 0.006 (exp.) “5 03 (theory)

S Extract a.:

T T T T TTT | T T T T TTT |_
B ATLAS Prellmlnary
' \s =7 TeV ~—e  ATLAS 2010 N,,

anti-k, jets, R=0.6 e —*— D@ inclusive jet ]
A —— D@ R, ]
T TN —— H1 mcluswe Jet i

III Data 2010
NLO pQCD, PDF
MSTW2008NLO and
non-pert. corrections
OLS(MZ)=0.11O
ocS(MZ)=O.13O

PDG 2012 world average
o (M )=0.1184 + 0.0007

II|III|III|III|III|III$I

Theory/Data

’
|I-II|III|III|

— ATLAS Preliminary

70 100 200 300 1000 2 3
pl_lt_aad [GGV] 10 10 10

Q [GeV]

Good agreement overall, except here for p;'*24 < 140 GeV ATLAS-CONF-2013-041
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Inclusive Jet Ratios
Inclusive 3-Jet / Inclusive 2-Jet Ratio (R;,) (v/s=7TeV)

Measure R;, vs. (ple , the Compare data to NLO QCD = Good agreement!

average p; of the two leading Extract

jets in the event a,(M,) = 0.1148 + 0.0014 (exp.) + 0.0018 (PDF) *00000 (scale)
250 < (pry ) < 1390 GeV First determination of o from

measurements at Q scales up to 1 TeV

CMS « Data (Int. Lumi. = 5.0 fb')

NLO ® NPC
Vs=7TeV — NNPDF2.1-NNLO
1(M,) = 0.119

[
anti-k; R=0.7 D Scale uncertainty +0.0055

-0.0023

CMSR,,: aS(MZ)=O.1148
CMS R,,

DO inclusive jets

DO angular correlation

H1

ZEUS

PDF uncertainty

>
s
o
o}
S
S
s
©
o

CMS: arXiv:1304.7498, submitted to Eur. Phys. J. C
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Jet Measurements

Jet Mass and Substructure
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Jet Mass and Substructure D

Jet Mass and Substructure (1/$=1.96 TeV)
Studying high-p; massive jets provides an important test of perturbative QCD

CDFRunll,L_=6 b’
Jet selection:

midpoint and anti-k; (R = 0.7) ' oo6li -o- Midpoint
leading jet p; > 400 GeV
0.1<|n| <0.7

.
‘0
~~
>
)
S

A

t

100 150
—e— Data, Midpoint, R = 0.7

dN,,
m
o
=
o
@

Compare to simple NLO

approxmation:
Almeida et al, PRD 79,
074012 (2009).

e
Njet d l
o
o
o
N

1

QCD, Pythia 6.216

80 100 120 140 160 180 200 220 240 260 280
et
m®" [GeV/c?]

PRD 85, 091101 (2012)

High mass region (70-280 GeV) well

described by perturbative QCD 80% of jets are quark jets at high p;
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Jet Mass and Substructure D

Jet Mass and Substructure (1/s=1.96 TeV) PRD 85, 091101 (2012)

. -1
Angularity: | CDFRunll L, =6fb
-e- Midpoint

0.01 0.02 0.

Sensitive to radiation near the edge of the jet —e— Data, Midpoint, R = 0.7

cone and has a characteristic shape for QCD jets. _
QCD, Pythia 6.216

Both the shape and kinematic endpoints of
the distribution described well by PYTHIA

(require jet mass to be 90-120 GeV) ' 0015 002 003

T,

N
(=]
Q
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(o
o
£
0
~
(7]
e
c
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>
w
L
o
c
o
—
(3)
©
S
L

CDFRunll,L =6 b
- Midpoint

Planar flow:

Jets with three or more energetic constituents, such as
those arising from a boosted top quark, are more planar
ila » H with Pf~ 1. Massive QCD jets tend to have Pf~ 0.

4 0.6 .
—e— Data, Midpoint, R =0.7
QCD, Pythia 6.216

f, Pythia 6.216 With higher statistics, one can discriminate
high pT QCD and top quark jets

-
o
Y
o
£
Qo
~
(2]}
-
c
(1]
>
w
Y=
o
c
o
=
o
©
pe
TN

630203 04 05 o_.'e 67 08 08 (require jet mass to be 130-210 GeV)

t1
Planar Flow™
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Jet Mass and Substructure

Jet Mass and Substructure of Inclusive Jets (1/s=7TeV)

In addition to quantities like jet direction and p;, the masses and internal structure of jets
contain additional useful information to identify the hadronic decays of boosted heavy

particles! ——
- ATLAS - 2010 Dala,J'L= 2pb’
anti-k, R=1.0 Statistical unc.
. ol 200 < p, <300 GeV, N
Study anti-k; (R = 1.0) Teed LN L — e
and Cambridge-Aachen
N WARTE S

Measure jet invariant
mass, k; splitting scales,
and N-subjettiness

MC / Data

o000 A
POOANPAONOO O

0
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.20

N

10 20 30 40 50 60 70 80_90 100
\'d,, [GeV]

Broad agreement between

—a— 2010 Data,J. L=2pb"
Statistical Unc.
Total Unc.

—— Pythia
Herwig++

anti-k, R=1.0 jets
200 < p. <300 GeV
Ney =1, 1yl <2

0.8 1 1.2
N-subjettiness 1,,

data and leading-order k; splitting scale v/d; N-subjettiness +/7a1
parton shower MC - _di
Deifimee g7 kel el Smooth observable related to

predictions the final clustering step using
(PYTHIA & HERWIG++) the k; algorithm

subjet multiplicity

=1: narrow jet with no substructure

Tends to be larger for heavy particle =0: better described by two subjets

JHEP 05 (2012) 128 decays
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Jet Mass and Substructure

Jet Mass in Dijet Events (1/s=7TeV)
Different jet “grooming” techniques are studied, which distinguish merged jets of large p;

from softer QCD gluon radiation.
L =5 fb

CMS,L=5fb"at Vs =7 TeV, Pruned AK7 Dijets

G-
2

I:I Statistical Uncertainty - otal Uncertainty HERWIG++, Tune 23

B 300-450GeV (x10") [ 450 -500 GeV (x 10%)
¥ 800-1000 GeV (x10°) V 1000 - 1500 GeV (x 10°)

A 500 - 600 GeV (x 10°)

MC/Data

O 220 -300 GeV (x 10°)
800 <p

A 600 - 800 GeV (x 10%)

2V
P Vi N Y g 5 - 600 < p?*°
AL AL o N A A e B e

—— PYTHIAS, Tune 22
---- PYTHIAS, Tune 4c

HERWIG++, Tune 23

250 300
m}Ve (GeV)

More aggressive grooming procedures lead to
somewhat better agreement between data and

MC simulation.

Agreement with HERWIG++ modeling of parton
showers appears to be best for p;A¥¢ > 300 GeV

and mAVé > 20 GeV.
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Jet Shapes

Jet Shapes in Top Pair Events (v/s=7TeV)

The differential and integrated shapes of jets initiated by b quarks from top quark decays
are compared to the jets from light-quark decays.

Light-quark jets are
found to have a
narrower
distribution of the
momentum flow
inside the jet cone
than b-quark jets.

Observations are in
agreement with
NLO calculations +
parton shower

PowHeg/Data MC@NLO/Data

See paper for many
specific comparisons
and results!

Jay R. Dittmann / Baylor University

ATLAS (s=7TeV
| Preliminary

-1
_[ Ldt=1.8fb
b-jets
s>k Data (stat @ sys)
--® - MC@NLO+Herwig

PowHeg+Pythia

light jets
<4< Data (stat @ sys)
»yy —A&— MC@NLO+Herwig
A= PowHeg-+Pythia
oSl
-

e

30 GeV < P, < 40 GeV

01 015 02 025 03 035

L=1.8 fb"

ATLAS |s=7TeV
Preliminary

PowHeg/Data MC@NLO/Data

0.05 0.1

30 GeV < P, < 40 GeV

b-jets
M Data (stat @ sys)
MC@NLO+Herwig
PowHeg+Pythia
light jets
A Data (stat @ sys)
—— MC@NLO+Herwig
PowHeg+Pythia

0.15 02 025 03 035 04

STDM-2011-48, to be submitted to Eur. Phys. J. C
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Summary
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Summary

New Jet Physics measurements continue to be described extremely well by QCD!

Inclusive jet and dijet measurements...

* extend to higher and higher jet p;
* test pertubative QCD over many orders of magnitude at various v/s
e continue to differentiate between and constrain different PDF sets

Jet ratios...

e study hard gluon radiation and higher-order effects
* can be used to extract a value of o, and test the running of a,

Jet mass and substructure...

e provide a powerful test of the parton shower approximation in QCD
e can distinguish jets from the decays of heavy particles

Tevatron measurements have greatly advanced our understanding of QCD
over the years

The LHC has brought us to an era of Precision QCD at the energy frontier!
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Additional information...

Many more Tevatron QCD and Jet results are available here:

Many more LHC QCD and Jet results are available here:

CMS:

ALICE:
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The Fermilab Tevatron

Run Il at the Tevatron

Proton-antiproton collisions at 1.96 TeV
In operation from 2001 — 2011
Peak luminosity 4.3 x 1032 cm2 s?

Delivered integrated luminosity nearly 12 fb?

Integrated Luminosity 11871.03 (1/pb)

Integrated Luminosity (1/ph)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Fiscal Year 08 = Fiscal Year 07
Fiscal Year 02

m Fiscal Year 11 e Fiscal Year 10 a Fiscal Year 09
v Fiscal Year 06 =« Fiscal Year 05 » Fiscal Year 04 = Fiscal Year 03

Up to about 10 fb! of data available for
each experiment ( and DO).

Jay R. Dittmann / Baylor University

The Tevatron operated beautifully in recent years.

2012

Jet Physics at the LHC and the Tevatron

[

Ay S~ e S
TR "j‘*’.-s =gt Y
— " ] o \“‘- \;

soufce - 50 D
P2 Main Injector J
& Recycler

/)
TARGET HALL
ANTIPROTON

BOOSTER
LINAC

COCKCROFT-WALTON

LHCP 2013 — May 15, 2013 30



The Large Hadron Collider (LHC) at CERN

Proton-proton collisions (also lead ion collisions)
In operation from 2008 — present

Peak luminosity 7.7 x 1033 cm2 st

Total delivered pp integrated luminosity:
about 23 fb! (at 8 TeV)
about 6 fb! (at 7 TeV)

Total integrated luminosity delivered by LHC
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

m— 2010, 7 TeV, 44.2 pb !
w— 2011, 7 TeV, 6.1 b '
— 2012, 8 TeV, 23.3 !
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The

\ . 15-m long
. LHC cryodipole

The LHC’s excellent performance !
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The CDF and D0 Experiments

Central Calorimeter (E H)
Ceptral Muon o

Wall Calorimeter (H) %f - Solenoid Central Tracking

=

e — ‘ ‘
Plug Calorimeter (E/H) N S Calorimeter

Forward MuQn

Forward Calorimeter (E)

Luminosity Monitor

S Time of Flight
- _— 3 w— o ; =3 entral Outer Tracker

[/ T a—, Silicon Vertex Detector
; , | Intermediate Silicon

Two Multi-Purpose Detectors:

e, 4, and t identification

jet and missing energy measurement

M S e = S
heavy-flavor tagging through displaced = N ??’f/ =
vertices and soft leptons = X
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The ATLAS, CMS, and ALICE Experiments

3 | Three of the experiments
- running at CERN !

Weight: 7000t

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

i Inner Detector ieldi
Bamvel, Torold Hadronic Calorimeters Shielding Particle '_P:I‘(')'hhhlﬂ.umcnlum
identification 4

Detector Identification

Detector

_ Time
Projection
Chamber

Absorber
Dipole Magnet

MUON CHAMBERS INNER TRACKER | CRYSTAL ECAL.
T ¥ . :

Muon Chambers ﬂ

Photon
Spectrometer
Tracking
- System
Total Weight : 14,500 t.
Overall diameter: 14.60 m .
Overall length : 21.60 m SUPERCONDUCTING
Magnetic field : 4 Tesla
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Jet Physics

Jets at Hadron Colliders

Hard scattered parton creates

Hadronization Jet a “jet” of observable particles

Parton N 7 s
showering Dominant hard process:
Outgoing parton —-., T ¢ QCD 2 — 2 scattering of partons
®
Proton Anti(Proton)

9,8 9,8
X1 P Y2 P>
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Jet Physics

Measuring Jets

Detector-level jets
,._-f-"’_’
fe

\

P

) \ .
| Hadmonic showers |

2 | EM showgrs ) )
% ’ :-!l ; Experimentally, jets are
measured in the detectors.

\ HlH v,
\ | '
\ h 1t AN
]

Particle-level jets i )f ," Need to “unfold” the

\"Hadronization measured jets to the
o —y .
\\% . & “true” particle level
Parton-level jets &f  [& for CAHINPATESTRES .W":-h
| theoretical predictions

Big experimental challenge!

Underlying event
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =7 TeV)

1.0<lyl<1.5 \:’ Exp. Uncertainty
® Data

— CT10 D Theo. Uncertainty L=5.01fb"
HERA1.5 anti-k; R=0.7

- == MSTW2008

=t ABKMO09

lyl <0.5 (x 10%)
05<lyl<1.0(x10%)
\s=7TeV 1.0<lyl <1.5 (x 102)
L=5.01fb" 15<lyl <2.0 (x 10")
anti-k, R=0.7 20<lyl<25(x10%)

Ratio to NNPDF2.1

1.0 < |y| < 1.5 shown here; several other
rapidity ranges available

1000 2000
Jet P, (GeV)

CMS: arXiv:1212.6660, accepted by PRD

Highest jet p; about 2 TeV !
Theory: NLO QCD calculation + non-perturbative correction
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =7 TeV)

lyl <0.5 Ex ;
p. Uncertainty
® Data

—— CT10 ﬂ Theo. Uncertainty L=5.0fb"
* anti-k; R=0.7

CMS: arXiv:1212.6660, accepted by PRD

=== MSTW2008
e ABKMO09

Ratio to NNPDF2.1
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC
PRD 86 014022 (2012)
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =7 TeV)
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =2.76 TeV)

anti-k;, R=0.2 anti-k;, R=0.4

anti-k_, R = 0.2, hl<0.5
%  ALICEpp V\s=2.76TeV: L, =13.6 nb"

anti-k,, R = 0.4, nl<0.5
- # ALICEpp Vs=2.76 TeV:L_ = 13.6 nb™
B= [ | Systematic uncertainty
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Inclusive Jet Production

A A
T
L
A
S

Inclusive Jet Cross Section at the LHC (/s =2.76 TeV)
arXiv: 1304.4739, Submitted to Eur. Phys. J. C
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Inclusive Jet Production

Inclusive Jet Cross Section at the LHC (/s =2.76 TeV)
arXiv: 1304.4739, Submitted to Eur. Phys. J. C
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Inclusive Jet Production

Double-Differential Dijet Cross Section at the LHC (1/s =7 TeV)
PRD 86 014022 (2012)
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Inclusive Jet Production

Double-Differential Dijet Cross Section at the LHC (+/s
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Inclusive Jet Production

Double-Differential Dijet Cross Section at the LHC (1/s =7 TeV)

arXiv:1212.6660, accepted by PRD
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Inclusive Jet Ratios

Inclusive 3-Jet / Inclusive 2-Jet Ratio (R;,) (/s =7TeV)

CMS

\s=7TeV
an’[i-kT R=0.7

Data (Int. Lumi. = 5.0 fo'™)
— —  MSTW ay(M,) =0.107 - Min. Value

MSTW o, (M) = 0.1171
— . — MSTW ay(M,) =0.127 - Max. Value

1000 1200 1400
{p,, ,) (GeV)

arXiv:1304.7498, submitted to Eur. Phys. J. C
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Angular Correlations

Angular Correlations of Jets (/s =1.96 TeV)
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Angular Correlations

Angular Correlations of Jets (/s =1.96 TeV)
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Angular Correlations

Angular Correlations of Jets (/s =1.96 TeV)

Jay R. Dittmann / Baylor University

o (Q) from jet and event shape data

DO R,q

D@ incl. jets
ALEPH evt. shapes
JADE evt. shapes
ZEUS incl. jets

H1 incl. jets

0 (M) = 0.1184 + 0.0007
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Q (GeV) 29

Phys. Lett. B 718, (2012) 56
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