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Jet production

Consider events with final state partons

Generally < )%55
Wide range of phenomena including: H
Y

» Hard scattering of partons ]
» Decay of heavy, short-lived particles (e.g. weak bosons) oo —

* May involve mixed strong, weak, EM vertices 9—%
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Jet production

Consider events with final state partons

eNEeYA A + B => parton + X H )%E;y

Wide range of phenomena including: H
"\

e Hard scattering of partons ]
* Decay of heavy, short-lived particles (e.g. weak bosons) e —
 May involve mixed strong, weak, EM vertices

Use to study: Q—ég‘

» Strong dynamics, couplings, PQCD, NP models >" _____ <
» Hadron structure and new scales of structure

» Measure hadronic decay modes, seek new massive states
A

"
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Starting picture

Jet
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Fragmentation

Density

Photon

Problem “neatly” factorizes into:

» Perturbative hard scatter (+ hard radiation) [short time/distance]

* Non-perturbative parton density and fragmentation models (+soft
radiation) [long time/distance]
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More motivations

» searches for new phenomena limited w/o proper understanding Q
background
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More motivations

* searches for new phenomena limited w/o proper understanding QCD background
* providing unique constraints on PDFs: (also see talk by J. Bluemlein)

accessible x-Q? regions complementary at fixed target, DIS,
Tevatron and LHC

Atlas and CMS

| Atlas and CMS rapidity plateau
D0 Central+Fwd. jets
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More motivations

* searches for new phenomena limited w/o proper understanding QCD backgrou
* providing unique constraints on PDFs: (also see talk by J. Bluemlein)
accessible x-Q? regions complementary at fixed target, DIS, Tevatron and LHC

* X extraction, test of RGE

Atlas and CMS
| Atlas and CMS rapidity plateau M A0 Tev
D0 Central+Fwd. jets
CDF/D0O Central jets
| H1
ZEUS
I NMC
BCDMS
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Fractional Uncertainty
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More motivations

* searches for new phenomena limited w/o proper understanding QCD backgrou
* providing unique constraints on PDFs: (also see talk by J. Bluemlein)

accessible x-Q? regions complementary at fixed target, DIS, Tevatron and LHC
» x_extraction, test of RGE

e studying internal jet substructure (see talk by E. Duchovni)

DM particle

Atlas and CMS
M =11 D Tev
~ -

| Atlas and CMS rapidity plateau
D0 Central+Fwd. jets

8L ot

neutraline

CDF/D0O Central jets
| H1

ZEUS
I NMC

BCDMS

E665

SLAC

Fractional Uncertainty

CTEQ 6.6
Q=100 GeVic
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Major challenge of

Standard Model Physics Processes

Tevatron Run I, pp at\s = 1.96 TeV Nk 2 W T
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Jets o CDF Preliminary NRS R
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Major challenge of

BSM Physics Processes

Tevatron Run I, pp at s = 1.96 TeV

L 3

Jets o CDF Preliminary
Heavy Flavor m CDF Published

" M Theory

In particular copious jet
" production, dominates
=z In hadron collisions

L 5
Wgamma

Zgamma
a8 g9

WW Single Higgs

&8 4t wz Top
~9 orders s -
of magnitude! Z[F by

New physics? 4
Physics process
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|dentify and measure

| know one when | see one...

But what Is a jet?
Important point: A jet is what you define to be a jet.

We're not dealing with elementary objects: (e, gamma, u, etc).
Jets are defined by algorithms, different algorithms find different jets.

A good jet algorithm:

» Gives consistent results applied to partons, hadronization particles, or
to detector-level information (tracks, energy clusters, ...)

AT,
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|dentify and measure

| know one when | see one...

But what Is a jet?
Important point: A jet is what you define to be a jet.

We're not dealing with elementary objects: (e, gamma, u, etc).
Jets are defined by algorithms, different algorithms find different jets.

A good jet algorithm:

e Gives consistent results applied to partons, hadronization particles, or
to detector-level information (tracks, energy clusters, ...)

* |s relatively stable wrt. noise,overlapping energy from soft collisions,
hadron remnants

Pty
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|dentify and measure

| know one when | see one...

But what Is a jet?
Important point: A jet is what you define to be a jet.

We're not dealing with elementary objects: (e, gamma, u, etc).
Jets are defined by algorithms, different algorithms find different jets.

A good jet algorithm:

e Gives consistent results applied to partons, hadronization particles, or
to detector-level information (tracks, energy clusters, ...)

e |s relatively stable wrt. noise,overlapping energy from soft collisions,
hadron remnants

» |s relatively straightforward to calibrate (good resolution, smallish
corrections, ...)

Pty
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|dentify and measure

A good algorithm

VoW

| O partons NLO partons parton shower hadron level

Jet | Def" Jet | Def" Jet | Def" Jet | Def"

jet 1 jet 2 jet 1 jet 2 jet 1 jet 2 jet 1 jet 2

"-:5“::-" 5“:'

Projection to jets provides “universal” view of event
G. Salam

Same performance on theoretical objects and also observables...

Bob Hirosky, UNIVERSITY of VIRGINIA PIC September 2012
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|dentify and measure

Typical clustering schemes

Can roughly think of jet algorithms in classes of

Recombination algorithms

KT — algorithm: ~successively
combine close neighbors starting
with low relative momentum 4-
vectors, up to some stopping
criteria ==> “undo showering”

Anti-KT — algorithm: ~successively
merge close neighbors starting
with high relative p_ 4-vectors.

(also finds relatively circular jets)

B N
ol
Rl

“HREEEE Bob Hirosky, UNIVERSITY of VIRGINIA

e

Cone Algorithms

R

Iterate position of fixed cones
until geometric center = PT-
weighted center of 4-vectors

Apply merge/split algorithm
for overlapping cones.

PIC September 2012
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|dentify and measure

Jet production (redux)

Final State Radiation
~_(FSR) '

Initial State Radiation
(ISR)

Remnants

Beam
Remnants

N. Varelas CTEQ Summer School 2009

2,

"

E!,“J!E Bob Hirosky, UNIVERSITY of VIRGINIA PIC September 2012 17



|dentify and measure

Jets: the classic hard scatter

LEZD CAL CAEP Q-5EP-1997 15:30 | Run 87288 Event 22409)25-DEC-19%4 02:20

“Typical” jet event

The two partons initiating these jets Notice

Low-level
“underlying event”

at D@, carried about 2/3 of the
Incoming protons' momentum!
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|dentify and measure

Jets: the classic hard scatter

These are very real objects despite

3 jet event some ambiguity in definitions

Run 132440 AS :
CaloJet Py =620 GeV i L a very busy 8 jet event
Event 4128448 i— /N

TrackJet F’T =349 GeV

CaloJet Py =525 GeV S A C
TrackJet Py =40.8 GeV A ‘ L Ab

2 EXPERIMENI

CaloJet P =87.0 GeV
TrackJetP=65.8 GeV

AT,

"
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|dentify and measure

Matching data to theory

Clustering algorithm chosen to
accurately define jets at detector
particle, parton levels

i

Jet Energy
Scale

,\ !»

EM

Observed energies corrected to
hadron-level : .
particle(hadron)-level expectations

parton-level PQCD calculations are corrected

for non-perturbative effects of
hadronization and underlying event

remnants/ULE —
additional hadronization

H C
al|o
d r
a r
o e
h cC
it
z 1
a o
t n
I s
o

n
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|dentify and measure

Matching data to theory

Clustering algorithm chosen to
accurately define jets at detector
particle, parton levels

i

Jet Energy
Scale

,\ !»

EM

hadron-level

parton-level PQCD calculations are corrected

for non-perturbative effects of
hadronization and underlying event

remnants/ULE —
additional hadronization

Theory/experiment typically

compared at particle-level

H C
al|o
d r
a r
o e
h cC
it
z 1
a o
t n
I s
o

n

PIC September 2012

(often) Compare data/MC here

" Observed energies corrected to
particle(hadron)-level expectations

21



|dentify and measure

Jet energy calibration

meas ) Multistage correction
jet - large data sets to map out detector features

- F .R.S Kbias il finely tuned MC to extrapolate measurements
’)7 - o A
- careful determination of physics and
Instrumental biases

- Y+ quark In;':tl <04

- Y+ gluon
Example: flavor dependence in jet
response.

Large effect may have unexpected
consequences if not carefully
considered (at least on average)

Bob Hirosky, UNIVERSITY of VIRGINIA




|dentify and measure

Jet energy calibration

Very challenging FupRE——
experimental issue  Reliive scle.
to determine

precise JES

Anti-&, A=0.6, EM+JES, 0.3< [n | < 0.8 Data 2010+ Mente Garlo Il jels

= Extrapolation
-+ Pile-up, NPVY=8
=.Jet flavor
«Time stabllity

)
ey
2
E
fnv]
5
4]
=
3
O
L
=2

Antl-k, R=0.5 PF
=0

Fractional JES systematic uncertainty

LHC experiments

30 40 1 0‘ 21 r_ld

making tremendous | 758 ikl
Progress, already g D@ Run || g D@ Run Il
approaching g il - £ e shovain
Tevatron I evel Of ‘g -- Response Offset 'g -- Response Offset
~1-2% é 5
=> precision : p : |
NEESSENENIS 0030 48 Gev) 0708000 Gy
possible
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Physics with Jets H }_%

dQO_Jet

dprdy Inclusive Jet Production Ei

One of the most elementary measurements at hadron colliders.
Count events with >=1jet satisfying p..y requirements

etc

Inclusive jet cross sections at Tevatron/LHC provide strong tests of PDFs and pQCD
over 8-9 orders of magnitude up to 2 TeV

D@ Run I ly|<0.4 (x32
0.4<|y|<0.8 (x

)

(x16)
Tevatron 0.8<lyl<1.2 (x

(

(

6 < —
) LHC @ 7 TeV Iyl < 0.5 (x 10%)
)
)

0.5 <|y| < 1.0 (x 10%

1.2<]y|<1.6 (x (2011 data) 1O<IYl < 15 (x 109

1.6<|y|<2.0 (x 1.5 < |y| < 2.0 (x 10"
2.0<|y|<2.4 O 20<|y|<2.5 (x

’
8
4
2

\s = 1.96 TeV
L=0.70 fb"
Reone = 0.7
— NLO pQCD
+non-perturbative corrections ] NNPDF2.1 THETTREY
CTEQ6.5M },LR = },LF = pT —— NLO ® NP

2

1
100 200 300 400 600
P, (GeV) Jet pT (TeV) 24




Physics with Jets

“ Dijet mass

With ~5/fb per experiment of 2011 data, jet physics extended to the TeV range
Dijet mass leads the way in highest energy reach, with highest masses >4 TeV
Excellent confirmation of perturbative QCD up to the very highest scales!

Systematic
uncertainties

mowo
IA 1A A IA

Iym“_l <05

05<ly__1<1.0(x10))
10<ly__1<1.5(x10?)
1.5<ly__1<2.0(x10°
20<ly__1<25(x10%

NLOJET++
(CT10, H=p_ exp(0.3 y*)) x

Non-pert. corr.

¢

I Y ) Y Y Y Y

Ce
ATLAS Preliminary

anti-k, jets, R=0.6
\s =7 TeV, jL dt=481fb"

EI I| II II II II I1]|I

2011 Data

3x10" 1

=) I\ A 103
@épgv%ﬂ%r% ij (GeV)

CMS: CMS PAS QCD-11-004
Bob Hirosky, UNIVERSITY of VIRGINIA ~ Alas: arxivilll2.6297 PIC September 2012
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Physics with Jets

“ Dijet mass

With ~5/fb per experiment of 2011 data, jet physics extended to the TeV range
Dijet mass leads the way in highest energy reach, with highest masses >4 TeV
Excellent* confirmation of perturbative QCD up to the very highest scales!

1 I | 1 1 |
Systematic
uncertainties

1 I 1
*<25 (x10%

mowo
IA 1A A IA

ly .. )<05

05<ly__1<1.0(x10))
10<ly__1<1.5(x10?)
1.5<ly__1<2.0(x10°
20<ly__1<25(x10%

el ]
el al 9l

NLOJET++
(CT10, H=p_ exp(0.3 y*)) x

Non-pert. corr.

e

J LSRR AR

+“+
¢

II I} l| T
1 S I N I B Y

-
ATLAS Preliminary
anti-k, jets, R=0.6 . - }
\s=7TeV, [Lot=481b" \\\_
?

I

— 2011 Dat B
I e NNPDF2.1). = =(p, +p

3x10" 1 ] —

=) I\ A 103
@épgv%ﬂ%r% ij (GeV)

CMS: CMS PAS QCD-11-004 *good/bad news!
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Physics with Jets | ATH /\l/\\ﬂ

. . L EXPERIMENT
First 8 TeV jet data

Inclusive jet pT and dijet mass spectra at Vs = 8 TeV (5.8 fb™) for anti-kt R=0.4 jets

Comparison with 7 TeV 2011 data (4.8 fb™) and to Pythia 6(8) MC predictions.
=> Cross sections increase at larger center of mass energy, as expected
=> even higher energy coverage at 8 TeV

—
o

- Data Vs =8 TeV, [Ldt=58 b
[ ]Pythia 8 {s =8 TeV

—Data \s=8TeV, fLdt=58 fb
[ ]Pythia 8 Vs =8 TeV

Scaled to 5.8 fb™":
~-Data (s =7 TeV, [Ldt=4.38 fb!

[JPythia 6 Vs =7 TeV

Scaledto 5.8 fo™":
~-Data (s =7TeV, [Ldt=4.8 fo!

[Pythia 6 (5 =7 TeV

dN/dp_ [1/GeV/5.8fb"

dN/dm,, [1/GeV/5.81b™

ATLAS Preliminary

ATLAS Prelimi
S Preliminary anti-k, jets, A= 0.4
anti-k, jets, R=0.4,1lyl<2.8 y*<15lyl<28

500 1000 1500 2000 2500
p, [GeV]

e
A,

[ i

allil
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Physics with Jets

Examining the proton

Pty

Bt ™
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PIC September 2012

28



Physics with Jets Tevatron

Constraints on PDFs

DZRuN Il Rye=07 §NLOPQCD p_=p_=p. o Daa |
L=0.701fb" +non-perturbative corrections _ Systematic uncertainty

inclusive jets: Tevatron Run Il
ly|<0.4

~._qq — jets

gq — jets ‘\“x,_h

nal contributions

\

Y

\

\

=
i3]
]
=

=—— CTEQ&.5M with uncertainties
-+-s MRST2004 _ .°

Breakdown of
partonic initial states

100 200 300 100 200 300 100 200 300 p_(Gev)
PRD75, 092006 (2007), PRL 101, 062001 (2008), PRD85, 052006 (2012)

DO inclusive jet measurements: data/theory

A,

T
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Physics with Jets

Tevatron

. 0.1
'I_ T U |

inclusive jets: Tevatron Run Il ]

0.2 0.4

Constraints on PDFs

& n
.% 08 [ ly|<0.4
E DORUNII Rye=07 FNLOPQCD p=p =p  § ® Daa 12 | qq — jets
1 5F -1 I . A I Systematic uncertainty J E 06 [ i
SEL=0.70fb T +non-perturbative corrections T 1 &6 L ]
L T L - - + - - 1 Q o
1 .0F LAreesevry Saiat, L i e 1 ey _:/TCU/D/‘/_ gq — JEtS
-~ F T '.;+ i :/;/_
c0.5F + } + 1 & 0°2[ :
©F |y <0.4 T04<|ly <08 F08<|y<1.2 1 = - gg — Jets
Z S T S S S S IS T S N TSI ST TOSSSSSSSSSSY, L 4 0 S
- T T 50 100
T [ 5333 NLO scale uncertainty I =— CTEQ6.5M with uncertainties / ]
© . I . 1 ’ ]
O 1.5 e -+ MRST2004 - ¥ ¢’, ] P
B = } e DO |
eSS T PR 5
0.5F : A + : ]
F 1.2<|y[<1.6 I116<y<20 120<|y|<24 ]
O_O-_u' PR 1 ! L1 _“-I\ L1 11 | 1 1 1 1 |/"2'|\ 111 | 1 1 1 11 3
50 100 200 300 50 100 200 300 50 100 200 300

p, (GeV)
PRD75, 092006 (2007), PRL 101, 062001 (2008), PRDS85, 052006 (2012)

MSTW 2008 NLO (30% C.L.)

. i ) ) 3 L4444 MRST 2004 NLO “::%P
Experimental uncertainties at high b NWormsewo G800

pT are lower than theoretical
(largely PDF ones):
=> constrain PDF models

Ratio to MSTW 2008 NLO

0.7 E

- - - j
06t Large-x gluon distribution ™\ 3
Y 0.2 03 04 05 06 0708
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Physics with Jets

Tevatron

. 0.1
'I_ T U |

inclusive jets: Tevatron Run Il ]

0.2 0.4

Constraints on PDFs

w
@ :
% 08 [ ly|<0.4
D@ Run Il Reone = 0.7 NLOpQCD p_=n_=p, ® Data . ,E s b qq — jets -
1.5 L=0.70fb" - +non-perturbative corrections Systematic uncertainty 1 5 i .
= o= - : - - - :: e o - : O ,
. OF BYLmeeeedaiaial,, T TS 22 ;}ﬁ/"/_ 9q — Jets
> . F - E_ .;+ E: :/_
o0.5F + } ¥ 18 o2f :
Q@ [ ly[<04 1 04<|y|<08 1 08<|y[<1.2 1 = [ gg — Jets
T S T S S S O SISO A ST, Ll
C T I 50 100
% [ 3335 NLO scale uncertainty I =—= CTEQ6.5M with uncertainties ¥ 7 ]
o 1.50 = F-o-- MRST2004 _ ° T ’,' ] Pr | BeV)
- easshie 1 v — e DO
105 S = 8 =000, ‘-..I".}.‘ T [ _.._‘...‘} "ﬂr;.L;>‘+ ]
0.5F : an ¥+ 2 ]
ool e Il IS S s H (largely PDF ones):
50 100 200 300 50 100 200 300 50 100 200 300 p_(gev) =AU NSIC NPl
T

PRD75, 092006 (2007), PRL 101, 062001 (2008), PRDS85, 052006 (2012)

MSTW 2008 NLO (30% C.L.)

L4444 MRST 2004 NLO
smmmesi CTEQE. NLO

DO&CDF jet data favored lower bound of the theoretical
(CTEQ6.5M PDF) predictions, with smaller gluon
content at high x.

Tevatron measurements modified gluon PDF
(especially at x>0.25) & reduces PDF uncertainties.

Ratio to MSTW 2008 NLO

MSTW 2008(+) uses CDF kT and DO cone results. 07 i
B e 0.6 E
I (].5 1 1 1 1 1 1
a““! Bob Hirosky, UNIVERSITY of VIRGINIA 0. 02 03 04 05 050708




Data/Theory

Ratio to NNPDF2.1

CMS Preliminary L =4.7 fb™" \s =7 TeV anti-k, R =0.7

AL IR B B B O AL BN
18E y 1<os E
1.6F . Data/Theory ]

- Theor. Uncertainty .
1.4 Exper. Uncertainty .
185 , =

1;‘*_._+ T T S NS, ]
0.8F —y =
0.6 =
0.4 -
0.2 ]

- | NNPDFIZ A _"Ln_(pn"'p'rg)lz ‘ ‘ | ]

g 500 1000 1500 2000 2500 3000 3500 4000
[ GeV

CMS Preliminary L = 4.7 fb™' \'s =7 TeV anti- k.r R =0.7

L L L L L L L L L L LB
18 ;_ ly, m“|<05 _;
1.6 :na':mos =

o CTi0 3
14— HERAPDF1.5 —

- MSTW2008NLO =
1.2 g

1: T SR i 'T'_ ,,,,,,,,,,,,,,,,,, -
0.8F - -
0.6 =
0.4F =
0.2F =

- NNPDF2.1 1 = =(p +p, )/2 ,

A L A L I IR BN

g 500 1000 A1 500 2000 2500 3000 3500 4000

Mij GeV

Overall good
agreement with
theory
(NLOJET++
and
POWHEG+PS)

Large
disagreement
at very high
M and y*

(y* = |yl -y2|/2)

Ratio wrt NLOJET ++ Ratio wrt NLOJET++ Ratio wrt NLOJET++ Ratio wrt NLOJET++

Ratio wrt NLOJET++

0.5

9.9 9.9 9.9,
’\o’o’o’o’o’o:o
%y ole%ateds Poe

0.0, 0‘0’0.

3x10" 2
my, [TeV]
[ 05<y*<1.0 i
2 QOO
= "o;o;o;b:o:‘:&"" 0%,
. v 3 YR
4x10°! 2
my, [TeV]
1.0<y*< 1.5 -

_[L di-481"

2011 Data
Is=7TeV
anti-k, jets, A=0.6

Data with
statistical error

Systematic
uncertainties

NLOJET++
(CT10, n=p, exp(0.3 ) x

Non-pert. corr.
POWHEG

(CT10, u:psw") @
PYTHIA6 AUET2B
POWHEG

(CT10, p:ps"”‘) ®
PYTHIA8 Perugia 2011
POWHEG

(CT10, p:pi"”‘) ®
HERWIG AUET2
POWHEG

(CT10, p:pi"”‘) ®
PYTHIA8 A2
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Physics with Jets
d2 O.jet

PDF Sensitivity dprdy

LHC experiments cover larger
phase space in jet pT and |y| than
Tevatron (probe down to x~0.5x103, - ,-
well studied earlier by DIS) but still have inclusive jet production

less sensitivity at high x.

®* compare jet cross section at fixed
X =2 p;/ sqri(s)

Tevatron (ppbar)
>100x higher cross section @ all x;
>200x higher cross section @ x,;>0.5

Tevatron sqgrt(s)=1.96 TeV

LHC (pp) : ==== | HC sgri(s)=14 TeV
* need more than 2000 fb luminosity

to improve Tevatron@10 fb! TR . e
®* more high-x gluon contributions — Tevatron Run|l / LHC

* but more steeply falling cross sect.
at highest p, (=larger uncertainties)

Bob Hirosky, UNIVERSITY of VIRGINIA



Physics with Jets

Strong coupling constant, a._
¢ least known of the couplings (Axs (WA) = 0.6%)

¢ translates into uncertainty on PDFs and hadronic cross sections
¢ has influence on GUT

Renormalization Group Equation relates a, values at different scales (Q)
Tested at LEP, HERA up to Q ~ 208 GeV, recently by D@ (54-145 GeV)

April 2012

v Tdecays (NLO)

; & DIS jets (NLO)
arkonia (NL()
-. o e'E jets S (res. NNLOY)

{ W pp == jets (NLO)

PRD86, 010001 (2012)

= QCD o (Mz)=0.1184 £ 0.0007

Bob Hirosky, UNIVERSITY of VIRGINIA 34



Physics with Jets

Strong coupling constant, a._

Running of a (Q) could be modified for large Q, e.g. by extra dimensions

=> should be tested using variable free of RGE (PDF) dependence

effects of extra spacetime dimensions
on the running of the strong coupling

lo . . :
S, n: No. of extra dimensions
[@O’ ~

‘9’4,\%&\ Above some scale |, appearance
of extra spacetime dimensions
1y =200 GeV | S can accelerate “running” of the

gauge couplings.

K. Dienes, E. Dudas, T. Ghergetta

arXiv-hep-ph/9803466 3N Jet data allows extraction of O

(and therefor tests of RGE) at
large Q values

N ) E?w._

Bob Hirosky, UNIVERSITY of VIRGINIA PIC September 2012 35



— Inclusive jet, 2-jet, 3-jet productions
— first double-diff. 3-jet measurement at high Q?
— data are well described by NLO

=> used to extract s Normalized inclusive jets:
ormalized et Cross sectio o, (M.)=0.1197+0.0008 (exp)+ 0.0014( PDF)
10';— IN?rn'!alisJEt: N-::Bn_'l_alised Normalised iOOOl 1 (had )i 00053 (thQOY')
nciusive Je Ijet Trijet Freliminary
- L . Lo o Normalized Dijets:
LI - " MOk om0 o, (M.)=0.1142+0.0010 (exp)+0.0016 ( PDF )
- e T v CTi0=0te +0.0009 ( had )+ 0.0048 (theor )
= “’ai . ) , e T Normalized Trijets:
o il L e TR 0 (M,)=0.1185%0.0018(exp)*0.0013( PDF )
= Fee o v = s doc +0.0016( had )+ 0.0042 (theor)
o} 2— " %o O 400<Q%< 700 Ge
° 3 i 0 o n=f i Simultaneous fit to cross-section measurements
o 1? - p T mesmeer (42 points):
< ] ‘ ! £ A 5000 < QF < 15000 Ge
S f L Sy e M o (M .)=0.1163+0.0011(exp )= 0.0042 (theor
€ 1g20 :
© . L f .}. y Uncertainties: £0.9% (exp), £1.2% (PDFs),
o 710 20 50 71020 50~ 710 20 50 +0.7% (hadr), £3.4% (HO), +£3.8% (total)
I

P _. P__. GeV Y L
P1 et P et Prrie  [GeV Theor. uncertainties are dominating




Jet
. s//
Y3
qy
o]
O 3
=y
P proton

remnant  Jet

Measurements of jet cross sections in photoproduction:
— test of pQCD, photon and proton SFs

— determination of Xs

« ZEUS 300 pb™'

do/dE" (ph/GeV)

10
: Q' < 1GeV’
4
10 °; 142 < ‘Wm < 293 GeV¥
k. algorithm
0%,
102, .
: N L 1
' B LU
10 :
: 15<i' w2
Z L] :
1 : Wy s
: == 15 :
: 1k
-1
10
2 A |
10 inh ezl
1x1in
Y jet energy-scale uncertainty
10

—— NLO(ZEUS-SACZRV-HO) :

20 MM 40 50 660 0O R S0

photon Jet

L\.

[ = remnant
.
q 2

TE
qy

g %0
7
——
P proton

remnant Jet

Photo production

Jets in PHP

» ZEUS 300 pb”'
CAarrT. exp.

7777 corr. exp.@th,

— QCD

- Good description of
data by NLO

(except very low/high
Et, high n)

- repeated with different
jet algorithms

=> consistent result

=> similar precision

— Xs is extracted from cross sections at
21< Eje‘< 71 GeV:

o, (M)= 01206303 (exp) o theor

S

ATV IRGINTA (oPDF: 1%, yPDF: 1-2%)




Physics with Jets

Combined PDF Fit and oxs at HERA

H1 and ZEUS HERA I+II PDF Fit . HI1 and ZEUS HERA I+I1 PDF Fit with Jets

E - ' . ) 3 .
free ag, nojets @-wev* 12 " free ag, with jets @-1Ge® |
c
o — HERAPDFI5f(prel) z u-— — HERAPDFL (prel) =
EIp. ICETt. - b I exp. umcert.
1 model uncert. m, N [ model uncert. m,

[ parameiriration uncert.

[ parametrization umcert.

e

HERAFPDEF Structure Fundtion Warking {rrou|
HERAFPDF Structure Funotion Warking Ciroup

H1 and ZEUS (prel.)

gluon uncertainty

20 - w* 0
oF - HERAPDF1.5f |} — :
15 —HERAPDF15 /1 => PDF fit of inclusive DIS data: free as leads to very
' ; large uncertainty on gluon density
10
: => including jet DIS data dramatically decreases low-x
i
z
g

=> adding jet DIS data reduces correlation of s and

o -.___‘-“_-" ) JPESTL L
f; I EECE '1].12'%0.124 0126 gluon PDF
0 (M)
OéS(Mz)

inclusive DIS inclusive DIS _ o +0.0045
data only ‘ietdata DB x (M )=0.1202+0.0019(exp+mod +hadr )", . (scale)




Physics with Jets

Introducing R,

Angular/ratio variable: average number of neighboring jets
above some p; threshold within a given AR interval

:x ‘ antiproton
antiproton

# of netghboring jets Benefits: systematic uncertainties

1IN : : : mostly cancel out in the ratio (PDF
# 1nclusive jets uncert. <3%)
Rar =0 Rar =2/3 Rar =1

Bob Hirosky, UNIVERSITY of VIRGINIA PIC September 2012
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Physics with Jets
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o
A
ul
Q
o
<
o

Analysis with R, .

DO preliminary

i $
Vs =1.96 TeV
- p™ =50 GeV

Tmin

HH

nbr

Tmin

=70 GeV

A 22<AR<26
m 1 8<AR<22
* 14<AR<138

A

p™ = 90 GeV
Tmin

50 100 200 40

50

pr (GeV)

100 200 40

50

100 200 40

Using R, and

NLO+MSTWZ2008NNLO PDFs

o (M.)=0.1191

+0.0048
—0.0071

Bob Hirosky, UNIVERSITY of VIRGINIA

o, (Q)

Used to extract o

0.2

0.1

o, (Q) from jet and event shape data

N

| B RGEfor
o, (M) = 0.1184 + 0.0007

e D@ R, preliming

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

H1 incl. jets

L

4 p - < H

10

a0 100 200
Q (GeV)

theory scale uncertainty dominates

PIC September 2012

200




A »
C A
DO Analysis a (M)
R 0.1191 i%‘%%ﬁ a,(Q) from jet and event shape data
AR | 0.2 . 00
. 2% u incl. jets
Inclusive Jets 0.1 161i%’%%1§ \‘ ¢ ALEPH evt. shapes
' I % JADE evt. shapes
A ZEUS Incl jets
- v H1 incl. jets
- o, (p,) results up to 400 GeV! o | neL. e
- 0(p;) decreases with p; as predicted ! ﬂ#m
by the RGE 0.1 - Hx*x
- - RGE for T
- In agreement with : My = 0,184 00007

ALEPH,JADE,ZEUS,H1 and world ol

10 20 a0 100 200 500
average us(MZ):O.1184iO.OOO7 Q (GeV)

[
DOD O R 0 R A D apte be 0




DO Analysis a (M)

12 [ ® DO R,
- B DY incl. jets
i 0.0041 11
Inclusive Jets 0.11617 g0 - 0 ALEPH evt. shapes
' 10 - == JADE evt. shapes
- 4 ZEUS incl. jets
— ¥ H1 incl. jets

+0.0048 o..(Q) from jet and event shape data
R 0.1191% 607, )
AR

- a(p,) results up to 400 GeV!

- 0(p;) decreases with p; as predicted
by the RGE

- In agreement with
ALEPH,JADE,ZEUS,H1 and world
average as(M )=0.1184+0.0007

|l

1/ 0 Q)

: = RGE for
4 o (M) = 0.1184 = 0.0007
Ep

a o N 00 ©
!

S
L]

10 20 50 100 200 500
Q (GeV)

[
BoDb 0 2 0 2 A P eptember 20 4




Physics with Jets

Compilation of &s results (from jet data)

Active pursuits at
Tevatron and
LHC, particularly
to push
measures of

a.(p;) to higher
values

Bob Hirosky, UNIVERSITY of VIRGINIA

I —e

(2012)

DO angular correlations
Inclusive-jet cross sectons in yp
ZEUS (DESY-11-045)

Inclusive-jet cross secdons in NC DIS
ZEUS (Phys Lett B 649 (2007) 12)

Jet production at high Q°

HI (Eur Phys J C 65 (2010) 263)

Jet production at low Ql

HI (Eur Phys J C 67 (2010) 1)
Inclusive-jet cross sections in pp

CDF (Phys Rev Lett 38 (2002) 042001)
Inclusive-jet cross sections in pp

D0 (Phys Rev D 80 (2009) 111107)
Event shapes in ¢'¢ at NNLO+NLLA
OPAL (Eur Phys JC 71 (2011) 1733)
Event shapes ine &

L3 (Phys Lett B £36 (2002} 217)
Jetratesine e

DELFPHI (Eur Phys J C 38 (2005) 413)
HERA average 2004

(C. Glasman, hep-ex/0306035)

HERA combination 2007
(Hlprelim-07-132/ZEUS-prel-07-025)
World average 2009

(5. Bethke, Eur Phys J C 64 (2009) 6589)

0.14

O(S(MZ)

PIC September 2012

Results since 2009
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Physics with Jets Hadronic final states

Event Shapes

Geometric shape of the hadronic final state sensitive to details of QCD multijet
production, but robust against experimental systematics, e.g. jet energy scale

» Test of high order pQCD corrections
» Source of precise «  (traditionally used in e+e- )

Example: Transverse thrust:

2, |p7 i - =
i Pritfy 2-parton final state
=max, ~—
T Z e T=[2/3,1]
i pT,l LO
3-parton final state (LO)
T =1-T
-+ T=[1/2,1]
: direction that N-parton final state (N..NLO)

maximizes T

Bob Hirosky, UNIVERSITY of VIRGINIA PIC September 2012 44



Physics with Jets Hadronic final states

Event Shapes . _ &1 A

CMS 2011 data

________

Pythia 6 (D6T), Pythia 8 (2C)
and Herwig++ (2.3) agree with
data, while MadGraph and
Alpgen do not

Differential measures can be j Herwig++

more sensitive to higher order Ry S ———
effects than inclusive

measures.

MadGraph+Pythiaé

These kinds of studies provide
Input for improvements in
current models of QCD multijet
production.

H H “  Bob Hirosky, UNIVERSITY of VIRGINIA

'_|' '

Phys.Lett.B699:48-67,2011 Int o



Physics with V+Jets

V+jet production

WH production Single top production H —-ZZ— 2129

CMS,L=4.61b Tat\s=7TeV

L L L L L L
2 b-tag category -
« Data
Expected background

[ ] H(400 GeV) x 2

[ ]Z+jets

(c) DG, 5.3 fo! Wa+2jet / 2b-tag
a - Data
B JW-+light

n W+bb | mwmJ

Events / 25 GeV
Events / (20 GeV)

115 GeV

200 300 Qu G : B ST AP S R ST
Dijet Mass (GeV) 400 500 600 700 800
Mz [GeV]

Background to top-quark, Higgs, SUSY and other NP productions

Provide detailed measurements of p, system mass, and angular distributions
of vector boson and jets
- test of fixed order perturbative QCD (MCFM, Blackhat, Rocket, HEJ,..),

LO ME+PS predictions in MC event generators (Alpgen,Sherpa,Madgraph,..)
_ - testing and tuning of phenomenological models

= = All experiments are heavily involved in such tests
E Bob Hirosky, UNIVERSITY of VIRGINIA

PIC September 2012



Physics with V+Jets

Dominant background to tthar production, Higgs boson, many non-SM processes
=> extensively studied in all Tevatron and LHC experiments:
jet p,, H_, #jets, jet angular, masses, 3" jet emission prob, etc.

Good agreement with NLO (Blackhat+Sherpa, HEJ) for most of phase space
(Blackhat: some tension for W+2jet in ij and high H_)

S — 10° B T — W-ev +>n jets CDF Run Il Preliminary
o 107°F —e— DQﬁ data PHELIMINARY 3 8fb W(—> ev)+|e1s+>% % Wooly + jets A :
-1 r - =2
52 EI:I EESJ) Blackhat+Sherpa -4 Sherpa Q 10% '[Ldt=36 pb & Data 2010,\'s=7 TeV - CDF Data, L 2bel
:_'; Zs . '8_ 105 iy ¥ ALPGEN 3._‘_| Systematic uncertainty
£ — 7 /\ SHERPA 10°: =~ Alpgen + Pythia MC
ke] DO, M. T 1 @'@* ’efs BLACKHAT-SHERPA g peen + P
(& ] ATLAS C Corrected to hadron level
-U'g % 10 M =2 fots, X,O"!"._g_. I ) <2.0; p > 20 GeVie
L © - -—g—- X —X“._g_. — 1025— — ] < 1.1; py> 20 GeVie
10 'é‘ W + >3 jets, x1(')_g— ® '—g—l_g_‘ 'g_ My > 40 GeVic®
10° g0 S0 =%= =0
-4 .-Q-' '_g_"_@_‘—g—' 'g 10 —
10 W + 24 jets, x10 ' X_' *-6
10°F & @Rt > . o °
”@" I ——
10° anti-k; jets, R=0.4 1
jet jet F
- - - 30 GeV, 4.4 i
Reone=0.5, p'>20 GeV, y™|<3.2 107= | Pr> eV.Iy-l< , 3 -
© ——— 1 7 8 —t—
ey p‘3>15 GeV \rﬂd A, m }40 GeV E’ :20 Eiilel"u"I 5 g, 15w 4 >1 jet — 10_1:_
] e T T =
™ = W +22j ts )( = 7 L | | | | |
a 158 > o) =3 1¥—X—++ ,L Y + + Y o 1 2 3 4
= E D - 2A £ ] . .
3 s [ TASTIANATA 45: CDF, #jets znjets
® - A | !
= 0.5 ]
— © t f -
. © 3_ W +>2 jets ]
I = ]
Qo < 2_— A 7
E s | :
o i - 1_ — _X_ S A 4 + .
2 = - X Z X X A =R A
|_ C 1 1 1 .
50 100 150 200 250 300 350 o 5%
ATLAS, H H [GeV] GRISNTEnWIW

Dijet mass (GeV)



Physics with V+Jets . /*;/
W+jets: jet emission ’

AERES Examine probability of third jet emission
D@ data PRELIMINARY, 3.8 fb . . . . .
~ (most rapdiy separated jts) | ininclusive W+dijet events, as a function

-~ (leading P, jets) = . 0 no q
—- (leading p. jets, rapidity gap emission) | of dijet rapidity separation(s).
(@ NLO Blackhat+Sherpa
~#7] HEJ

-4 - Sherpa

<}

1) Ay (leading jets)
2) Ay (leading jets w/ emission in rapidity

gap)
3) Ay, (most forward/backward jets)

c
=
)]
2
=
o
-—
=
©
o
=
—
——
o
=
._6
©
o]
o
o

=0.5, p*'>20 GeV, Iy*'I<3.2

;:7>156ev,|n9|<111.m;”>406ev,pT>2UGev Notable differences in jet emission into
the rapidity gap for p; and rapidity
ordered jets

First results of their kind for V+jet precesses => unique inputs for event generator
models (also >40 other distributions under study!)

Data can be reinterpreted as a measure of the gap fraction (with a jet veto scale of 20
GeV), relevant for processes like Vector Boson Fusion




Physics with V+Jets

Detailed studies on Z(ll)+jet production coming out vs jet pr, Njes, Hr, etc

> comparisons with state-of-the-art theory calculations

> good agreement with NLO pQCD (BlackHat and MCFM)

> LO ME+PS (Alpgen), NLO+PS (Powheg) properly model data with large scale uncertainty
» Good modeling with approximate nNLO LOOPSIM with reduced scale uncertainty

-
%' T ATLAS Ziy*(— e'e) +jets R
g I~ B 24+ Data 2010 (s =7 TeV) T CDF Run Il Preliminary CDF Ip.l. H
:’_ 10" :_det=36 pb —=— ALPGEN + HERWIG — = 3 > 3— - T
= . - — £
..'05 E Zh*+=1jet, —— Sherpa B § 10 E —e— CDF Data L= 9.64fb” 8 [ — NLO MCFM
3 B anti-k, jets, R = 0.4, —— PYTHIA (normalized to data) 7 8 E |:| Systematic uncertainties I-E | — LOMCFM
2 —*— BlackHat - :
g2 | Py>30GeV, IyTi<44 _ = L ™ —o— ANLO LOOPSIM+MGFM =
. = = o 10 = e -
5 - . E &=, E —— MSTW2008NNLO PDF <
& ™.  ATLAS,jetpT B 2 . 5
= QO - - —— Corrected to hadron level
B 7 I - ; .
_ == S s ny =3P =2 Ph P+ Py
10° ——— = v 10 Le. 0 27T2W
B 3 -] 8 B
- —— ] C N —— ALPGEN+PYTHIA
- N B B Matched o, Tune Perugia 2011
% —— s
10* | T ke 1 1.5
o 16£‘li“1%}41:}:!!}%%4}4%:}!7’7??; C Zi(o Ty + 21 jet
= = 7> Data 2010/ BlackHat ] » I=e,u; In < 1.0; pl, > 25 GeVie? —_—
= = theoretical uncertainties g 107 5 30 GeV/e. Y| < 2.1
© 11 [l kit pa 4 s e = pr = eV/c, [YT|<2. I
‘a‘ I~ v A 7 C I L L L
o 08 —] = [ B
6:_:}‘::}:::}.::}:::}::.}:::}::: 72} | —— ANLO LOOPSIM+MCEM |l —— POWHEG+PYTHIA
% 1.8 =< Data 2010/ALPGEN = 3 F _ NLO MCFM 1.5/ Tune Perugia 2011
= 14f . ] & 150 . . )
3 1.% — o . A// S Pl H=2n =2 L
N e ceececeaganeris ; %% oz = ;
[ +—+—+ —— ——+ +—+—+ +——+ +——+ —— e g o
Q 1.6 & Data2010/Sherpa 3 o 1 TS A i +
:G 1:; Z \ - \\ N & “ S C Il 1 Il Il Il 1 1 | 1 Il 1 1 L 1 1 1 1 1 L L ‘ 1 1 1
© 1 .éﬁ%‘éé% = — -~ R 30 40 50 100 200 _3‘00 30 40 50 100 200 .3t00
I~ =2 (=
S o8, — HY' [GeVic] HY' [GeV/c]

I I IS ST (N T T NN TN T N S
80 100 120 140 160
P [GeV]
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* Tests of pQCD

* Very important background to SUSY and Higgs boson searches
» Measured total exclusive W+b cross sections,

W+Db

up to two jets in the final state with jet pT>20 (25) GeV
and |y|<2.0 (2.1) at CDF (Atlas)

CDF

-]
=]
I|I

=]
o
I‘\IIIIIII\II

(]
(=]
|\II

Jets!(_lq 1 G‘-DeWc
T

30
20

10F

1.5 2 2.5

PRL 104, 131801(2010)

4 Data

bottom contribution

charm contribution

= LF contribution

------- Summed contribution
b= 71.3+ 4.7(stat) + 6.4(syst) %
c= 159+ 5.5(stat) %

LF = 12.6 + 3.5(stat) %

KS Prob = 84.8 %

4

.5 5
Vic?)

3 3.5 4

M (Ge

vert

o(W+b-jets) - BR(W = Iv) [pb]:
Data: 2.74+0.27(stat)£0.42(syst)

NLO : 1.20£0.14

Data/NLO
Difference:

W+1b:

ag reement et

R )
.‘"_." \

":':_-:':'\//
0 \ I.I

H

~90% (50%)@ TeV(LHC)

ATLAS

PLB 707, 418(2012)

N
o

T
- A Electron Chan.

~ [ Electron and Muon Chan.
- V¥ Muon Chan.

| — NLO5FNS

[ ----- ALPGEN + JIMMY

N (b-jet from ME and PS)

L -~ ALPGEN + JIMMY

(b-jet only from ME)

- PYTHIA

Shl s

—
[6)]

oc(W— v + > 1 b-jet) [pb]
I 8 !

Data 2010,\Ns=7 TeV

| ATLAS -

A4

JLc_i_t =35pb" ]

>

10.2+1.9(stat)+1.6(syst) V/

4.8" *(scale) o) (PDF)';

about factor 2

~30

~1.50

—0.2

(m,)*0.3(np.corr)

=> Should be cross-checked in at at least one more measurement, preferably inclusive

and differential



® Z+bb important background

for single top, ZH, new
phenomena

> measure ratio with respect
to inclusive Z and Z+jet

® Studies of Z+b and Z+bb find
good agreement with NLO
predictions (20-25% uncert.)
In all experiments

3

T Illl[[[l

3

T T IITIITI

1o, edo,,, /dp, [GeVic]'

S

T Ill]fll[

107

CDF Run Il Preliminary

;

+

ZIy (= I 1)+2 1 b-jet

—+— CDF Data-9.13 fb”'

Systematic uncertainties

—— NLO MCFM Q?=MZ+p?

MSTW 2008 NLO PDF
Corrected to hadron Ievel

20

30 40 50 60 70 80 100

P [GeVic]

Z+b

Good modeling of secondary vertex mass

CDF Run ll prellmlnary > 70 [LTTT I TTTT | TTTT ‘ TTTT | TTTT ‘ TTT1T I TTTT | TT 1T ‘ TTTT I TTT11]
i) - 8 § CMS Preliminary i
® - Zob-jots - Data 013 " © 60 - Ns=7TeV,L=211b" -
(Ig 250 ._ Positive tagged jets O “gha‘ letr: ction t-\! N ]
- - " > 20 Gevic . c jots e Dilepton sample .
,ﬂg' o ¥*<1.5 - btl;t;bk 2 50— -
g 200 :— : O g. § . +Data .
x w b 1 jets -
150 40f | _ .
- Total Jets: 1941 r [lcjets ]
100 :_ f,: 047+ 0.04 30F b jets {
E f.: 0.15+ 0.06 20 f
50— r
- 10}
0 25 3 35 4 45 - .
Moocys [Gevic] %*05 1 15 2 25 3 35 4 45 5
) Secondary vertex mass of sub-leading jet (GeV)
CDF Run Il Preliminary
}' u.ﬂna_ zlll\,' |+ | 1 b . t > [T T 17T TTTT T 1T 1T | T T TT I LB | L I T TTT |_
Ei v (=1 I}+=1bdje 8 80 CMS Preliminary E
Z S _ [ Vs=7TeV,L=211b" ]
N S 70 =
- — ——— Data ]
. c I z+ e
N 2 60 e .
= 0.002- w - W 2 ]
= L I ]
50 | - yrd .
| [ ]
40 : JES + B-Tag UncartainliasE
30f; =
0.001 .
y 20 -
—+— CDF Data - 9.13 b N
Systematic uncertainties ]
—— NLO MCFM Q°=MZ+p? 10 E
MSTW 2008 MLO PDF 5 ]
Corrected to hadron level | 00 50 100 150 200 250 300 350
0

|
0 02 04 06 08 1

] ]
12 14 16
1y

PP (GeV)



Data/NLO

Data/PYTHIA

Data/NLO

Data/PYTHIA

O = N W & O O mw M W oo
| Gt 5 DR B IR ] TTTTT

CDF Run Il Preliminary

Photon+HF jets

® Photon+heavy flavor jet measurements

ES4 +bX

Frenes Scale uncertainty

- ‘
50 100 150 200 250 300
E; (GeV)
‘ —— y+c+X ‘
- emeee Scale uncertainty |
e BHPS 3
L Sealike o -
Modified PYTHIA/PYTHIA
—F s
.._.;_i—"_;_:_+_' !
I
50 100 150 200 250 300
ET (GeV)

® photon+b/c in CDF, photon+b in DO

® in agreement with NLO predictions only up to pr ~ 70 GeV
» DO and CDF agree at pr > 70 GeV
» good description of data requires higher order corrections

present
Phys. Lett. B 714, 32 (2012)
© 3 pg -7
< - D@, L=8.71b
Z 3 - ly'l<to
2 - 1y1<1.5, p*'>15 GeV
=4 -
T 25 T
o : # J .
2 Jr e L4 T
B 1 ® $ % i
1.5 | . 1 ! A
- db® &
1 = E\—i\—T:_ = T T Tt b 1o ovsvenevsssressssserassrsssmnsond
B [ ] k""'wf__‘_o_
- cl> gD O TR re s
0.5
; ® Data/NLO --- Scale uncertainty
0 o SHERPA /NLO PDF uncertainty
B © PYTHIA /NLO MSTW/CTEQ
0.5 (a) & k; fact/NLO — ABKM/CTEQ
’ _I 1 1 | I 1 1 1 1 | 1 | | | | 1 | 1 1 | l l 1 1 | 1 1 1 l
0 50 100 150 200 250 300
P; (GeV)

Tevatron: gg—yg(g— bb) dominates at pT>80 GeV

LHC: bg— by

=> similar measurement at LHC is needed

dominates at most pT



Many areas of complimentary

Pty
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Many areas of complimentary

REO SPEEDWAGON

You can Tune a piano, but you can’t Tuna fish.

s, ™

!L“!! Bob Hirosky, UNIVERSITY of VIRGINIA PIC September 2012



Physics with Jets (talk by E. Dobson)

Double parton mteractloxps/

Study of events with double parton scattering q o /J
at high p, regime using jet final states R

=

=1
XF

>
=> Each parton process is hard/pert. calculable _
- - : Opp = GAGB/ Ot
Complementary information about proton structure:
» Spatial distribution of partons, impact on PDFs
* Needed for understanding multijet signal events and correct
background estimates for

rare processes . AFS (4 jets - no errors given)

UAZ2 (4 jets - lower limit)
CDF (4 jets)

CDF (y + 3 jets)

DO (y + 3 jets)

ATLAS (W + 2 jets)

More measurements are needed

to check E and flavor dependence

of o

0. world results

s o e
i B

Bob Hirosky, UNIVERSITY of VIRGINIA



Physics with Jets

Jets In hard diffraction

b \P%L . Significant fraction of the total inelastic
U pp cross section at high energies is
EEEs 5600 jet J attributed to diffractive processes
O—
momentum, b bpmrmi - _
& S “ "apidity gap characterized by the presence of a
: T large rapidity region Ay with no

intact p/low mass state  hadrons, usually called “rapidity gap”

CMS, (5=7TeV, L=27nb" ppjetqjets, 'l <44 p'"* =20 Gev
1

® DATA * DATA
—— PYTHIAS Z2 ND + POMPYT (x0.23) SO —— PYTHIAS D6T MO + POMPYT (x0.17] S0

= = PYTHIAG Z2 ND == PYTHIAG DETHND
+oo POMPYT (®0.23) 5D voo= POMPYT (x017) D

L J
()




Physics with Jets

Jets In hard diffraction

b \P%L . Significant fraction of the total inelastic
U pp cross section at high energies is
EEEs 5600 jet J attributed to diffractive processes
O—
momentum, b bpmrmi - _
& S “ "apidity gap characterized by the presence of a
: T large rapidity region Ay with no

intact p/low mass state  hadrons, usually called “rapidity gap”

CMS, (5=7TeV, L=27nb" ppjetqjets, 'l <44 p'"* =20 Gev
1

® DATA * DATA
—— PYTHIAS Z2 ND + POMPYT (x0.23) SO —— PYTHIAS D6T MO + POMPYT (x0.17] S0
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n?

Qualitative model agreement
Absolute XS differences gives estimate of
non-perturbative gave “survival probability” 1o’




Summary

» Good consistency/complementarity for most of experimental data
* Precise handles on experimental uncertainties <= theoretical uncertainties

» Jet results yield precision measurement of fundamental observables
» sensitivity to PDF sets, strongest constraint on gluon PDF
» extraction of xs and test of its running up to 400 GeV
* important contributions to limits on many NP models

» \W/Z/y+jets results => extensive tests of pQCD and MC models; in many cases,
a triumph of NLO and ME-PS MC predictions. Wealth of tuning data!

* Improving phenomenological models with double parton and diffractive events
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Summary

» Good consistency/complementarity for most of experimental data
* Precise handles on experimental uncertainties <= theoretical uncertainties

» Jet results yield precision measurement of fundamental observables
» sensitivity to PDF sets, strongest constraint on gluon PDF
» extraction of xs and test of its running up to 400 GeV
* important contributions to limits on many NP models

» \W/Z/y+jets results => extensive tests of pQCD and MC models; in many cases,
a triumph of NLO and ME-PS MC predictions. Wealth of tuning data!
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Additional slides
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Inclusive b-jets

® B-jet cross section 2-4% of inclusive jets e

® |nclusive b-jet cross sections at ATLAS

and CMS agree with Powheg _f \ Bt
> data bit higher than MC@NLO Soft Lepton tag ey e 5, |
predictions (20% Branching ratio) G \ '/ Impact parameter
Secondary vertex tag '

Muon triggered . .od on large B lifetime

> gluon-splitting large contribution at LHC

at low pt Jet triggered
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Bump hunts

LHC 7 TeV data
So far no new resonances observed up to several TeV
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W+Jets

W+(n)jets differential cross-sections measured as a
function of P_%, y(n" jet), M _._, Ay(j,j) for inclusive one to

four jet events

dijet’

» All distributions unfolded to particle-level for comparison to
theoretical predictions using Singular Value Decomposition
technique (Guru)

» Proper handling of bin migrations

» Reduced Monte Carlo dependence

Comparisons made to three theory predictions:
» Sherpa (MEPS event generator)
* NLO Blackhat+Sherpa
» High Energy Jets (HEJ — all-order resummation)

Comprehensive program of study involving 40 variables in full

"
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PW

[0 NLO Blackhat+Sherpa -4 - Sherpa
% HEJ

» All approaches show good agreement on this
basic observable

* Some breakdown where non-perturbative
corrections to P become large

0.5, 520 Gol, 1132 » Uncertainties on data smaller or equal in

p$>1 5 GeV, Infl<i1.1, mTW>40 GeV, pT>20 GeV . 5 - 5 5
R e Mmagnitude to uncertainties on theory predictions

W boson P, (GeV)

W(— ev)+z1jet+X W(— ev)+=3jets+X
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Theory/Data Theory/Data

100 150 200 250 300
W boson P, (GeV)

100 150 200 250 300
W boson P, (GeV)
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e V1S rapidities

NLO Blackhat+Sherpa = HEJ
-4 Sherpa

measured as a function of n" jet rapidity In
Inclusive n-jet events (for n=1—4)

Good agreement between data and theory at
central rapidities, with small uncertainties

el Theory predictions tend to overestimate cross-
section in forward region: dominated by low p; jets

W(— ev)+=3jets+.

Many analyses are sensitive to discrepancies in jet
rapidity modelling

of VIRGINIA PIC September 2012 65
Jet rapidity



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65

