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Jets at the LHC

e Jets serve as proxy to final state partons
o ATLAS uses a calorimeter with fine longitudinal segmentation, building
jets from calorimeter clusters
o CMS uses , building jets out of particles composed of
information from several subdetectors
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Jets generally unfolded back
to particle level
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calorimeter level jet
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Jets at the LHC

e Most measurements use the anti-i clustering algorithm

o Infrared safe, idealized cone algorithm
o Radius parameter R determines size of jet
m 04 =R <=0.7usedin most analyses
m X = 1.0 used for jet substructure, boosted objects
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Jet performance

Fractional JES systematic uncertainty

Jet energy calibration for 2010 derived using Monte Carlo simulation
o Checked using data driven (jet-jet, photon-jet, etc...) techniques
Uncertainty on jet energy calibration often dominates measurements

o Increases as rapidity

increases

2011 uncertainty will show large decrease (expected soon)
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Inclusive jet p. cross section
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Measure inclusive jet p. spectra in bins of |y/|
2010 measured jets with 20 < p_ < 7500 GeV and |y| < 4.4

T I I I L | I I T I LI J —
 antik, jets, R=0.6 ® Iy<03(10%)
— . O 03<ly|<0.8(x10°)
= 1 =
__I L dt=37 pb™, \'s=7 TeV B 08<|y<12(x10°) —
f_“““" o O 1.2s|y|<2.1(><1003) 5
il —— A 214<|y|<28(x10%
= —e— 4
e —e— A 28<|y|<36(x10°) -
al — - ¢ —o— o Y 36<ll<ddx 10%)
- —0— .- —
- —.— —O— -o- —]
il —m— —o- -e- _
— — —e—_e_ —— =
e —i— —O)- —]
— —— —n— -0- - _
[ —g- —- -o- o=
il —B- --- —e- 3
—_$ _B_—E— —.—_.- -e'-e. =
F T -=- - ~e-
— —h— =s -8 _
- == —h— —O— == ]
= —1—] —h— =" E S —
— A= —hA— -H- =M= —
== —A— = == —
[ =v= —h - == | —
— == =A— =h= —
il Systemgﬁc —y= == =E] 3
| uncertainties == _
= NLOJET++ E ——
== (CT10, p:p:‘a") X —
[ Non-pert. corr. A TLAS —
[ ! Lol 1 ] Lol ]
2 2 3

20 30 10° 2x10 10

p; [GeV]

Page 5 [ arXiv:1112.6297v2 ]



http://arxiv.org/abs/1112.6297

Inclusive jet p. cross section
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Generally good agreement seen
Looking at |y| = 2.7 see tension between data, theory
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Inclusive jet p. cross section

e 2011 increased luminosity, measured out to

Ratio with NLOJET++ theory calculation shown below
Good agreement seen across large kinematic range
Theory uncertainty dominated by PDF at large

CMS Preliminary L = 4.7 fb' \s =7 TeV anti-k; R =0.7 CMS Preliminary L = 4.7 fb' \s =7 TeV anti-k; R =0.7
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Dijet mass cross section
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Central + forward dijet systems

Probe QCD for incoming partons with different momentum fraction x, < x,

Require one

(3.2<|n| <4.7)

Use highest p_ jet in each region for dijet system

Ratio of jet p_ spectra, PYTHIA / data
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jet (|n| < 2.8), one forward jet

n=3.0
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Central + forward dijet systems

e HERWIG describes this observable better
o Uses an angular ordering for parton showering
o POWHEG+HERWIG shows normalization difference similar to
POWHEG+PYTHIA
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Inclusive / exclusive dijet samples

Rincl
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Sensitive to resummation of large /og(1/x) terms (BFKL evolution)
R = inclusive (/N = 2 jets, all combinations) / exclusive (/N = 2 jets)
RMN = most forward backward pair (/N = 2 jets) / exclusive (/N = 2 jets)
PYTHIA gives best description of data

CMS, pp, /s =7 TeV CMS, pp, /s =7 TeV

_I T T 1T | TTT7T l TTTT l TTTT I TTT1T l TTTT l TTT7T l TTTT l TTTT l_ é 5 _I T T 1T I TTT7T I TTTT ! T T T1T I TTTT I TTTT l TTTT l TTTT | TTTT {_
- [ ™ ] 2010data . ] - [ ® ] 2010 data . ]
— PYTHIAG Z2 dijets — as 4.5+ PYTHIAG Z2 dijets -
- p.>35GeV I F p.>35GeV 1
R PYTHIAS 4C T . IR PYTHIAS 4C T .
- HERWIG ly| < 4.7 ] Al ly| < 4.7 ]
e ++ UE-7000-EE-3 ] L e HERWIG++ UE-7000-EE-3 ]
T =vmmn=n HEJ + ARIADNE ] 35 Comiimiemimn HEJ + ARIADNE ]
HEEEEEEY CASCADE 7 TRy CASCADE ]
= TRy - 3F =
e — 25~ T e -
_I 111 | | | | 111 | || | | | | 111 | | | L1 11 | 11 IF 1 7| 111 | | | | | I | | || | | | | | | | || | | | | | I | ‘«
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Ay| Ay|

[ arXiv:1112.6426v1 ]

Page 11


http://arxiv.org/abs/1112.6426

3 jet/ 2 jet ratio
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Probe of next-to-leading order effects
Ratio of events with V = 3jets / N = 2 jets
Measured vs. . =2 jet p_.

e Good agreement above /.. = 500 GeV
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b-jet production

O

Production of jets from b-hadrons
Important background for new physics searches

e Dijet mass m, shows agreement with NLO theory

e /¢ dominated by back to back systems
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D*= production in jets

Production of D" mesons in jets tests MC hadronization description
o Important for understanding backgrounds for new physics
Plotted vs. 7 = (D" momentum along jet axis) / (jet energy)

R(p_,z)/Az

Data/Theory

Best agreement seen at large D"~ momentum fraction z
Theory shows large discrepancy with data at low jet p..
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Jet substructure

e Useful for identifying hadronic decays of boosted heavy particles
o Important to check parton-shower modelling in Monte Carlo
e Splitting / filtering with Cambridge-Aachen jets
o Undo clustering of jet until large mass drop observed
e Robust against the effects of muliple proton-proton interactions

Initial jet Rgy = min[0.3, —52] Filtered jet

Page 15 [ arXiv:1203.4606v1 ]
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Jet substructure

e Useful for identifying hadronic decays of boosted heavy particles
o Important to check parton-shower modelling in Monte Carlo
e Splitting / filtering with Cambridge-Aachen jets
o Undo clustering of jet until large mass drop observed
e Robust against the effects of muliple proton-proton interactions
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Jet substructure

° splitting scale Vd : kinematic threshold for breaking jets into subjets

e /\/-subjettiness: "How much does this jet look like /\ different subjets?"
e Monte Carlo prediction describes data well

> = = o| & F L BN P B I LA
v—|8 0'095 ATLAS —m 2010 Data,J. L= 2pb”" “O|% - —a— 2010 Data, I L=2pb’ ATLAS -
I_'N 0.08F anti'kt R=1.0 Statistical unc. = e 25 — Statistical Unc. ]
k] F 200 < p. <300 GeV, Total unc. ] C Total Unc N
° £ N , E - : ]
=1 0'075 Ney = 1,1yl <2 —— Pythia 3 2k Pythia =
e 0.06 ? ----- Herwig++ i E ------ Herwig++ E
0.05 - 1.5 -
0.04 = - ]
] 1— ]
0.03 = - 1
0.02 = 0.5 anti-k, R=1.0 jets -
0.01E = E 200 < p, <300 GeV =

F . ok Ny =1,1yl<2

0 Covn o by g Ly C I BT |
c 1.8 3 w 1.8 ' T 3
T 16 : T 16E 3
Q 14 E Q 14 P
S 12k : S1eE s E
- = —— - — E
= p8E E Y m— -
0.6E E 0.6F |- -
0.4F = 0.4 3
O. L f ! L ! L L ! ! = O B L L I L 3
10 20 30 40 50 60 70 80 90 100 v 02z 04 06 08 1 12

\ d,, [GeV] N-subjettiness 1,,,

Vdia = min(prj1, prij2) X SRy jo, Page 17 [ arXiv:1203.4606v1 ]


http://arxiv.org/abs/1203.4606

Summary

e Theory predictions describe data well over large kinematic region
e Discrepancies seen for:
o High p., , and large

o Radiation (NLO, NNLO effects)
o Heavy flavor fragmentation functions
e Many ongoing analyses probing these effects
o 2010/2011 used to tune theory in previously unexplored regime
o 2012 will bring exciting new results
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Inclusive jet cross section
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Rapidity gap measurement

Gap fraction: events with no jet activity
above with p. > Q) inside dijet Ay

POWHEG + PYTHIA describes data
best
Low (), shows larger disagreement (poor

modelling of soft gluon emission)
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D** production in jets

Production of D"~ mesons inside jets
(and charge conugate)
Test of fragmentation function description in generators
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Splitting and filtering procedure

Each stage in the clustering combines two objects j1 and j2 to make another object j.
: 2 2
Use definitions v = mm(pfié’pr’z)éRgl,jQ and 0R;; jo = \/(5;1/]21’]-2 + (5q§§1’j2, where oy and ¢

i
are the differences in rapidities and azimuthal angles respectively. The procedure takes a

jet to be the object 7 and applies the following:

1. Undo the last clustering step of j to get j1 and j2. These are ordered such that their
mass has the property mj; > mjo. If j cannot be unclustered (i.e. it is a single
particle) or 6Rj1 j2 < 0.3 then it is not a suitable candidate, so discard this jet.

2. If the splitting has m;i1/m; < p (large change in jet mass) and v > vey (fairly
symmetric) then continue, otherwise redefine j as j; and go back to step 1. Both u
and v are parameters of the algorithm.

3. Recluster the constituents of the jet with the Cambridge-Aachen algorithm with an
R-parameter of Ryy; = min(0.3,0R;1 j2/2) finding n new subjets sq, s5. .. s, ordered
in descending pr.

4. Redefine the jet as the sum of subjet four-momenta Zfﬁ?(ng) S

The algorithm parameters p and vy are taken as 0.67 and 0.09 respectively [19].

Page 25 [ arXiv:1203.4606v1 ]



http://arxiv.org/abs/1203.4606

Jet substructure

splitting scales: prior to final clustering of /., and /. of the jet:
\/ d12 = IIliIl(ijl,;[)TjQ) X 5R]'1,J'2,

N-subjettiness: Sum over all constituents k of the jet:

1
T™N = — ZPTJ" X min(0 Ry p, 0R2 jy. .., 0 RN k)
d() B ' ' ' '
do = » priR, _
; T21 = T2/ T1

"How much does this jet look like /V different subjets?"
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Jet substructure

e Splitting / filtering with Cambridge-Aachen jets
o Undo clustering of jet until large mass drop observed
e Robust against the effects of muliple proton-proton interactions
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