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Jets at collider experiments

CMS Experiment at the LHC, CERN

g Data recorded: 2016-Sep-27 14:30:59.465920 GM
’/“_- Run / Event / LS: 281707 / 1308250303 / 826

* Collimated sprays of particles
* Most direct access to high-

energy quarks and gluons

\ Particle Jet Energy depositions
P In calorimeters
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EIC jet physics

* Relevant for hadron structure, cold nuclear matter effects, etc.
* Clean EIC environment

* Jet substructure & correlations

* Versatile jet reconstruction algorithms & frame dependence
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Nature of jets at the EIC
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Laboratory Scattered electron
frame
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Scattered electron

Laboratory
frame

Single jet

» Cf. proton-proton: jets vs. Z+jet
* Different quark/gluon fractions

Scattered electron =
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Jet algoritms

Rapidity/azimuth and

kT type algorithms
transverse momentum

d;j = min (2?52;3;729521%) (An+A¢*)? /R, dip = pTQFZZ‘

Spherically symmetric Angles and energies

see also Paul Caucal’s talk

dZJ — min (E,?p, E?p> Q?J/RQ, diB — EZQP

_|_

e' e or Breit frame

ep or pp in the lab frame - clusters the beam
remnants into a jet

F. Ringer Cold Nuclear Matter Effects: from the LHC to the EIC January 16,2025



Jets - Frame & algorithm dependence

. . dO-
T kel

Q* small or large

see also asymmetric algorithm Makris et al.
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Jets - Frame & algorithm dependence

do

Q* small or large

see also asymmetric algorithm Makris et al.
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Jets - Frame & algorithm dependence

° ° dO-
Lab frame Longitudinal alg. dppdn
Lab frame Longitudinal alg.
do
dxr pdQ*dprdn
Longitudinal alg.
Breit frame
Spheri do
pherical alg.
drpd@?dz

Q* small or large

see also asymmetric Centauro algorithm Makris et al.
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Algorithm dependence

Breit frame Spherically invariant algorithm (£;,6;,)

dO‘SI
~ ® Hap @ Jp
drpd@?dz %; Ja ® Ha
"\ *Collinear jet function,
resummation of In R
-
¢ bt o " * Particularly useful for jet substructure
. oSUILIL ﬂ‘ S 1dl I\
Jroton o — * Quark-jets dominate
PH
-
* A few percent of gluon jets at NLO
Fixed order calculations de Fiorian, Borsa; >ee Arratia, Makris, Neill, FR, Sato 20
Gehrmann et al. Caucal, lancu, Mueller,Yuan "24
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Algorithm dependence

Breit frame Spherically invariant algorithm (£;,6;,)

dO‘SI
dzpdQ?4dz

NZfa®Hab®Jb
ab

Longitudinally invariant algorithm (pr;, An 4+ A¢)

dO.LI _
~ o Q@ Hap Q@ J
dz pdQ*dprdn %;f o b'&

* Expect significant fraction of gluon jets

Fixed order calculations de Florian, Borsa:
Gehrmann et al.
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Algorithm dependence

Spherically invariant algorithm (£;,6;,) .
g + z PH ©

struck quark q"
dOSI ) E
~ E fa @ Hyp @ Jy o »
a a
drpdQ*dz 4 proton Qg —.>

Longitudinally invariant algorithm (pr;, An 4+ A¢)

dOLI
dzpd@Q?dprdy

| | it
Leading order K VS. E
q q R

““j{jfﬁ§9f1w6®ch
ab
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Algorithm dependence

Breit frame Spherically invariant algorithm (£;,6;,)

d O_ SI Stru ‘ ‘ uark

N 9 H,®
dz pd02dz %;f < Hab © b

Longitudinally invariant algorithm (pr;, An 4+ A¢)

dO.LI
dzpd@Q?dprdy -

Zfa@)ﬁab@Jb
ab

* Different than in proton-proton both are on equal footing!

* Systematically study quark/gluon differences NieMiera, Lee, FR, Sato, Whitehill
- in preparation
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Jet substructure

Spherically invariant algorithm (£;,6;,)

do>!
~ a & Ha 029 J
dzpdQ2dzdr 2; o & Hav & Jo(7)

Longitudinally invariant algorithm (pr;, An 4+ A¢)

dO‘LI \

dr pdQ?dprdndr -~ zb: fa @ Hap @ Jp(7)

* Different than in proton-proton both are on equal footing!

* Systematically study quark/gluon differences NieMiera, Lee, FR, Sato, Whitehill
- in preparation
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* Spherically invariant jets (E;,0;;) in the Breit frame

* Appears to cleanly separate the current and
target fragmentation regions

Arratia, Makris, Neill, FR, Sato " 18

F. Ringer
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Breit frame jets - |

q" + z P*

I
struck quark q
< D Smm—

>
proton o —_—
PH

Zjet (ﬁjet < ]-)

Can be measured at HERA?
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" Inclusive jets Breit frame
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Breit frame jets - I

* Longitudinally invariant jet algorithm e
€
dO.LI N
dzpdQ2dprdn Z Ja @ Hap ® Jp
ab K q g 357570

Hard functions known at NLO

Daleo, de Florian, Sassot "05
Wang, Gonzalez, Rogers, Sato "1 9

Use Mellin space implementation

to convolve with jet functions

Problems due to functional form of H,J
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Breit frame jets - I

NieMiera, Lee, FR, Sato, Whitehill
- in preparation

* Longitudinally invariant jet algorithm e .
Via Mellin space:
1 q g vvwy
/ dz H(z)J(2)
| 1
L / dz (H(z) — H)J(2) + H(1) / R
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Breit frame jets - I

NieMiera, Lee, FR, Sato, Whitehill
- in preparation

* Longitudinally invariant jet algorithm e .
Via Mellin space:
1 q g svv73
/ dz H(z)J(2)

1

. / dz (H(z) — H)J(2) + H(1) / o

<0 <0

O dNJ(N)/ dz 27N (H(z) — H(1)) H(l)/ dz J(2)
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Breit frame jets - I

NieMiera, Lee, FR, Sato, Whitehill
- in preparation

* Longitudinally invariant jet algorithm e .
Via Mellin space:
1
/ dzH(z)J(2) 1 S
1 1
= [ de () - HO)IE) +HO) | dz ()
1 1
! 2% AN J(N) / dz 2~ N(H(2) — H(1)) + H(1) / dz J(2)
1 1
= [ aNJNYT(N) + H() / a4z (3
Evaluate numerically, Mellin grid Turn into Mellin space expression
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Breit frame jets - I

NieMiera, Lee, FR, Sato, Whitehill
- in preparation

* Longitudinally invariant jet algorithm e
€
: .| VE=140 GeV
10775 Y R=0.7 q g w7
- -
T
A 10—1();

2.0 5.0 7.5 10.0
pr (GeV)

* Note the different functional form compared Breit frame jets - |
even though the jet functions are the same

F. Ringer Cold Nuclear Matter Effects: from the LHC to the EIC January 16,2025



Jet substructure

Krohn, Schwartz, Lin, Waalewijn " | 2
* Charged particle momentum fraction Lee, Moult, FR, Waalewijn "2

of the jet

e
) ) ARS8
 Track functions related to multi-hadron ¥

fragmentation functions

* Probe of multi-parton and non-linear
QCD dynamics

d
T(z) = o [KOT + KO, © T T, (@)

i .
d ln u2 1—1 1—1112

+a KDL+ K, ® T T, + KD, i @ T T T | (2)

1—111 1—111213

Chen, Jaarsma, Li, Moult, Waalewijn, Zhu "22
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* Charged particle momentum fraction

of the jet

F. Ringer

Gi

Quark and Gluon Track Jet Functions

prR = 500 GeV ‘ﬂ\

—— Quark Jet, NLO

= Gluon Jet, NLO
—— Quark Jet, LO
Gluon Jet, LO

06 0

Ltrk
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Quark gluon differences

Krohn, Schwartz, Lin, Waalewijn " | 2
Lee, Moult, FR,Waalewijn "23
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Breit frame - I: Jet substructure

Lee, Moult, FR,Waalewijn "23

* Charged particle momentum fraction

of the jet

2.5

° EIC . ﬂ d d HERA Vs =320GeV, 60 > Q > 40GeV, R=0.8, 0.8 > 2> 0.3, 0.7 >y > 0.2
can constrain rtlavor ependaence |

2.0t EIC Vs =140GeV, 25 > Q > 15GeV, R=10.8, 0.8 > 2 > 0.3, 0.7 > y > 0.2

- HERA NLL
x 15 B EIC NLL /

| & |
= |8 .
s _
— | b _

1.0}

/
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Small QCD scale uncertainty

S0 00 08 g 4D
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Breit frame - ll: Jet substructure

NieMiera, Lee, FR, Sato, Whitehill
- in preparation

* Significant fraction of gluon jets 1.00

=

\]

O
1
Q
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-
T
=2

* Improve understanding of low energy

gluon jets

* Improve constraints on the initial state 0.257
008550 75 100
. ‘ Quark and Gluon Track Jet Func‘gions p T (G@V)
| ;Qu;k gy /ﬂ\& ~ Weighted average
- Gluon Jet, NLO y
S Quark Jet, LO 4/—\7\ 7

Gluon Jet, LO /'
VA
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Summary

* Jets will be versatile tools at the EIC

* Algorithm and frame dependence

. 66"""""""""41
 Clean environment at the EIC < B  anti-ky(SI) : R = SR,
1p e
* Study impact on hadron structure 2 RN ‘Target
. ol e s s o (e
* Disentangle Cold Nuclear Matter effects e R R el
—Qp T M '. DA o
) . Quark and Gluon Tran Jet Functions _4;— .....
—6:-

3 prR =500 GeV ‘ 0.0 0.2 0.4 0.6 0.8 1.0
= Quark Jet, NLO //
B Gluon Jet, NLO / | Ziet

S 2 Quark Jet, LO /—\T\
Gluon Jet, LO ‘N V\
I //
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