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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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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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Particle #

Quark-like

Transverse

momentum

Number of Jet Constituents

Nature of jets at the EIC

Vs =89GeV,0.1<y<0.85

All particles
Charged particles
Decay photons
Neutral hadrons

> 250 MeV/c
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Two “natural”’ hard scales

°Jet transverse momentum pr

* Photon virtuality Q2

Arratia, Jacak, FR, Song " 19
see also Aschenauer et al.
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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

* New physics searches

pPT
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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

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
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Jets - Frame & algorithm dependence

. . dO-
T kel

Vogelsang et al., Boughezal, Petriello et al.

Q* small or large

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

do

Q* small or large

see also asymmetric Centauro 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

de Florian, Borsa "22
Borsa, Jager "24

Lab frame Longitudinally invariant algorithm (pr;,d;;)
| | | @ PDWH'EGNLO' / Pythla
- B SV ) PYTHIANLO + PS #
[ AT
* NLO matched to parton shower O 100} Tt 4 POLDISNNLO
e .
° " I S :
Unpolarized and long. polarized £ NG o p e 4 e X s,
. . o 1072F  49GeV? < Q% < 1000 GeV? BLA,
* POWHEG BOX implementation S 0.04 <y <0.95 & S,
pp >5GeV || <3 A
A
— / .
e (ke) +p(ky) = LK) + jet(pjer) + X
- Significant effects for
Z pol. cross section
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Algorithm dependence

See Arratia, Makris, Neill, FR, Sato "20

Breit frame Spherically invariant algorithm (£;,6;,) Caucal, lancu, Mueller,Yuan 24
dO‘SI
~ R Hap Q@ Jp
drpd@?dz %b: Ja ® Ha
"\ *Collinear jet function,
resummation of In R
-
. ” * Particularly useful for jet substructure
proton o S * Quark-jets dominate
pH }
€

* A few percent of gluon jets at NLO
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Algorithm dependence

See Arratia, Makris, Neill, FR, Sato "20

Breit frame Spherically invariant algorithm (£;,6;,) Caucal, lancu, Mueller,Yuan 24
dO‘SI
T ™ Z fa ® Hyp @ Jp Requires threshold resummation
dxpd()<dz —
B ol  PYTHIAS: Vs = 63 GeV
€ i
# 4 P - - 4
q~ ; . struck quark q" - i e p—e +jet+ X A
) < v Sl Q> 10 GeV, Ry, =0.8 £ 1
proton 0 ) > g i _ |
P . % Ji Pythia ‘\
€ = : _
X . —— NLL®NP / |
= |
21 L
* Unpolarized measurement at HERA!? e————— . .
0.4 0.5 0.6 0.7 0.8 0.9
Zjet
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Algorithm dependence

Spherically invariant algorithm (£;,6;,)
&

dO‘SI
dzpdQ?4dz

~ Z fa @ Hap @ Jp Leading order
ab

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

&
o | <
i Zfa®Hab®Jb
ab ‘

dz5dQ2dppdn
K q g Tsoo6

* Expect significant fraction of gluon jets

* Add jet substructure
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Jet substructure

Krohn, Schwartz, Lin, Waalewijn " | 2
* Charged particle momentum Lee, Moult, FR, Wadlewijn "23

fraction of the jet

2.5
. HERA Vs = 320GeV, 60 > Q > 40GeV, R=0.8, 0.8 > 2> 0.3, 0.7 >y > 0.2
o |
EIC Ca‘n ConStra‘In fla‘vor 2.0t EIC Vs =140GeV, 25> Q > 15GeV, R=10.8, 0.8 > 2> 0.3, 0.7>y > 0.2
dependence of track functions | HERA NLL -
L. 15; ~ EIC NLL /_\
el & -
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S |
— | b .
1.0f ,
0.5:
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Lirk

Small QCD scale uncertainty
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New physics searches with jets

* Consider an exemplary BSM signal

€ €
* B-L model, Z;_; from gauged U(1)p_; J
* Constraints in the low-mass region jo
within reach of the EIC p 73

* Electron + 3 jet signal (hadronic decay)

Line =95-12,J5_;, with Jp_p= ZQé—LJ?V”f
f

Athanasakos, Grieninger, Liu,
Mangan, FR, Szafron - in preparation
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New physics searches with jets

* B-L model, Z;_; from gauged U(1)p_;

* Signal cross section for myz = 40 GeV

]./O'dO'/dMij

F. Ringer
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€

4— Only large-R jets align My ~ myz
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New physics searches with jets

* B-L model, Z;_; from gauged U(1)p_;

* Signal cross section for myz = 40 GeV

]./O'dO'/dMij
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Use full event information!
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New physics searches with jets

* Signal + background

Sideband ~ Signal Sideband

. region

: . 104}
* Use full event information |
. . E
* Train classifier on data vs. <103}
. g
signal-free background events . _
102! é Total Counts |
* Use conditional generative model T SBiZ;glmund
trained on sideband regions | LHC I Boundary
10779500 3000 3500 4000 4500 5000

See e.g. Nachman, Mikuni, Thaler, Plehn et al. m;;j [GeV]

Enhance signal sensitivity

Athanasakos, Grieninger, Liu,
Mangan, FR, Szafron - in preparation
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New physics searches with jets
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New physics searches with jets
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Summary

v/ J POWHEGNLO

';' PYTHIANLO + PS
§ 1001 il A L 4  POLDISNNLO
* Jets will be versatile tools at the EIC o
UL G S gy oweey e,
Pt >5GeV | <3 A
* Algorithm and frame dependence s —
il
/Y ///
: S 00
* Clean environment at the EIC 7
;;0.5

* More quantitative studies of hadron structure, TMDs, CNM, etc.

* Enable new physics searches
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