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Hadron structure & formation

e Confinement: extraction of information is indirect

e High energy collision: send in a probe and measure

the outcome
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3D structure in momentum space

TMD (transverse momentum dependent) distributions: TM D Hand bOOk
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Processes to extract TMDs

e Standard processes: e*e”, SIDIS, pp collisions
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Two types of jet production

Single inclusive: only care about a single jet Exclusive: a fixed number of final state jets

(back-to-back dijet/Z+jet)

Pr

dijet production \ Ja



Single inclusive jet production

Kang, Ringer & Vitev: 16; Dai, Kim &
Leibovich: 16; Kaufmann, Mukherjee &

e Collinear PDFs: only one scale p..is Vogelsang: 15
measured.

e TMD FFs: when hadron transverse
momentum distribution is measured.
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Collinear and TMD fragmenting J,: hadron transvgrse .
jet functions (FJFs) momentum w.r.t jet axis
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Relation between TMD FFs and TMD FJFs

If you measure both z, and j
O—b Hadron Spin @ Quark Spin
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TMD handbook: 22304.03302

How do we connect them?

Kang, Xing, Zhao and Zhou: 2311.00672
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TMD FJFs

If you measure both z, and j

. 1 b
Di(z,2n,7 ) = Jo (‘7i

Hadron
fragmentation & soft

_— tion.
ard splitting & correc
Qt formation Standard
TMD FFs

ALL coefficients have been computed in our work!

Kang, Xing, Zhao and Zhou: 2311.00672
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A-baryon polarization

e Large transverse polarization
found for A produced in
unpolarized hadron
scattering

e STAR recent measurement:
test of universality of A
polarized FFs

polarization
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A-baryon polarization
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Extracted from BELLE data 2003.04828
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Exclusive jet production

« Momentum imbalance q . sensitive to |
initial-state TMD distributions = \&
$3
« Hadronj  : sensitive to TMD FFs
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Kang, Lee, Shao & Zhao: 2106.15624
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Exclusive jet production: ep — e + jet(h)

e worm-gear function

e longitudinally polarized FFs

Kang, Xing, Zhao and Zhou: 2311.00672
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Exclusive jet production: pp — Z + jet(h)

e Recent measurement by LHCb (2208.11691)
o First time differential in both z, and j, (proposed in 1906.07187)
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Exclusive jet production: pp — Z + jet(z*)
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Exclusive jet production: pp — Z + jet(h*)
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Nuclear TMD modification extracted in

Alrashed, Anderle, Kang, Terry and Xing,
2107.12401

Fitted for TMD PDFs & TMD FFs

b a
S]?]/If’f(ba QO,\/CTL) = g?zln(a)ln(g) +g(11/Ab2,

g/ =gi+anyl, L=A"" -1

Broadening of transverse
momentum distribution
Behaviour driven by
collinear FFs
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Exclusive jet production: pPb — Z + jet(h)
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Transverse energy-energy correlator
(TEEC)
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Energy-energy correlator (EEC)

e Two-point energy correlator

e One of the first infrared safe event shape in QCD
o Basham, Brown, Ellis & Love: 1978, 1979

e Probe jet substructure when y—o0

e In e*e annihilation:

dYe+e-
= d
d cos x Z / ’

COS 923) o COS(X)) Moult and Zhu, 1801.02627
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Transverse EEC (TEEC) at EIC

e Two-point energy correlator in azimuthal
plane

e Generalization of energy-energy
correlator
o Ali, Pietarinen & Stirling (1984)

e Inep —>e+h: Er1Ern 1+ cosd
TEEC = dopis — o7
Er;> .. Er; 2
" e hadons

e | soft radiation does no
contribute at LO

o [weighted Cross sectior}
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TEEC: LO and NLO corrections

Z
p
Y 3 P2
p, (7-
)2~ (D, /D)
leading order initial-state radiation 21



TEEC: LO and NLO corrections
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TEEC:ep e+ h

d py [ db :
TEEC = — dy:d2p = a0 H (Q, u)z 3\/7; —cos(2bV/7 pT)[fq (2,5, 1, C)I/q (b1 C)}
e [TMD PDFs ] [TE 1+;°S¢]

° iTEECjet function] (b , ¢ ) = Z/ dz Zl~71,h/q (zaba 2 CA)
h
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TEEC-ep —>e+h

Marquet, Xiao & Yuan: 0906.1454
e Quark TMD PDFs expanded in
terms of small-x gluon dipoles
e Allows us to probe small-x gluon
saturation physics
e We further combined TMD
evolution + small-x evolution (BK)

NS, b+7r)-r
zfq (2, b, o, 15,) = 87/(16? d*r WG?Kl(Eﬂb‘H‘DKl(EHTD

X |1+ Su(1b]) = Sa(lb+7) = Sa(lrl)
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Probe small x PDFs with TEEC

E /5 = 140 GeV —p%, =2GeV
by, = —2 —pl —4Gev e (Can both describe

inclusive DIS

e Significant difference
in TEEC

Kang, Penttala, Zhao & Zhou: 2311.17142 2
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TEEC: pPb — Z + h

Rpa

1 dxrA / dxrr
A drdyydpyr/ drdyydpyvr

e Nuclear broadening effect of transverse
momentum

e Different rapidity bins probe different
kinematic regions

Kang, Lee, Penttala, Zhao & Zhou: 2410.02747
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Currently working on... Implement

ATLAS: 2300.00318 NP kernel
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Summary

e We established relations between fragmenting jet functions
and standard fragmentation functions in all possible
polarizations

e We use them to describe experimental data at RHIC and LHC
o Kaon FFs can be further constrained from LHCb data
o A polarization in jet from STAR can be described by our

formalism

e Nuclear TMD corrections can also be studied with our
formalism

e Transverse energy-energy correlators offer new opportunities
in probing TMD physics
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Thank you for your attention!
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