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Jet Energy-energy correlators
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Jet substucture observable
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Jet EECs in CNM

e-A and p-A collisions: probe CNM

> e-A collisions > p-A collisions: comover effect

/

) | % Comovers: particles produced in the interaction
< SIDIS: Clean environment (EIC) of protons with nuclei that are unrelated to hard
scattering
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Higher-Twist (HT) formalism

Perturbative Expansion

g ~ :aSCZ(O) -+ a}Cz(l) + aSZCZ(Z) + ® T,(x)

1 [.0,(0) 1 (1) 2 ~(2) | _ Twist Expansion

+ Q% _aSCiO) + ang) -+ aSZCiz) + ] ® Ty(x)

Twist-4 gluon-gluon correlator:

Ty(x) o [ dy~dy;dy; (F(07) F(y3) F(y;) F(y7)) o« A3 =
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Jet EEC at Leading Order in pQCD

» At leading order in as:

7

s Jetwith g = q + g splitting

7

* Energy flows determine by momentum and angular distributions of offsprings

» Energy weighted differential cross section:

dx fld dogg (1- 2
— = A z(1l—2z
g ), do
“ 044 - Inclusive cross section with g —» q + g splitting

7

s z—large momentum fraction carried by the offspring quark
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Notation and Kinematics

: tq
Breit Frame: z = q—

> Differential Hadronic tensor:

AWy, - d*e,
e — [ aty ot & L0 5(23) £ 5(83) (£ 4,) Z<p/A|1“<y>|q 9, X)a, 9, XU ©)Ip/A)

b7ty 2,4,
> T(fq.4g) =5 5<C059 =7 q"l |%|)
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e-p and e-A collisions at Leading Twist

" LT
EEC . TTUV
2o | =T dx 00 Hy (x) Kir(6)
> PDF (Twist 2): £, (x)
> Partonic hard scattering: Hy" (x)
> Angle-dependence: K;r(6) = “s — Cr f dz Z(l 2) 7]

s At LO, EEC obeys 1/6 power law

** Resum higher-order processes modifies angle scaling to 1/01‘V(3)

> Only difference in @A — nPDF: £ (x) = R4(x) f, (%) Duke
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e-A collisions at Next-to-Leading Twist

T NLT
2o | = dx fi () HyY (x) Knir (6, Q)
> Collinear approximation: £ « Q?
2
% Forf = 0.4: 2 ~02 Q2% < (02—4) 02 = 0.04 Q2

< 1 16 P, 4(2) L . _ N . (1-2) Q6% . _
> Kyir(6,0Q) = Z—n Ca fo dz 932(1q_gZ)Qz fo d¢~ q(&™) sin? (Z 4\2/5 $ )

> Jet transport coefficient, (& 7): T,(x) ~ | d&~ fA(x) (&)
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Jet EEC: e-A collisions

dzLT+NLT

as azy el _
= deengde ~ an xIZ;EIsWZ 52 fCIA(XB) Luv H(L)W(xB) (K7 (6,Q) + Ky17(6,Q))

» LT S ower law
"0 P Combine LT and NLT results to get full
result up to NLT accuracy

> NLT: —51n2(# KD :> (# 0*) ~ 0

» LT + NLT: % (1 + # 8%) — agrees with light-ray OPE prediction (andres et al, arxiv:2411.15298)

» Competition between % and 6: EEC enhancement manifests when 8 > 6, with K;7(0y) = Ky;7(60)

» The NLT modification depends on g and path length L
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EEC ratio in SIDIS
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q
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0

dsLIHNLT faxp dQ? de

Rea/ep(0) = d%ep/dxg dQ? d

NLT modification(final state
interaction) ~ 6

% enhance in large 6

At small 8, no enhancement

% Ratio < 1: nuclear shadowing in

nPDF
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Jet EEC: p-A collisions

In pA collisions with a (ab— cd) partonic process:

>

L : : = p—l(ey1 + e72)
Inclusive jet production cross section: Vs
o doP4
“ dy, dp? S - fa/p(xa) ®fb/A(xb) Q Hypea
For jet EEC:
° daggc
% dy, dp? db = fa/p(xa) ®fb/A(xb) ® Hapca K(Hr pJ_)

PRy =0 Same kernels calculated for DIS can be

_ _ _ used as the final state modifications

From previous discussion: only make through g

R 1 1 L — — . -
Qe KLTNE' KNLT~9_3 fO df (/I(g )Slnz(# 025 )
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Comover Effect

» Comovers: particles produced in the interaction of protons with nuclei that are unrelated to hard scattering

» Average path length within the comover region: limited by the transverse area of pPb interaction
* (Lep)~R, = 1fm

» Estimate § at the comover region:
% fromPb+Pb:§g ~ 8T3 ~ s

* charged particle multiplicity as a proxy for entropy density

g Wen RZ.. T
dn

dNE® dNEPPP

. . d d

= oo = - /"= ~ 06 GeVZ/fm

(Roms) /| (REDS)
1 (Lco) . . 1 L y .

Knir = = A&~ Geo(E7) sin“(# 0°€E7) +— d&™ gpp(E7) sin“(# 6¢7)
63 J, “ 0° )i,y DUke
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EEC ratio for p-Pb

L= 4fm Gico = 0.9GeV2/fm e Tpp dZ‘;ﬁgleJ’double/dy dp? do
- L=5fm ~ (co = 0.6GeV?/fm > RpA/pp (9) = OpA dz,,/dy dp4 do
— L=6fm Jeo = 0.3GeV?/fm P p !
= (o = 0.0GeV?/fm

» Mid rapidity

» pr=30GeV
Jeo = 0.6GeV?/fm
Jep = 0.02GeV?2/fm
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EEC ratio for p-Pb

t= ::m Jeo = 0.9GeVZ/fm Exp (9) dzsm‘gle"'double/dy dp% aé
—= =5fm A 2 —
-~ (o = 0.6GeV</fm pA/pp ax dv d 2 dé
—— L=6fm Geo = 0.3GeV2/fm OpA pp/ Yy apr
= Jeo = 0.0GeVZ/fm : . g
Mid rapidity
pr = 30 GeV

Jeo = 0.6GeV?/fm
4pp = 0.02GeV2/fm

— 0.9GeV2/fm multiply by 0.9: Capture the overall shape

= L=5fm o = 0.6GeV?/fm

- :SCG?; ta fit = 0.3GeV%/fm X
Corts = 0.0GeV?/fm

data uncertainty ' % Non-perturbative effects?

s Proper normalization?

s+ Selection Bias?

Jeo = 0.6GeV?/fm L=5fm
drp = 0.02GeV2/fm drp = 0.02GeV2/fm

s Multiple Scattering (Broadening)?
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Summary and Future Directions

» angular behavior up to NLT is %(1 + #9_125in2(# 82))

J/

* NLT angular behavior caused by LPM effect

% At small angles: %(1 + # 62), consistent with light-ray OPE result

» pPb ratio: Reproduced overall growth at perturbative region

X/

% Systematically higher magnitude compared to data

X/

% Further investigation is ongoing

» Proposed jet EECs in eA and pA helps to measure g of cold nuclear matter and separate the cold
nuclear matter and comover effects
Duke
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