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Quarkonium Energy Correlator and hadronization

Quarkonium Physics
O Regarded as an excellent place to study QCD
and non-pert phenomenon
O How cc — J/y!
O NRQCD Bodwin et al., PRD 1995

O Power countinginv < 1, e.g., E, ~ Mv

O Hadronization encoded in (O), (Og)

O Fundamental properties remains
largely unknown: amount of energy
released? Energy Distribution?
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Quarkonium Energy Correlator and hadronization
Quarkonium Physics

Probing Quarkonium Production Mechanisms with Jet Substructure
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Unlike light hadron fragmentation, D (z) is dominated

qg—Jy
by perturbative radiation (parton shower) from £; to 2m,

DC]—%’/W(Z) ~ C(2)(0;)
—

Perturbatively calculable
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Quarkonium Energy Correlator Chenetal, 2405.10056

)gﬁv “quarkonim-Jet correlation”

In quarkonium rest frame
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Quarkonium Energy Correlator Chenetal, 2405.10056

X
4 |
Jy/\//o/// Zapc(X) = iﬁ/j [ddflw%é(Z — X))

y “quarkonim-Jet correlation” ~ average energy at the angle y

In quarkonium rest frame
I IRC safe, can be calculated

perturbatively
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Quarkonium Energy Correlator Chenetal, 2405.10056

O Lorc = 20ECcPT. T 26EChad.

O Hadronization enters as an additive
correction, not in the form of convolution

O 2 pEC haa. CAN be extracted from

"Measured - pQCD”, It Zgpc paq. 1S NOL
too small
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Quarkonium Energy Correlator Chenetal, 2405.10056

O Lorc = 20ECcPT. T 26EChad.

O Hadronization enters as an additive
correction, not in the form of convolution

E(y)
M

Zopcpr. ~ 0(M) E*(y),

My 5 5
2 0EChad. ~ 1 XVM V
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Quarkonium Energy Correlator Chenetal, 2405.10056

O 2gec = 2gECp.T. T %QEC had for Jly  a(M) ~ v*,v~0.5
® Cortection, notinthe form of comvelition  Zese pu/Zasern ~ LI L 22 M
, a ~Y ~ )
QEC,had.! “QEC,P.T. o E E? a. E(z)

5 EQ)

26EC had! Z6EC,P.T. ™ 50%!
) % M 2,2

QEC.had. v Hadronization contribution

could be substantial
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Generic configuration of boost J/y production in pQCD

COM frame r=— dead-cone effects Dokshitzer et al., J. Phys. G

a.CrdE, 0°d6?
r E, [0%+ 65)°

d6y_ e ~

QONK_NZ_Mzz\/;

Near-side radiations:
E,~\/§12,p,~M

10 Chen et al., 2405.10056
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Generic configuration of boost J/y production in pQCD

M2
Jly rest frame r=— Near side radiation will be depleted.
S /
A
oN ol
QO
O
)
=t

away near
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Generic configuration of boost J/y production in pQCD

M2
Jly rest frame r=— Near side radiation will be depleted.
—
A
CD:

8— iﬁwf PR hard radiation

8 depopulated, E; S M
=t

Mg
k;

:S'\ 4' > I
oy~ O (M) 1 0 1 cosy

away nea 12
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NRQCD Predictions:
et g Jly@ete™ @ /s =10.6 GeV

lllllllllllllllllllllllllllllllllll

100 (C) Set 3 ] 3551] 15([)8]+3Pj[8] ] Total_:

COSY

Sizable hadronization effect

- “See” the hadronization energy distribution
_1 0 1 cosy

13 Chen et al., 2405.10056
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NP model:
O cc— JIy+g, Jly@e*e™ @ 4/s =10.6 GeV

O NRQCD matrix element scaling 100l (@) set 3 - sl 'SP+ 36/ Total

O HF spin (rotational co-variance)
symmetry

COSY

Sizable hadronization effect

“See” the hadronization energy distribution

14 Chen et al., 2405.10056
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NP model:
Relative size between NRQCD vs interference
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NRQCD: rotational covariant, E is
“independent of the angle”
Nayak, Qiu, Sterman, 0608066

Interference: boost covariant, pt is
independent of the angle
8] :

E~—l o i
sin y (1 4+ cos y)siny
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z 10E .
Z E Jyete,lyi o STARRunll e 00 Gev O Pythia does not capture correctly the J/y
~_ L Iy —e— Inclusive J/1 in ia o
N .. S<Pp <20GeVEe EC when y < /2 (radiations around J/y)
1 pHadron > 0.2 GeVie, pfadroni<] , , ,
- O Pythia shape consistent with pQCD
- expectation
1071 __:___._ . . .
- —— O Pythia models pQCD radiations
B —o—0—
- e " %"um - reasonably well?
B —o— —o— +
107 = e, +_+_+ T ++
E STAR Preliminary e,
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Dandan Shen’s Poster @ QM 2025
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. 10 = 10 | |
%Z - Jp->ete, lyl<l —e— STAR Runll1 p+p 500 GeV 5 _—
~ L —e— Inclusive J/1 in Pythia8.310 _ i
N 5<pl'<20Gevie v dia - Fythia
1 pldon > 0.2 GeVie, Peroni< »
E @ 0.100
i +¢ }—.—:_HH_'_._—O—!
10_1 E_ __:___._ | I_'—_'—{
- o 0010 = P F+ }_:_i B=as
B o
- . —— ++ + +_*—
10—2 — ++ _+_+ +_+_<
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- STAR Preliminary T, . . .
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1 08 -06 04 02 0 02 04 06 08 1 NRQCD NP model

COSY
O Have we seen the energy from

hadronization? NEED precision
. bQCD INPUT!

Dandan Shen’s Poster @ QM 2025



Conclusion

O The Quarkonium Energy Correlator can provide us
new insights into heavy quark hadronization

O High chance to identify the energy distribution
during hadronization at current available facilities

O Calls for inputs from precision calculation
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