Quarkonium Energy Correlator

Xiaohui Liu

F4mLHCb RIS Y B =

ORWAL > ~
0\ i 4T %%
2 (ufB o) ;]% SO RS Chen, XL, Ma, 2405.10056

v BEIJING NORMAL UNIVERSITY



https://arxiv.org/abs/2405.10056

Motivation

Quarkonium Physics

O regarded as an excellent place to study non-
pert phenomenon for a long time

O How cc — J/y”?
O NRQCD: encoded in (Oy), (Og)

O remains largely unknown: amount of
energy released? Energy Distribution?




Motivation

Recent attempts using jet

Probing Quarkonium Production Mechanisms with Jet Substructure
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Unlike light hadron fragmentation, D, _, ;, (2)
dominated by perturbative radiation
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Chance to “see” hadronziation?



Outline
O Motivation

O Energy Correlators

O Adapt to quarkonium studies — the Quankonium
energy correlator

O Conclusion
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Energy Correlators

EEC
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Hadron List 1 Hadron List 2

O Easy to implement, hy (E, D, e h, (E,p, e,

O Perturbatively predictable b, (E,Be,...) h, (E, p, e
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Jet Structure in e+ e- Annihilation with Massless Hadrons Citations per year
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Our ensembles will thus be specified in terms of set
states, To make this idea more quantitative we defi

"angular energy current'" in the e+e- CM frame:
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Conformal collider physics:
Energy and charge correlations

Diego M. Hofman® and Juan Maldacena®
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Polchinsi:

Thereis a lot

of QCD data...
can they see
{ this scaling?

Princeton, NJ 08540, USA

Maldacena:
People do not do
this, I haven’t
| figured out why
| they don'’t. I think
¥ they just haven't
L@ thought about
| this.
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Scaling rule by Hofman, Maldecena, 2008
conformal theory
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——3&——  ALICE Preliminary: f§ = 5.02 TeV, 20 < Charged Jet p, <40 GeVic
G ALICE Preliminary: S = 5.02 TeV, 40 < Charged Jet p, <60 GeVic
ALICE Preliminary: f5 = 13 TeV, 20 < Charged Jet p, <40 GeVic
ALICE Preliminary: ¥s = 13 TeV, 40 < Charged Jet p, <60 GeVic
ALICE Preliminary: ¥ = 13 TeV, 60 < Charged Jet p, <80 GeVic
CMS Preliminary: s = 13 TeV, 97 < Full Jet p, <220 GeVic

CMS Preliminary: fs = 13 TeV, 220 < Full Jet p, <330 GeVic

CMS Preliminary: ¥s = 13 TeV, 330 < Full Jet p, <468 GeVic

CMS Preliminary: ¥s = 13 TeV, 468 < Full Jet p, <638 GeVic

CMS Preliminary: ¥s = 13 TeV, 638 < Full Jet p, <846 GeVic

CMS Preliminary: ¥s = 13 TeV, 846 < Full Jet p, <1101 GeVic
CMS Preliminary: ¥s = 13 TeV, 1101 < Full Jet p_ < 1410 GeVic
——alls——  CMS Preliminary: ¥5 = 13 TeV, 1410 < Full Jet p_ < 1784 GeVic
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A Different Angle on the Color Glass

2n

June 12,2023 -« Physics 16, s89
Predictions indicate that a new type of measurement at the future electron-ion collider could spot an elusive E E a S a
high-density regime of gluons called the color glass condensate.
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saturation
Liu, XL, Pan, Yuan, Zhu, PRL 2023

XL, Zhu, PRL 2023
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EEC

X

Quarkonium EC

X

>

N "~ Jet-jet-correlation &ﬁ # “quarkonim-Jet correlation”
In quarkonium rest frame!!
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- | EzE] 1 j
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EEC Quarkonium EC

X

>

)@" - Jet-jet-correlation &ﬁ & “quarkonim-Jet correlation”
In quarkonium rest frame!!
| EiEj | E.
BEC = J ; 02 (x =0 oECc(X) GJ/WJ sy, = x)

~ average energy at the angle y
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Quarkonium EC

_ X
O 2prc = 26EC.P.T. T 2GEC had. / ////
O Hadronization enters as an additive Iy \,//
correction, not in the form of convolution /

O Hadronization could be large N “quarkonim-Jet correlation”

In quarkonium rest frame!!

E
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~ average energy at the angle y
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Quarkonium EC p A
O 2Lorc = 2oEcpT. t 26EC had. / /// /

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

O Hadronization could be large

E(y) A$ﬂ
Zopcpr. ~ (H) Y Ez()()<@1,8>/
My | E.
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O 2Lorc = 2pecp.T. T 20EChad

O Hadronization enters as an additive for Jlwy a(M) ~v?*,v~0.5

correction, not in the form of convolution w 3 a3
Mv M=y v M

O Hadronization could be large > /S ~ ~
& QEC had.! QECPT. ™ "0 7 o E(7)

E(y) 0
Zopc,p.r. ~ (1) M E*()(018), It M/E(y) ~ 1
My 5
2GEC had. ™ M Mv(0, 8) 2 oEChad! ZoEcp.r. ~ S0%!

Excellent place to study the
non-perturbative physics!
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Generic J/y production configuration in pQCD

COM frame —

dead—cone effeCtS Dokshitzer et al., J. Phys. G

a,Cr. dE,  0°d6?
n E, [0+ 65)°

d6y_, 04 ~
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Generic J/y production configuration in pQCD

| COM frame :
E. JE., ~ —boost factor® ~ —
U‘ Jaway Jnear 2 }/‘
o
8 hard radiation
=t

depopulated, £, ~ M

near

o
J/y rest frame §
EJ

E, ~ ~ o= 1 0 | cosy
near away 2M
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Sizable hadronization effect!!
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Sizable hadronization effect!!

0.01

ete” > Jly+ X

Chen, XL, Ma, 2405.10056

lgnore interference, rotational covariant
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Relative size between non-inter vs interference Ignore interference, rotational covariant

: “See” the effect of the gl i (8]
s T wilson line direction = O
7 |

10 205 0.0 0.5

Wilson line 5
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Similar story happens to pp 10 -
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- \/ S =7/TeV
1 \ ﬁ
< 050/ ~-_ :
O - T — _
) . -
N i “x-\_x_“‘\_~- i
010' §"'~—~_;
. o 00 yic00 o ‘
Preselecting particles inside a fat jet  p=15Gev
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Conclusion

O Energy correlators provide a new insight to quarkonium hadronization

O The results showed in this talk are quite generic, independent of
production channels, ee, pp, ep ...

O Suitable for LHCD ...

Thanks
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