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The energy correlators is defined as the joint probability of simultaneously discovering energy ( )

at the detector ( 1, »,..., ).

(E(01) -+ E(0n))

where makes the vacuum excited at ( =0,
Energy flow ( ) is defined as a light-ray operator:

() = lim T2/ dtniT%(t, rﬁi)

3 oC
f(ﬁ)=(1+yL|2)/ dy T_(y =0,y ,y")

(0]OTE(61) - - £(6:)0]0)

-

- [ [ — +

= 0), such as the virtual photons in S
ALEPH e'e’, {S =912 GeV
| —— Fully Corrected Data E
10 :_ Transition Transition ]
E Free &
- Soft
— " Had issions
W Sloreinl Quarks and siiisshrls |
ﬁi " 10 = e Gluons //—'-'ﬂ
£ ™ - =
= - e, E =
@ - " ]
Cl= T .-"- |

-2 TE Collinear | -, < Sudakov
Z F z~0 ‘ P z~1 | 3
107" |= eL; '.'-'. _.':. % 8, ; |
E ""\..-'" 3
—2 i 4lliJI\ I | \IIIHI 11 IIHUI Ll IJIIIII Lii 111 |IJlIlI 11 Illull 1 II\III\ 1| |IiHl| 11
10 10 10° 112 1-10% 1-10*
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In QCD Energy-Energy Correlator is given by:

H. oy 1 —cosx, 1 —coséb
BECqen = 3 [ doye e 22— ) 2 .

Otot Q 2

ab, X’

when the angle is small, then consider that - +

=

2 292 b) PGPy )
mi,. = 2B F(1 —eas0) =~ (1 —x)(} 0. X
SO = , we can use light-ray OPE solve it
01(331)02 .132 2012]9 9712)01;;(332) S(nl)S(ng) = / dUIdUQTuLUI (ul,nl)Tqu (’UQ,’I’LQ)
1 light-ray > T (1)1, Z ng (212) Ok(2) O = /du O (u,n)
Cral®) ~ Trrm A

E(n1)€E(ny) ZC’;; )O(n2) Cs;(6) ~ 992

EEC(6) ~ 6™ *

T=2+(J)

8B YA T®RRT
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Transverse momentum between two jet is defined as gr ~ Q(m — x)

Whenx - , we have w—x<—>q—T

Q

aexample: ¥ ~ - ~ thereis gluon radiation ¢ —q+g

Sum up the amplitudes emitted by any number of gluons (Wlison line) e gt
p,u nt 2 ra o nH M2 ) oo
o= megTe T 79 — : ,
P pktio 9 wkvo 7 (o ket k)] B =FeD Z9/0 dsm - Ay(z + sn)

Sl Y= ;r <o ‘Tr [T(SLSR) (b.) T(S}S,) (0)] ‘ 0> .

The factorization structure of the EEC in the back-to-back limit can be written schematically as

dﬁ e, H(Q, ,u) /w de bT J() (bTQV 1-— Z) Jn(bT)Jﬁ(bT)SEEC(bT).
0

dz

Here:

H(Q, p) describes the hard process that produces the two energetic jets;
J,(br) and J;(br) describe collinear radiation along the two jet directions;
Serc(br) describes soft radiation correlated between the two jets;

by is the impact parameter conjugate to the transverse recoil momentum gz.

 (CRL T € U
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Two methods from UV to IR

Hard scattering, jet splitting, soft radiation,
hadronization (QCD phase transition)

_ wmm Weakly Coupled
Conformal Gauge Theory

&
>
.
~
=
9
\

[}Iril"i.\\\'\'\\wu o

== Confining Gauge Theory

Free Hadron Gas

Free Hadron Gas

ol Wilson Line OPE |
z 1—2
2 )2 2 - - 2
5 5 o ,cQ Mmoo~ (l — .,)C,? " "
oo~ A° » 1~ ~ A\

(O ¥
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Ry = Ryp = /(An)? + (Ada)? ol

100+

Two-Point Energy Correlator
When the angle is small, the center of the jet can

. 8 - - Light Jet
be approximated as 1, M0 o Charm Jet
& = = Beauty Jet
2 2 = 60
4 4 S
AKS5 Jets, |n| < 1.9
i pr = 500-550 GeV |
Yoor ooE oo 0050 0.100 0.500
prRr > mg : the quark-mass effect is negligible, Ry
prRr ~mg : the quark mass begins to affect the radiation pattern,
prRp < mg : the quark mass strongly suppresses collinear radiation.
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+ - -

So the high-energy partons generated by hard scattering
will pass through the medium, causing energy lossing

q—q+g q + medium — g + medium

The redistribution of energy in angle causes deformation
of EEC

E2C PbPb/pp

E2C PbPb/pp

&

—

0.5

1.70 nb” PbPb (5.02 TeV) + 302 pb™' pp (5.02 TeV)

' d
i CMS Preliminary

- === PbPb 0-10% / pp

__ [ Hybrid, full wake h
. —e— Holguin, k=0.3 p; >1GeV
- [ ColLBT, gq=1 n=1

T
120 < jet p_ < 140 GeV |f
anti-k, R=0.4 /
I J <16 l

Anti-k; R =0.4 jets
120 <p_ <140, ml<1.6
p$h~lrack >1 GeV

III|III|HI|III|H

Pb+Pb/pp, 5.02 TeV, 0-10%

[ No Elastic, No Wake

[ With Elastic, No Wake

[ No Elastic, With Wake

] with Elastic, With Wake

® CMS Data [CMS-PAS-HIN-23-004] +

T TR e i

1072
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15F

Heavy quark’s energy loss in SYM. arXiv: 0605158

==+ LUg =400 MeV |

==+ [g =400 MeV |

250 300 350 400

T [MeV]

250 300 350 400

—Fdrag

In non-conformal holography. arXiv:1507.06556

/
dp T 9 o 1 d° 1 ;. f(¢) v — d¢ ~ ¢ (T)
b = v/ —g |R— = (0¢) — V(o) — L F, ,F*¥|. By = r .
= 5 VAT?yv 167Gy g 2 (09) (¢) pv ¢ = Thi Q ~ Af(r)
eV /g (r.) 9uo (Ts)
Fdra.g - - - 3
dp _ m/AT? e
dt KD, w = om
Unnormalized heavy-quark drag force (A;=7.8)
Heavy-quark drag force in the lattice-calibrated EMD plasma s e
v=0.6 v=0.99 _ sl == oo
l I I—/.15=0Mel\/ | ! I—;.13=0Me|\/ %
— — g =100 MeV - — — g =100 MeV 2.
— i3 =200 MeV — i3 =200 MeV | 3
— 5 =300 MeV — 5 =300 MeV =

T [MeV]

T [MeV]
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EEG In holography

When considering inserting into a Ad 5 spacetime with the boundary condition ( , =0) =

ds? =g 2412 (dx*dx — |dzt|? — dzz) 8ds? = ee AR5 f(zt, 2) (dzz:+)2

The introduction of A(z) causes a scalar field to appear in the bulk
3

N . _ (¢(2)" = 5 (AP +4"(2),
/d /g [§ (Vo)™ — V(Cb)] E-L equation il _%eQA(Z)A!(Z)Q_

Perturbation makes the Einstein tensor and the stress-energy tensor as
0G = gé(xﬂ (dm+)2 [—6 (A'(z)2 — A"(2)) — 3A(2)0, + 0% + 0% + 83] fz+,2),

6T = eb(z™) (dx*)2 [eQA(z)V(gb) + qb’(z)ﬂ :

Then,we have (34/(2)9, — 92 — 0 — 83) f(v+,2) = 0.

6B TaWTRRT

University of Chinese Academy of Sciences




EEG In holography

The excitation operator is also a scalar field in bulk

(34'(2)8, — 0% + 89, x(z#,2) = 0.

we can set the field as

Y = eiqtq3/2€3A(Z)/2¢(Z)l
Then (02 + V(2)] ¥(2) = 0,
9 3
V(z) = ZA'(Z)Q - EA”(Z) —q°
_ 15 5 9w'(2/am) n Iw'(z/zr)? ~ 3w'(z/2m)
N 422 2ZZIR 42132 22132 .

Xafter transformation(m—l_ — 0: ZL‘_, 'CCJ} Z) ~ 5(Z — 1)52 (xL)eiqm_/2j

6B TaWTRRT
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EEG In holography

we have
/—d2 Ldx zx (v1)0- g—e2f (1) )B_X
L (e, I
EOEWH) ~ (1+@H?) ft 2= 1.
When 2 ()=1/ 72 =7 where q is the total energry
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