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Energy correlators

What are energy correlators?

Observables that characterize angular structure of energy flow in high-energy particle collisions.

Defined via correlations of energy depositions in detectors.

N-point projected energy correlators 2004.11381
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v-correlators (PEvC) are defined by analytic continuation of PENC with N — v

ST—— — S —— 1 S — USD —



Energy correlators
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Two distinct scaling behaviours

Impressive agreement with data with leading non-

perturbative effects
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Energy correlator in HIC
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Jet In vacuum

A

Ky —— Production scale

H; —— Jet scale

1 do'” . .
° = Z dxx™H (w, 1) J(w, y, ) Hard function describes the production of jet
oy dy ic{q.3.2) Initiating parton

hard function Jet function
Jet function describes subsequent evolution
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Jet evolution iIn a medium

Encounters multiple emergent and direct scales T ~mp, L, 71, G, 6,.,... Scale hierarchy: juy; > T~ mp > Agcp

T ~ m;, — medium temperature

g — jet quenching parameter
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Dynamic
scales
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mfp — Mean free path of jet
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0. ~ > coherence angle
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Interactions with the medium parton trigger
medium-induced emissions
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In medium parton shower

Multiple scatterings between jet and the medium Interference between multiple jet partons can can
can suppress gluon emission rate, LPM effect have interference in the transverse direction, color

(de)coherence, 6.
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[ will restrict to single scattering and NLO hence the relevant scales are 7,and L

Jet-medium interaction involves both jet and medium dynamics and requires a systematic approach to incorporate
them
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EFT modeS

In the EFT set-up we separate jet and medlum dynamlcs in terms of momentum scalmg of partlcles

Medium : p'=(p~,p".pL)
Thermal partons have energy of the order of temperature of the plasma QA ~ T = Q, .4
Jet : collinear mode p. ~ Q(1,4%, 1) Exchange Glauber modes pg ~ Q(4, 4%, A)
Off-shell mode scale such that the interaction should not change the off-shellness of collinear or soft modes
P- p_
(0) (0) (0)
ol \ C A SCET = g + g + g
\¥ Virtuality
s p? ~ Q7 ‘S/plg}s = CG(iu) Z @ZS
(N : i€{q.g}
172 ~ Qied 1
, Rapidity @ZJ — @lb_@ﬂ?
T g2 " P " P}

Mode with v1rtuallty > Q -4 €an be factored out
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Lund plane representation

Intercepts of lines give relevant mode and its scaling

Emissions with formation time larger than the medium length are suppressed

1. Hard emissions are generated during vacuum emissions

A Ing,
A
0 -+ 2. Medium induced emissions are generated through
scattering processes of jet and medium parton and have
07 transverse momentum Q, 4
OV 3. Emissions with @ < 6. are not resolved by the medium
0 0 . 4. There can be medium induced emissions with 7, > L
med —— me
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Jet as an open quantum system

Step1: Factorized total initial density matrix

p(0) = |e*e™)ete | ® pp(0)

Step2: Time evolution of the jet through total density matrix
p(t) = e Hip(0)e™"

H = H,+ H + H; + C(Q)I*j, = H, .6+ Oy
—— Subsystem

=iy, Hard interaction

Environment

Step3: Solve it!

Hard operator creates hard scattering event that produces the jet

do'V!

= lim Tr[p(1).4] = | C(Q) | Ly lim [d“xd“ye I~ (0p(0) M (e ™

d){ [— 00 [— 00
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Factorization for energy correlators

da[”]
= D dexV T w, y, 1)
A i€{q9,9.8}

J(w, y, ) contains both vacuum and medium jet dynamics

Initial state effects can be
iIncorporated through
nuclear parton distribution
functions or parton
distribution function in pp
collision
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Factorization for energy correlators
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dt Hg (1) X (O) } ﬂ[v] ‘ X> < X‘ { —ij(t) dt'Hg /(1) )?n,l(o) } g_iHnst-

Glauber interaction Glauber interaction
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With order by order expansion in Glauber Hamiltonian we can separate vacuum emissions from medium induced
jet dynamics

I w, ) = TN, 0) + T N, 60+ |
T =05GeV

vacuum medium induced an

d*k, 0. i
(27) S[V]()(, ki ,L) @ B(k)) 10~ 109
]‘CJ_[G@V]

J [”]()(, L) = [ 101

Allows for dynamic treatment of the medium B(k) = Jd“r e* " (prO%r)0%0))
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Medium induced jet function

virtual
S w, k) = SHCnw, k) M7+ (S 0.k) —SH(nw, k)| 60 |4 W = (z¥ — vz) [6(y) — 6(y — 07)]

real emission

-~

=0

S[ql;g()(a , kJ_) — S[ql;gR()(a ), kJ_) T SEIU&R()(a ), kJ_)

Real diagrams contribute to both contact term and finite y terms

Virtual diagrams contribute to contact term only

Real and virtual contributions cancel against each other
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In-medium jet function: A case study

For the case T K L
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Distinct behaviour in two limiting cases
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For smaller v values jet function saturates

Scaling behaviour in vacuum
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Debye screening mass appears through soft loop contributions in Glauber propagator

Leading scaling behaviour is enhanced compared to vacuum jet function
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Contact term

For the case T <K L
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Contact terms are enhanced by the length of the medium

Contact term depends only on the medium properties in 7, < L limit
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For 7, > L jet function has strong dependence on the length of the medium
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Medium induced jet function

Small v point energy correlators are more sensitive to large angle radiations

For small v values correlators saturate at v = 0.01 L=5fm

‘ Balbeer Singh ? % ? 15 USD



L-correlator ratios
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Scaling behaviour of v-correlators
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v < 1 has stronger scaling behaviour comparedtov > 1
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JEWEL Simulation
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Summary

. U-correlators can be pivotal for separating the dynamics of large and small angle radiations. Similar to
vacuum anomalous dimension may probe medium evolution

. Smaller v values are more sensitive to large angle radiation comparedtov > 1

. For T K L smaller v value correlators are enhanced

. Correlators for smaller v value saturate at v = 0.01

. v-correlators can be useful to quantify medium response dominated by soft dynamics

. Higher order calculations of jet function will provide more insight on the impact of resummation with a
precise knowledge of scales for resummation
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Measurement function

For two particle final state measurement function is defined as follows

MW =y W0 + ), Wy, )6y = 07)

L)
a=1,2 i1<i2

single particle weight function v

W[IV](la) _ la

a)V

Two particle weight function
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%gj](ll, 12) — i 2
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Environment operator
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Jet and medium functions

. Soft/Medium function explicitly factors out
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BFKL evolution equation

. From RG consistency the jet function obeys BFKL evolution equation

V] 2 alv] Scale for jet function
I/’dS[U](kJ_’ 1/) _ CZS(IM)NC JdZZl [ SIV (ZJ_, 1/) kJ_Sly (kJJ 1/') Qmed
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Medium function

. Medium function can be obtained from spectral function which can computed in perturbatively and

can also be evaluated on lattice

B(k,) = DS(k) + DI(k)

- In SCET framework spectral function is obtained from soft
operators in the medium and also depends on the local properties

of the plasma through soft operators

p
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. 1
dTJd3x e’K'X<
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D_ (k) is Weightman
correlator in a thermal
medium and depends on

the properties of the
medium
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