oy,

ing

jet

quench

Power count

to

ing

Varun Vaidya

ity of South Dakota

Univers

XXXX

based on 2408

ingh

Balbeer Si

Tan

Mehtar-

Felix Ringer, Yacine



Pb-Pb 0-10% R=0.4 ALICE

1.4  m ALcE Vsyy = 5.02 TeV [this publication]

y ® ATLAS VS, =5.02 TeV [PLB 790 (2019) 108-128]
T T 12— O ATLAS Vs, =2.76 TeV [PRL 114 (2015) 072302]

A CMS Vs =2.76 TeV [PRC 96 (2017) 015202]

correlated uncertainty
shape uncertainty

:
: R ]
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* \We can use the jet
to access the
mIicroscopic 0 — T | I ——
structure of the

107 10°
strongly coupled Py o [GEV/C]
QGP.




Key questions for jet evolution in QGP

 Separate the perturbative physics from
the non-perturbative by scale

Jet
 Parameterize the non-perturbative

physics in terms of Gauge invariant

operators — e.g the PDF in DIS, Drell Yan,
Higgs production etc.

* Prove (disprove) universality of hon-
perturbative physics across jet observables

— Universality gives predictive power !

We rely on EFT approach to factorization — Explicitly separate physics at
widely separated scales to all orders in a..



Goal of this talk

 Can we factorize jet evolution in Quark Gluon plasma by scale?

Jet




Chapter 1

Anatomy of a

vacuum jet

Re{00503}<<1

\ Particle Jet Energy depositions ~ 100(s) of GeV

P In calorimeters



Tree level

Hard Process Hard Scale

f(x,Q%
Parton Distributions




The parton shower

« Parton splittings preferentially happen at small angles —" collinear”

» Selecting events with a jet of radius R sets the angular scale for collinear splittings.

Hard collinear

2 2
Parton Shower p (pTR) Jet Scale

Hard Process P ~DPr Hard Scale

f(x,Q%
Parton Distributions




Decay of

unstable
particles \‘\

Hadronisation

R
. P"~Nacp

\/

P>~ (pTR)2 Jet Scale

Parton Shower

Hard Process

P~ Dr Hard Scale

Parton Distributions




A separation of scales

d Upp—)jetX

L Z d s
PT ma (-Ta, u) / 2. fb(g;b, 'u,) Physics at scale A, cp
xmln T

min J}

b

dprdn

a,b,c

dz AZ
X [_H(Za xaa xba //t) -Jc(za pT? R9 //t) —|—0(R2) + (0 och
< (prR)?

Hard function Jet function at p,R
at pr

The semi-inclusive jet function in SCET
and small radius resummation for
inclusive jet production

Zhong-bo Kang, Felix Ringer and Ivan Vitev
JHEP 10 (2016) 125



RG Flow

Time like DGLAP

Space-like DGLAP

AQCD PDF




Chapter 2

Introducing the
QGP medium




Jet \R <1

o QGP temperature T
~ 300 — 800 MeV

OmDNT

L ~ few fm



The basic hierarchy

jet pr il perturbative ~ 100(s) of GeV

—

pPrR perturbative ~ 10(s) of GeV

—

A ocps T, m non-perturbative ~ 100s of MeV
QGP/Nucleus » LD

Varun deanof Sth akt - ' 1 '



Coulomb like instantaneous “Glauber”

1
e (1) gluon exchange 0

~ - i kJ_

' o Elastic forward scattering
j/.\\ © Medium induced radiation

© Typical k; ~ my,

0 . ki
Angle of deflection 0 ~ — < 1
0,

@756{ O An EFT with 0 as the expansion
A . parameter —
i\




Ww
RO .

kj

o AP e

' © Omegq — Total average transverse kick
I per parton 2> my,
| o For a dense medium, perturbative?




l“.... 1
© Critical angle of the medium 6. ~
OmedL

.6‘.. ! O Energetic partons separated by 0 > 0. act

@( S v > - ' X as independent sources of medium
' iInduced radiation




The updated hierarchy

jet pr il perturbative ~ 100(s) of GeV

S prR, p;60. == perturbative ~ 10(s) of GeV

P/Nucl
QGP/Nucleus Omed == perturbative/non-perturbative ~ 1- few GeV

Aocps T,m, ™= non-perturbative ~ 100s of MeV

Varun deanof Sth akt - ' 1 '



Chapter 3

Jet propagation
In the medium




Parton shower ) ,
P~ (PTR) Jet Scale Hard collinear £ ~ p;, 0 ~ R

Hard Process p2 ~ p% Hard Scale

f(x,Q% f(x,Q%)

Parton Distributions

© The hard process and parton shower for scales ~ pR
remain unaffected by the medium



The physical picture

5 kJ' p*~ Q?ned Medium Scale
o 5 collinear soft @ ~ R, £ ~ Omed/R

.
P ® P2~ (prR)? JetScale
. ﬁ@‘@j 1 M6 L Hard collinear £ ~ p;, 60 ~ R

p2 ~ p% Hard Scale

f(x,Q°%) © Each hard collinear parton separated by 6. acts as a

2 ;
med ,,

source for collinear soft radiation at virtuality ~ QO




p*~ AZQCD Hadronization

P2 ~ Q?ned Medium Scale collinear soft

p2 ~ (pTR)2 Jet Scale Hard collinear

p2 ~ p% Hard Scale Hard radiation

f(x,Q% f(x,Q%)




do4 ~ietX _2pr dz, L dxy
Z/ fa xanu‘)/ fb(xba ) B

dprdn pmin min T P

b

%
X [_ H(z, X, Xp, /4) Hard process — Wilson coeff at p- 2
<

o . ,

X J Z dw}Jdeé(w} — W;— €) Z S (0,n,0) S, (€,1)+ O(R?) + O

Wy m=1

.

Medium induced
Create m prongs — Wilson coeff at p+R energy loss function




Correlator of m Wilson lines

- + 00 - Q .
U(n) =Pexp |ig / dsn - Acs(sn) Sm fo a":
L0 _




Chapter 4

Separating the
medium from the jet




Looking inside a single prong S,
S = TrlU(n) UG) AU (7) U‘f(n)]

* E~ Omed/R, p*~ Qrzned — Collinear Soft

Medium partons and dynamics
* 2 2
E<Omed: P~ Y%med

A separation in rapidity

An effective field theory for forward scattering ' Defines an effective action for CS, S d.o.f

and factorization violation t leadi i th tteri le O
. Rothstein, I. Stewart, JHEP 1608 (2016) 025 at léading power In the scattering angie



Collinear Soft S, =Tr lU(n) Un) X UT(ﬁ) UT(FL)]

J JHdt = Jdt lHCS + H + H(C;S_S] + st@ . (sn)

il e D
J Medium induced

CS radiation along world
line of hard prong

Forward Scattering of CS off Soft

[ q
wB k* v,C




So(n, e, 1) + szk

| All order Vacuum n
. cs radiation

5’1(11, e, ki, pu,v)

All order CS + Soft
radiation with
Single medium
Interaction

m medium
iInteractions



~ Single interaction

Bk, V) = szrleiﬂMO?(mpM 04(0))

Oy =S, ~S7y !

A gauge invariant operator definition —
Wightman correlator at LO

- - d
Single medium — | 42
interaction J1n v Bk, us V) Jd q, Kprxr(ky, u )ABuy, p,v)

asﬁ()
‘%(kj_a H I/) — = %(kj_a M I/)
d1n u T

S(n,e,k,v) - Soft limit of GLV at LO, obeys BFKL evolution in



Medium Jet RG Flow

Time like DGLAP

jet
function

Virtuality DPr R

Threshold

Omed Omed

Rapidity



pPr Pri Omed
4|___|—|__—>

dprdn Aj \;

Universal
medium physics

Observable

dependent

do

Nuclear PDF

Perturbative

Qmed
Non Perturbative?

Emergent O med scale?
Further matching to T?









Interaction between d.o.f s is dominated by forward(small angle) scattering mediated
by the Glauber mode.

An effective field theory for forward scattering
and factorization violation

- 2 . Rothstein, I. Stewart, JHEP 1608 (2016) 025
LQCD o LCOZlinear T Lsoﬁ T LGlauber + O(X )

= Lgcpr + Lg

|
L, ~O{ =0 ?an

1

Gauge invariant building blocks P



A single hard prong

2 p) 2 2
i, p- ~ (prR) P” = Ched
7 i
Ji(Za Wy, /’t) — l[ dG)}[dGé(a)} — Wy — G)ji—ﬂ(na a)}a /’t) ®6’n Sl(na € = (1 o Z)a)}a /’t) + ..
oy
For a quark jet
(04 CF //tz (0 CF q 4aSCF /42 aSCF 4
qq _ _ S | s = —0(1 — In |
yfq_q o(l —2) > (4 In 27K | 3) . (1+2) /s, (1=2) ) wIR> 2n (1-72),

=

Consistency of factorization

a4 —
}/jq—ﬂ T ’s, = qu

RG running leads to a resummation of threshold In(1 — 7)



© Mean free path of a jet — average
distance between successive

interactions — emergent scale.
© Dilute medium Ay > L

© Dense medium Amfn < L

|
° Asumption : Amfn > > Successive
Mp
interactions with color uncorrelated
medium partons

Vo —_—



logk,

A

Vacuum Jet scale py;R

Hard collinear £ ~ p;, 6 ~ R
Collinear soft £ ~ Omed/R, 0 ~ R

Typical medium Q..
transverse kick

> ] 1
i 0g —
0

Jet Critical
Radius Angle



Coherence time

© Quantum coherence time of radiated
0,

parton f. ~ —
q1
© No quantum interference for ¢ > ¢,

© t.> L, strong quantum interference —
LPM suppression




Step 1 : Identify the relevant degrees of freedom.

 The jetis made up of collinear partons PX

P~ @ (1,x2,x)

X
JE, \
« QGP is a bath made of soft partons

R
p.~ P2 (x x, %) pz

X Py

JE,

Step 2: Write down an effective Lagrangian at leading power in x(expansion parameter)

* Interaction between d.o.f s is dominated by forward(small angle) scattering mediated

by the Glauber mode.
. D,

e 2 :
LQCD = Leollinear T Ls()ﬁ + LGlauber + O(X ) /\ )

Tree level Glauber exchange




1 [ dk™ - :
_J Jd4xe—zk YTr 0?()6)05(0)@@ Model independent and

med( Ky) = K21 2x universal !

e SCET Operator version of color source density function pA in the CGC

= T(/d?(u k1S(ky)
' (@ -Fu)? 203 (@ - KL

BFKL equation

V.Vaidya 2107.00029

....... l\/}% ] | 2 ) ;’ 
! d le@- ,_1 S(A T s P Running of the QCD
dp T coupling
One loop corrections in the thermal w~kj

medium using Real Time formalism


https://arxiv.org/abs/2107.00029

