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® Oiriginally a hard parton (quark/
gluon) which fragments into
many partons with virtuality
down to a non-perturbative
scale where it hadronizes

LPHD: Hadronization does not
affect inclusive observables (jet
shape, energy distribution etc..)
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® |nclusive jet observables determined by two scales:

the jet transverse mass M, = FE0,q

non-perturbative scale Qo ~ Aqcp

® Color coherence (destructive interferences for large
gluon emission) =™ successive branchings are ordered

in angles,
ejet >0, >..>0,




— MLLA,/ . SN =455 Ge

*  OPAL, v =91 GeV
MLLA,/ ' Ao 7 Ge\

" TASSO, vs = 14 GeV

Inclusive h bles d TASSO Collaboration, Z. Phys. C 47 (1990) 187
nciusive Jet observables deter OPAL Collaboration, Phys. Lett. B 247 (1p9

the jet transverse mass M, =Ef;q AO limits

phase space
for soft

emissions!

non-perturbative scale Qo ~ Aqcp

Color coherence (destructive interferences for
gluon emission) =™ successive branchings are ordered

in angles,
ejet >0, >..>0,



THEORY STATUS OF JETS IN HIC
v Models QGP

Theory
i

® Radiative energy loss of high-pt partons...a piece of a
jet, bUt nOt thel"e yet! A AR R R R R R R R R R AR AR RARARARARAREE
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Jets in HIC (New LHC results)
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dijet asymmetry A; =

(I) Significant dijet energy asymmetry
(Il) Soft particles at large angles
(I11) medium-modified fragmentation

T — B




® There are attempts to model in-medium jets in MC: JEWEL, Q-
PYTHIA, MARTINI, YaJEM, etc...based on various assumptions on how

multiple parton branchings occur in the medium

tA

Late QCD

1N

Shower interacts

courtesy of J.

Additional \| Additional Modified Casalderray-
splittings e-loss splittings Solana

Early QCD
Shower

MARTINI, Boltzman PYQUEN, I.Vitev T. Renk, JEWEL

Is it reasonable to assume a separation of these processes?
+key ingredient is still missing: Color coherence effects
(Quantum interferences)

We need guidance from theory!




THE ANTENNA RADIATION PATTERN IN MEDIUM
(DE)COHERENCE

Interferences of multiple emitters in the jet

QGP

Simple set-up: Consider a pair of hard partons
produced inside the QGP (Ist branching)

Q: What is the spectrum of gluons radiated
off the pair (2nd branching)




ONSET OF DECOHERENCE
- SOFT GLUONS

1
Decoherence parameter: Amea ~ 1 — exp[—— Qs il

Amea — 0 Coherence (vacuum)

[See K. Tywoniuk’s talk]

—h —
© N
| I B B

medium-induced
radiation

vacuum
radiation

o 'w dN/dwd6




ONSET OF DECOHERENCE
- SOFT GLUONS

1
Decoherence parameter: Amea ~ 1 — exp[—— Qs il

Amed — 0 Coherence (vacuum)
Amed 1  Decoherence

= Suppression of interferences (opens up phase
space for large angle soft gluon radiation)

[See K. Tywoniuk’s talk]
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ONSET OF DECOHERENCE
- SOFT GLUONS

1
Decoherence parameter: Amea ~ 1 — exp[—— Qs il

Amea — 0 Coherence (vacuum)

Amed @1 Decoherence

= Suppression of interferences (opens up phase
space for large angle soft gluon radiation)

= geometrical separation! _[See K. Tywoniuk’s talk]
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|) Independent emissions!
2) “Memory loss” effect




HARD SCALES IN THE PROBLEM

Q. =qL ri = 0q4qL - a two scale problem!

rp < Qs_l (Dipole regime) ° r; > Qs_l (Decoh. regime)

A

Oq¢q T . TQs_l
'

screening
Aog ~ 1 length

| = quL

Q-: characteristic momentum
scale of the medium



WHAT WE HAVE LEARNED

M| =FE0e N gL = mp \/Nscat
Qo ~ Aqcp

In-medium color correlation length L

jet transverse size g
A -

-
-
S -~
/”

1

Color transparency for r; < Q. or Ojer < 0. ~ m
q

Y. M.-T, K. Tywoniuk, C.A. Salgado (2010-2012)
J. Casalderray-Solana, E. lancu (201 1)

—1
Decoherence 71 > Q).




FACTORIZATION Of MULTIPLE GLUON BRANCHINGS
IN THE OPAQUE LIMIT (TOTAL DECOHERENCE)

J.-P. Blaizot, F. Dominguez, E. lancu,Y. M.-T.
arXiv: 1209.4585

® For a large (dense) medium L —00 ¢— o0

® The medium resolves every single parton inside the jet

r. > Q!

Multiple gluon branching are independent

no angular ordering!




MEDIUM-INDUCED GLUON RADIATION
BDMPS-Z Spectrum

Amplitude
X
(Amplitude)™




MEDIUM-INDUCED GLUON RADIATION
BDMPS-Z Spectrum

Laudau-Pomeranchuk-Migdal (LPM) interferences  the medium does not

| resolve the gluon dipole

I .

| | when the transverse size of
| the pair is smaller than the
| medium resolution

I

1
G At
k3 ~ gAt

: ri (At) <

0

The gluon-quark system scatters coherently on the medium during the
(branching) time




MEDIUM-INDUCED GLUON RADIATION
BDMPS-Z Spectrum

AN 4CFaS d2 (4 q*
5 Plk—q, I —t _
(2m) R = / / g, L — 1) sin <2k§r> eXp( k2.

Y. M.-T., C.A. Salgado, K. Tywoniuk (2012)
* prob. of acquiring mom. k after & P(k,¢) = %W -
* branching time tpr 15
Baier, Dokshitzer, Mueller, Peigne, Schiff (1995-2000) Zakharov (1996)

e Static scat. centers

Mean Energy loss | A classical
broadening!

AE ~ agz g L*
L




DECOHERENCE OF MULTI-GLUON EMISSIONS

. . . t
decoherence time branching time o tbr

839)_1/3 tbr \/g °
A \

1/4
typical angle for medium-induced gluon g5 = (%) 2

| td _ tbr [See J.-PI. Blaizot’s talk]

incoherent emissions coherent emissions




DECOHERENCE OF MULTI-GLUON EMISSIONS

— tpy —

decoherence time  branching time

939)_1/3 thr = \/g

Probabilistic Sch c=>» a EAL
= FropbabllistiCc dcheme — - n Stbr

incoherent emissions coherent emissions




Probabilistic picture

Lo Lo

O

trans.mom. broadening

medium-modified splitting function
@ resummation of length-enhanced terms

e soft gluons decohere rapidly in the
medium

* In-medium splitting function * Relative pT at branching time

K4o(q—2zp, 2) = :D%PAB(Z) sin [(q — zp)2] exp [_(q — ZP)2] ki = \/2(1 - 2)pTGes

2k? 2k?

Generating functional for n-particle distributions
(fragmentation fct, correlations, etc)




Master Equation for Generating Functional

Z(p, L —to|lu) = A(p™, L — to) / P(p' —p,L —to) u(p’)

(2 )2

L
+a3£ th(p+,t—t0) / o )2P(p —p,L—to)/(zd:)z

K(q — zp'|z) Z2(q, L — t|u) Z(p" — q, L — t|u)

T —




Master Equation for Generating Functional

Z(p, L —tolu) = A", L—to) [ PP —p, L - to) u(p)
(2m)

ta /Lth(p+ t—t,) ldz/ P o — L—t)/ 94 j(q— 2p|2) 2(q, L — tu) Z(p’ — q, L — tu)
S to bl 0 0 2 (2'”)2 p p) 0 (271')2 q p q’ p q’




Master Equation for Generating Functional

Z(p,L—tolu) = A+, L—to) [ 2P {P@ —p, L — to) u(p)
(2n)

L
dp’ dq
+ ¢ — — »n — I _ —
+a3[0 dt A(p™,t to) /2 )2‘Pp —p, L to)/—'(2 2 K(q — zp'|z) B(q, L — tlu) Z(p’ — q, L — t|u)




Master Equation for Generating Functional

Z(p, L —to|lu) = A(p™, L — to) . P(p" —p, L —to) u(p’)
(2m)

L
+a, [ dtAGtt-t) [ / jf)2P P -pL-t) (;iTq)g@(q - zp'@zm, L—tju) 2(p' — q, L — t}u)

e Sudakov form factor:
dz

Prob. not to emit A(pT,L —ty) = exp [—as(L — tp) / — IC(z)]
(Unitarity) 0

e ————




Application |: gluon distribution

* Integrating over / A2

transverse momenta: s Plk—q,L—1)=1
(27)

0, L dz

9 2(B, u) = a / ZK(2) [ 2(:E, w) 2(1 - 2)E, u) — Z(E, w)]

oL )




Application |: gluon distribution

* Integrating over / A2

transverse momenta: s Plk—q,L—1)=1
(27)

0 ' dz
< 2(B, u) =0, /0 ZK(2) [2(:B, w) 2(1 - 9)E, u) — Z(E, w)].

e Gluon distribution D(ZE’, E) — ZEd—N _ w5Z(E7 u)

dx ou(w) lu=1

o, /01 %K(z) [D(f)ﬂ)(l:) —D(m)]

Similar €q. postulated: R. Baier; A. H. Mueller, D.Achiff, D.T. Son (2001) S. Jeon, G. D. Moore(2003)



Application |l: Correlations

* 2-particle correlations inside the jet

02 Z(E,u)
du(wy)ou(ws) lu=1

D(Z‘l, 5132) = W1W9

0 B L dz T1 T2 x1 T2 ‘
- Dlai,zz) = [ LK) |D(2,2) +D(2)DGE) +sym - Dlas, 22




V' In the limit of a dense
medium, parton branchings
decohere due to rapid color
randomization except for

strongly collimated partons

(unresolved by the medium)

SUMMARY

ML EE@jet

Color transparency for r; < Qs_lor Ojer < 0. ~

1

V4L’

—1
Decoherence 71 > @,

V' In the decoherent limit: Factorization of multiple gluon

emissions. Probabilistic picture: Master Equation

Generating Functional for jet observables

= Monte-Carlo Implementation




