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In Medium Gluon Radiation

e 74 < L, BDMPS-Z (Nucleus-Nucleus)

Baier-Dokshitzer-Mueller-Peigné-Schiff-Zakharov (95" — 97")
Landau-Pomeranchuk-Migdal (LPM) effect (53" — 56')
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BDMPS-Z at NLO

e 7y < L, p,-broadening and radiative energy loss at NLO

L? L
<p3_>:(jL[ 1 +as(ln22+1n+0>],
I3 lo
LO NLO

2

L
NLO ~ 0.75LO, §— q<1 + o, In? 12) AE ~ L?T
0

NLO: Wu 11; Blaizot, Mehtar-Tani; lancu; Wu, TL, Mueller (13" -

pL=0 /‘/\/\/\N\/‘ Z,w ‘])ZL\/’
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Radiative Energy Loss in pA
e T > L, (Proton-Nucleus)

— Arleo & Peigné (11' - 13)
J /1 suppression in pA
— Liou & Mueller 14’
Dijet and J/1) energy loss in pA

Proton

LSS

Nucleus
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Energy Loss in pA

Radiative
dr| _ 1 wdoy? 1 wdogs 20,Ne | BQs
w—| =— - =
dw qq 0;?4 dw Nucleus Ugig dw Proton m 2wM
1 1
/ dw dar ==
o dw a2
For the LHC, M ~ 7GeV, Qs ~2.5GeV, as ~1/3
w Qs ™ ;
— = — ~ 5%
E oM P ( 2ach) ‘
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A Short Review: Leading Order

BDMPS-Z Formalism

Z|,W
P+,p1 =0 pypy P+ M
0 ; ? | %
I I
I I
I I
Momentum Broadening Energy Loss
dN dE dl
2 2 _ 4
<pl> /d plpldQ =qL e /w%d(quL
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p.-broadening at LO

0 2L —_—>0

S(x) = zg = ; ; OL = exp(—qLa? /4)

Transverse momentum distribution

dN dQJ)J_ —ipL @l
dQPL _/(27'(')26 S(.’IJJ_)
dN .
(p1)= /dQPLPi — =—V2 S(z1) =qL
d b z ) =0

S(z,) at NLO ?
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Extra Gluon Radiation

> |

- Eé

d 2 d d 2
Gluon Emission: /—wdzzL# ~ / aw ‘QZJ-
w )2

Interaction: ~Single Scattering 2%

S = Double Log ? Yes!
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Gluon Emission Amplitude

Dipole Form
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Interaction: Single Scattering

E——— 50 T
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Sterman-Weinberg jets

Sterman-Weinberg '77, Stevenson '78, Weeks '79

A/* q—p2 7*
q q

P2

Jet cone 20, energy fraction €

O2jet 2045/ x%—i—x%
L dridre ——1 "2
Ttor 3t Jigep (L —x)(1 - a2)
dovg 1.1 1 w2 5
=1- 4ln=In— —3In=-+ — — =
37r[ Mo T PME T Ty
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Double Logarithmic region

Gluon Formation Time t = wz?
1 w
2 2
a): >R —, t> —
(a) - - qL qL
()+(d): lo<wz2<L, Ilp<t<lL
1 w
b) : w2l < — t< .=
(b) 20< Z
t A
| W
1 B !
| (b) |
: A (a) :
bl = o'\ _:
o .
G2 GloL a2 w
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Double Logarithmic Contribution

Region A: Single Scattering. Region B: Multiple Scattering.

<p2L> = _ins(ml)

$L_O

gLt 2
CAL/ dt/ dw_ s CAle(L>
lo qt lo
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Full BDMPS-Z Calculation

LPM Effect (A+B)

ach

d
wd—S(zL,w): Re/ dzg/ dz1Vp,, VB,
w

By =z, |Bii=z

A2 ~ 2
[efqzi<L722)/47‘”Lzl/4@(32¢, 22;B11,21) — Go(BaL,22; B11, Zl)]

By =0 1By, =0

In Single Scattering Region (A), Confirm the Double Log.
Additionally, Extract Single Log.
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Full result

as N,

L?  a4N, 8mil 1
2 ~ 2 siVe 0
<pJ_>NLO = ey qL1n E +

jp | m e 2
T [nx%L 3

1
dz [ G L
—(—=-1)|In— l Al
+/0 x(mG ﬂIllU*’C (lo = Ao)
Rough Estimation:

L ~5fm, m~300MeV, mly ~ 1, 2G/xG ~ 1, 2% §L ~ 4, a5 ~1/3

(P po = 0.754L

Double Log Resummation in Large N.:

| 4 1 ag N, L?

2 N siVe

<pJ_> q OZSNCIHI;—; 1|: = n l%:|
0
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How to Interpret

N, L?
2 —dl1 Qg c127 I
oty =a(1+ e

New ¢

e Renormalization of § ? (Blaizot, Mehtar-Tani — '14)
New Scaling for Energy Loss (DL Resummation, Large L)

asN,

AE ~ gL?* (LO) — gL**7 (NLO-Res), =2
us

e Evolution Equation for ¢ ? (lancu — '14)
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Summary

p.-broadening (BDMPS-Z) at NLO
(p1) = GL(1 +1n?)

Renormalization of ¢

New Scaling AE ~ L?™7

Energy loss in pA, AE ~ E
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