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strong suppression of high p; hadrons — commonly
interpretated as QCD bremsstrahlung




Introduction

» so far only analytic calculations of QCD bremsstrahlung
» prominent interference effect: non-abelian LPM-effect
> analytic models largely limited to leading particles

» subleading jet fragments will be accessible at LHC

» subleading fragments likely to discriminate between
different microscopic mechanisms cojectured to underly
jet quenching — essential for characterisation of
medium properties

> allows to characterise jet-induced modifications of
medium and to disentangle jets from background

— need MC model for jet fragmentation in a dense QCD
medium including coherent bremsstrahlung
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The Elkonal ApprOleatlon description of

coherent
bremsstrahlung

Kinematical regime e e

E >> w >> |k|) |q,| Z /\QCD Closer look at

analytic calculation

Consequences
elastic scattering:
eikonal
t=(v.q),q) e q A(q)

potential scattering

inelastic scattering;:
2
o > A e
. . = |A(q)PR(k. q)
Gunion-Bertsch

cross section
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FU” Gluon SpeCtrum description of

coherent
bremsstrahlun,
BDMPS ASW gluon distribution in path integral e
formulation:
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Wiedemann, Nucl. Phys. B 588(2000),303

Closer look at
analytic calculation

d3/ as CR u Jdg n(&)o(u)
= vk- I
Y odk 2§R/dy|/dy|/due
&o 7
u=r(%)

/Drexp z/d§ ( n(§)o ()>

=K(y=0,y;;u=r(%),|w)

dipole cross section:

o) =2 [ Sl A@P (1= )




Opacity Expansion: Prologue deseription of

coherent

bremsstrahlung

» expand gluon distribution in powers of n(&)o(r) P
Aorinna app
» NB this is an expansion in numbers of interactions and
not in numbers of scattering centres
. . . . . Closer look at
> set g = —o00, where £ is the projectile production point [T
> set
ng for0<¢<L
n(§) =
0 foré<Qoré>1L

> elastic cross section of a scattering potential

dg 2
Ve = [ (352 1A(@)
> notation for transverse energies:

K (k+q)
=0 =
2w 2w

» convention: in each order N label the last interaction as
i=1 and the firstas i = N




Opacity Expansion: Results

Zeroth Order

d3/(0)
“dwdk
no vacuum radiation for £g = —o0
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Opacity Expansion: Results decription f
bremsstrahlung
Zeroth Order e e
d3/()
Ydwdk syt calculation
no vacuum radiation for £g = —o0

First Order

d*1D Gy . / dg

Ydwdk 72 (27)2 (IA(q)!2 - Vtoté(q)) R(k,q)

Gunion-Bertsch + correction to zeroth order (which
vanishes, as it should)




Opacity Expansion: Results

Second Order

d3l(2) asCR 2 dq; ,
Ydwdk 2 /1;[1 (27)? (IA(q;)I - Vtoté(q,-))
noL)® 1 —cos(L®Q
l( o) R(k +q1,q2) — Q2(1)R(k+q1,q2)
1
1—cos(L@
* 3Q(I)R(k, q, + q,)
1

21—cos(LQ1)
Q2
coherent and totally mcoherent production

interference factor ng interpolates between totally

-+ again corrections to zeroth and first order
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Opacity Expansion: Coherence deseription of
coherent

2 1-— COS(LQ]_) 0 for 1 = ]_/Ql < L bremsstrahlung

o2 = 2 Korinna Zapp

0 Q% % f0r7-1:1/01>>L l Zapy

Closer look at
analytic calculation




Opacity Expansion: Coherence deseription of
coherent
2 1-— COS(LQ]_) 0 for 1 = 1/Ql < L bremsstrahlung
02  — 2 Korinna Zapp
No Ql (no2L) for = 1/Q1 > L Ko Zapy
incoherent production (73 < L): S
analytic calculation
d3l(2) s CR 2
“dwdk /1;[ 3 (|A@)] ~ Vierd(q))
R(k + ql q2 7(33

P




Opacity Expansion: Coherence

n21 — cos(L@y) _ { 0 form=1/Q1 <L

Vtoté(ql)

0 Q? % form=1/Q1> 1L
incoherent production (73 < L):
3/(2) 2
/ s i
dwdk w2 ) (2m)?
L 2
><(n02) R(k+aqy,q;) — &

y

coherent production (71 > L):

d3l( asCR dq
_ = (1A -
“ dwdk /H (1A
nol
x( oL Rik.ay + a2)

f?
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Number of radiated gluons deseriprion of

coherent

bremsstrahlung
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incoherent limit
1 L ’j_l L Closer look at
> <Ng>J = . () e_L/AEI - analytic calculation
(J - ]-)' AeI )\in
> interpretation: produce gluons in inelastic processes and
let them scatter elastically (formation time vanishes)

coherent limit

L/LY

> ()= = (=) e L/ Aapinel
Weli = j (Ae|> !

> interpretation: probability for j momentum transfers
times probability that coherent action of all momentum

transfers is inelastic




Number of radiated gluons deseriprion of

coherent
bremsstrahlung
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A =10fm, A =0.0fm, L =13fm
inel el

Closer look at
analytic calculation

— BDMPS (incoherent limit)
— — MOC (incoherent limit)

— BDMPS (totally coh. limit) | |
- = MC (totally coh. limit)
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very good agreement between analytic result and MC
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Lessons |earnt description of
coherent
bremsstrahlung

» momentum transfers during gluon formation time act
coherently
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» during formation time of a gluon no radiation of
el Closer look at
add|t|ona| g|u0nS analytic calculation
» gluon radiation probabilities in coherent and incoherent
limits




Lessons learnt

» momentum transfers during gluon formation time act
coherently

» during formation time of a gluon no radiation of
additional gluons

» gluon radiation probabilities in coherent and incoherent
limits

» only gluons that are formed inside the medium can be
radiated (from &y = 0 case)
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MC algorithm for BDMPS-ASW case

1. generate trial emission {w,k} and determine its
formation time 7

2. generate all momentum transfers during formation time
keeping track of changes in k (done iteratively)

3. if no scattering was found reject emission
otherwise weight emission with probability that coherent
sum of momentum transfers is inelastic

4. reject radiation if formation outside medium

5. repeat with rest of path length in medium

» in BDMPS-ASW vacuum radiation can be subtracted
> first test: AE o gL?
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Energy loss

Mgy =01 fm, & =0.001 fm, p =0.2GeV
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E__ =20GeV
proj

E__ =40GeV
proj

E, =80GeV

E, ., =140GeV
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Summay & outlook

» our MC algorithm quantitatively reproduces analytic
results in eikonal approximation
» number of radiated gluons
AE up to factor O(1)
shape of gluon spectrum
transition from coherent to incoherent regimes

v vy

» can be generalised to realistic kinematics

» done for case without vacuum radiation
» interplay of bremsstrahlung with vacuum radiation
requires extra care: work in progress

> treats radiative and collisional energy loss on equal
footing

» part of JEWEL MC
> will be implemented in SHERPA
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Opacity Expansion: Path Integral deserption of
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lC(r,y|;F,)7|\W) =
Ko(r,yi; 7, %|w)

M
~ [aene) [apKotr. v o, z0(pMKo(o, €: 7. 71)
Yi

Summay &
outlook

i i
+ [dein(er) [dean(@2) [dpy [dpaKolr. i préale)
Y &

1 1 o
X 50(/01)/%(01, £15 P, €z!w)§0(pz)/Co(pz, &2 F, yi|w)
Kolr i 7o ile) = e
rynyw) = s—F=———e "
o\rsyi: r, yi 2m(y| — y|)

generates the multiple scattering terms
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