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The Monte Carlo @ Heavy Quark Generator
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The Monte Carlo @ Heavy Quark Generator

Bulk Evolution: non-viscous hydro (Heinz &

Quarkonia Kolb) - T(M) & v(M)

suppression
MP

Evolution of HQ in bulk : Fokker-
Planck or reaction rate
+ Boltzmann
(no hadronic phase)

Quarkonia
rescattering




The Monte Carlo @ Heavy Quark Generator

Bulk Evolution: non-viscous hydro (Heinz &
Kolb) » T(M) & v(M)

MPQ HG

Evolution of HQ in bulk : Fokker-
Planck or reaction rate
+ Boltzmann

D/B formation at the boundary

(no hadronic phase)

of QGP (or MP) through
coalescence of ¢/b and light
quark (low p;) or fragmentation

(high pq)
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Model in a Nutshell: HQ Interaction with the bulk

* No force on HQ before thermalization of QGP
e Hydro evol => macroscopic parameters T(t,h,xT), v(t,h,xT), u(t,h,xT),

* In QGP: heavy quarks are assumed to interact with partons of type "I"
(massless quarks and gluons) with local 2—2 collisional rate:

B / dBAI /, d3pf
Ri= ?E ‘32L 27)32k J (27m)32FE"

n; (k) x (2?-)48)(‘”(P+h — P —K")Y (M| — @ Inside
...depends on the QGP macroscopic parameters at a given 4-position (t,x).
We follow the hydro evolution and sample the rates R; "on the way",

performing the Qg—Q'q' & Qg—Q'g’ collisions according to Boltzmann:
Monte Carlo approach

* In mixed phase: Rate = /g4 ogp X Rate at end of QGP
* No D (B) interaction in hadronic phase




Oldies on
Collisional Energy Loss...

suffers from customary choices



Cross sections

Starting from Combridge (79) as a basis:
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However, t-channel is IR divergent => modelS




Naive regulating of IR divergence:
1 X 1
t ot — 2
Models A/B: 2 customary choices
w?(T) = mp? = 4no (1+3/6)XT?

With u(T) or u(t)

ocS(QZ)—>{O.3 (mod A)
a(2nT) (mod B) (= 0.3)
JE TMev) \p(Gevirc) 10 20
coll (C) 200 0.18 0.27
dx 400 0.35 0.54

... of the order of a few % !



‘ Results for model B:

s i
0 2 ﬁ 6 8
> Evolution — beginning

of cross-over
N.B.: Overshoot due to coalescence
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< > : Cranking factor of
the collisional rate

One reproduces the R, , shape at the price of a huge cranking
K-factor !!!



Calibrating on HTL... permits to
fix the effective mass u



Braaten-Thoma: HTL: convergent kinetic

(Peshier — Peigné) (matching 2 regions)
Low [t|: large distances
] i b, t*|  Large [t|: close coll.
HTL: ; ;

collective Bare

+
modes propagator
P, ' .
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A In QGP: g?T2> T2 !

BT: Not Indep. of |t*| !
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Propagator )
mismatch

Our solution: Introduce a semi-hard

e— propagator 1/(t-v?) for [t|>|t*| to
attenuate the discontinuities at t* In

BT approach.

Prescription: v2 in the semi-hard prop. is chosen such that the
resulting E loss I1s maximally |t*|-independent.

This allows a matching at a sound value of

t*| =T



Model C: optimal u?

aE
— (GeV/Tm)
dx

0.4

THEN: Optimal choice of p in our OBE model:

/ a (27;)
t-xxms (T)
(Xs(ZTCTz ;,Lz(T) ~0.15 mDZ(T) - —~——
L — p” ; -

with my? = 4o (2nT)(1+3/6)XT? e

dEcoII (C) ... factor 2 increase w.r.t. mod
dx B (notenough to explain R, ,)

Convergence with “pQCD”
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Running a ...

Motivation: Even a fast parton with the largest momentum P will undergo collisions with
moderate g exchange and large o (Q?). The running aspect of the coupling
constant has been “forgotten/neglected” in most of approaches



...asymptotic freedom and infrared
slavery

Strateqgy /

1. Effective o (Q2?)

2. “generalized BT” / convergent-kinetic => dE/dx

3. Fix the optimal IR regulator in propagator  o.;(z)

l.e. in t-channel, fix the optimal « f _@%(T)
/ J
Y
Self consistent mp, (Peshier hep-ph/0607275) / u2(T)

mDself2 (T) = (1+nf/6) 4nas(mD5elfz) XT?



Model E : running a, AND optimal p?

» Effective o (Q?) (Dokshitzer 95, Brodsky 02)

f
Observable = T-L effective coupling * Process dependent fct

“Universality constrain” (Dokshitzer 02) 1
helps reducing uncertainties: Qu

/ dQa(Q*) ~ 0.5
Q?<Q3

Qeff

Additional inputs (from
lattice) could be helpful

2 2
2 /-1 \ 1 7 e

IR safe. The detailed form very close to Q=0
is not important does not contribute to the
energy loss

Large values for intermediate
momentum-transfer



Model E : running a, AND optimal p?

e Bona fide “running HTL”: a, — a(Q?)

dE
—(GeV/fm)
dx

HTL +
semi=hard

TI

Brute BT: Not Indep. of [t*| !

station. /I
P

ntroducing semi-hard propag...

Qef (1)

Qeff(T)

f

t — Am3(T,t)

..leads to stationary results

L ~o AN L “HTL
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S Tl B
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T(MeV) \p(GeV/c) 10 20
dEcoII (C/b)
dx 200 1/0.65 1.2/0.9
400 21/1.4 242

Of the order of 10 %
of energy



Model E : running a, AND optimal p?

dE
—(GeV/fm)

» Optimal regulator:

HZ(T) ~ 0.2 mDseIfZ(T) |

1—k(1+ 2)47m a1 T? T=0.25GeV
03F iip=0.76GeV
p=20GeV/c
1 I 1 1 K

1
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‘ u-local-model: medium effects at finite T in t-channel

Semi-hard

p3
Qlefr(t)

t — am5 (T, t)

dE
—(GeV/fm)
dx

el insensitivity
HTL +
semi-hard station.
1.5 "
\
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OGE with effective
polarisation
H2(T):O-2 mDseIfZ(T)

mDself2 (T) = (1+nf/6) 47IOCeff(mDseIf2) T2

" Bona Fide running HTL:
2 i P, % ag> ag(t) in T, and Iy

HTL;
collective
modes



Differential cross sections

Qq ->Qq dOcgocq (a

1.x107
1.x10°

100000.
« standard »

/ --- a2, utnd(T)

—— a(2nT),x%=0.15mZ (T)
== a(t),s?=m] ¢ (T)
= a(t),u?=0.2m3 ¢ (T)
- - a(t) &
u?(t)=0.11%6m+a(t) T2

T=0.4GeV
a(27T), p=mgoo It
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doeg-
c9~cy (a.n \
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1.x10’ —==  a(2nT),xd=md(T)
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1.x106° ——=  a(t),pt=md . (T)
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100000. [ NN\ —- alt) &
N\
> p? (£)=0.11%6m*a (t) T2
10000
standard T=0.4GeV £

1 2 3 4 5 6

RPA +

Large enhancement of both cross
sections at small and intermediate [t|

Little change at large [t|

N.B: Non perturbative aspects
(beyond Born). Usually in

convergent Kinetic:

~|---
.

Ladders necessary at short
distance (large force)




u-local-model: Eff. Running o vs IQCD
T=0 |u(r) = O. Kaczmarek & F. Zantow (KZ) (n;=2
v QCD), P.R.D71 (2005) 114510
12 }
1 Genuine non-pert (flux tube)
08
y | optimal p, running o,
iy V:0=0 sector; dE/dx: finite o
i ) 003 0.05 01 0.7
Finite T
dVv dv
— [GeV/fm] — [GeV/fm
r g T~11T, ar M 115 T
8 V=F 8
4 KZ, PoS LAT2005 (2005) 192 4| large distance
i Uleff 20 Ol -
01 02 o5 1o 'ml 01 02 r[fm]

Merging at =2 T,



Running o, : some Energy-Loss values

dE_ (c/b
co.a( ) 200 1/065 | 1.2/0.9 energy
) 400 21/1.4 | 2412
wm  Drag coefficient
Transp. Coef ...
1.000
0.500 §(GeV?*/fm)

_____ c—quark

010 i ) L
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1.0 50 100 50.0 000
p(GeV/e)
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C: optimal u, a (2nT)
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mmmem c—quark

model E; K=1.8

_____________ T
2] " ——
T=0.2GeV
) 2 5 10 20 50 100
p/mgo

. of expected magnitude



Transport coefficients

)p(1/fn)

(2nT)xD, Diff. coefficient

ae=0.3
o wm N[ &Te VHER (T—-mat.) == o= o=

**" VH&R (reso)
ks I" -

10 0100 \ 200 100 T 020 025 030 035 040 045 050
Long. fluctuations cHifiofl: One way of : i i
g implementing running o\ “E- Optimal p, running o ¢

C: optimal p, o (2nT)

B1(GeV?/fin.c)
100p

c—quark

10f

Running a, and Van Hees &Rapp:
roughly same trend

1

o.1f : mod C — mod E - AdS/CFT
L T=0.3GeV .
. . a5=03 Evolution ? Not so clear
1.0 50 100 50.0 100.0

p(GeV/e)



Probability P(w) of energy loss per fm/c:

P (w)
100. ¢
With gluons ——> 5 ¢t T-0.4GeV
1. F po=10GeV/c
With quarks 0.1 rk3+g
0.01 S
P(w) B R
oo’ @ o \‘3
; _ 0.0001 P N T Y
10. | T=0.4GeV Ty
1. F po=10GeV/c
0.1 c-quarks+q ) i
\ : Large fluctuation tail
0.01 g
0.001 s NN
0.0001 SN L w(GeV)

0. 2. 4. 6. 8. 10.

O - hard transfer due to
u-channel



Running o : theoretical uncertainties

dE
— (GeV/fm)
dx
2_
1.5F
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Dark zones: PP



Experimental observables



Model vs R, (Au-Au, all centralities)

15

1.0

RAA lept

Tuning: Cranking the interaction rates by “empirical” K-factor

a5 (t); k=0.2
e PHENIX A STAR

Au-Au central; = €rans min

LSSy

15

RAA lept

AU—AU 10_20%; —)Etrans min
e (t); k=0.2
e PHENIX |

Raa
1.5¢

1.0

lept

AU—AU 20—40%; —)Etrans min
aer(t); k=0.2
e PHENIX

0.5 ‘ 05 05| ¢ N
~ »

e rate a e/etrjnax L e 1ale @ €/€irmax e rate @ €/€imax ‘T v

== = CSt rate é == = CSt rate == m CS{ rate ) ) )

2 4 6 8 2 4 6 8 2 4 6 8

Al T « T < -
. pr(GeV/e) _ pr(GeV/e) pr(GeV/e)
TASA lept RAA lept
' AU-AU 40-60%; >€uansmin - 157 AU-AU 60%—...; ~>€trans min

1.0

0.5

aef(t); k=0.2

", | PHENIX |
W

K=2

e rate @ €/€ymax
== = CSt rate

1.0

0.5¢

aef(1); k=0.2

e rate o €/€tr max + K=2

2 4 i} 6
pr(GeV/e)

== = CSt rate |
8

2 fl- ; 6
pr(GeV/c)

Syst. Error due to p-p

Customary choice for

our present analysis

* One reproduces R, , on all p+ range with cranking K-factor ~2
* Data compatible with AE o path-length L in stationnary QGP.




v, for tuned model :

vy lept

0.15‘--— all  Au+Au; 200 GeV; min. bias / V2 (nearly) Compatlble Wlth

= e<D<B Boltzmann—>eans min (rate a €)

o= = eh runﬁ.a;u:o.z,rféexa experimental data (20% missing)
- - ?\
\
" . J TN v, builds until very late times,
000 s PrlGeV/c] while R, has already
L - o: Phenixz;iun—4
oot o Phonix fun_7 / saturated
007k Au+Au; b=7 fm; ©* Raale)

LAt 209 GeVie
"]

0.06r 1 2 L =M —

22% .
0.05¢ 38% 1.0

rate in mixed phase cst
0.04¢
08¢
0.03 o6l
decay Hadronic Phase QGP ' s
e
0.4} —"—-
- ———"’

0.2}

=45 GeV,
: : : f : : " " : Lo pr evfe Raa(c)astable for €4 < 0.5 G—e'\//fm3
0.10 0150, 0/6.30 050 070 1.00 150200 300 A——o

Rate o ¢ in MP

Reasonable hope that v, will agree with data when hadronic phase
Implemented




Corona effect and Beyond

How Opaque (or Translucid) is the (S)QGP ?



Probing the energy loss with R, , at large p+:

* large p+: mostly corona effect (?)

* Naive view (b=0):
Opaque

Transparent Thickness: a X A(T,S)

e Two Kkinds of (theoretical) “observables” to understand:

» «Forward»: Cuts on initial variables (position, momentum,...) and
look at consequences for final quantities

e Backward: Cuts on final variables and observe initial quantities

~ Back. —-
D o=
D W G 7 time 9




Probing the energy loss with R, , at large p+

(dn/dpt)finaj/(dn/dpt)initiaj

Transverse plane

All analysis: Au+Au at 200 A GeV & b=0 fm

* Forward: focus on c-quarks produced within various coronas

Path-length dependenc
(of course, built in, but.
survives the “rapid” coolir

r-"(fm): 0-2 fm
r-"(fm): 2-4 fm
r-"(fm): 4-6 fm
r+"(fm): 6-8 fm

The stopping depends strongly on the
€ position where the HQ's are created

g)  The spectra at large p are insensitive to the
HQ's produced in the center of the plasma

Very few Q produced in central zone come

< out... however, more quarks produced than

at periphery



..answers may vary depending on T and p

Decreasing for

~ Cst at periphery => robust corona
* Challenge: tagging on the “central” Q, 1.e. getting closer to the

Ideal “penetrating probe” concept: ).é}




Probing the Energy Loss with R, , at large p+

* Backward Analysis: tag on final p; and builds the distribution of initial
positions In transverse plane

77 dry Glauber (no cut)

= p;1">5 GeV/c
p{">8 GeV/c

= P1">10 GeV/c

S R -
r+"(fm)
Probability peak for r-" ~ 5fm:
STRONG CORONA EFFECT

However: finite contribution from the
center (hot zone), larger and larger at

. How to better access them ?
high p;



Q-Qbar Correlations ‘

~ back

L, <L, = (4p,(Q)) < (4p,(Q))

* Reversing the argument: selecting  (Ap_ (Q))
might bias the data in favor of “central” pairs

22

(Ap; (Q))

Possible caveat:
tangential events

—> Need for a detailed
study




Q-Qbar Correlations

Average transv.-dist. to center as a function of Ap;"" for various p;"
30

= Statistically
E 20 urelevant 5fm
£, Indeed some (favorable)
s bias for init py" > 5GeV/c
o 4tm | /v and “small” Apfir
i |
R

Hope to probe hotter regions of
the QGP

A‘_.-lllllaiﬁil

o 5 10 15 20 25 30

P (Q) = pI'(Q)

However: No access to p;" 1!




Q-Qbar Correlations

. ) fin fin /&~
Best ansatz: pl'Q - pfn =T (Q);pT Q)

Average transv.-dist. to center as a function of Ap;"" for various p;™

Statistically

irrelevant

Bias towards Central
/ production:

Excluded

/

[<4 fin

4 fll

D Conclusion: Favorable bias for
T e

‘ av. p:"" > 8 GeV/c and “small”
Bias towards Tangential @ AD Ff)lﬁ
.

production



Q-Qbar Correlations: back to r distributions

0.08
0.06
0.04

0.02

1 Glauber

p;™ > 5 GeV/c (singles)

Ap_l_fin<0.2 ﬁ_l_fin

0.08
0.06
0.04

0.02

4 6
rp(fim)

Glauber
p;™ > 10 GeV/c (singles)

Hyper-Corona

fin > 10 GeV/c (double)

p-fin> 10 GeV/c AND
Ap_l_fin<0.2 ﬁ_l_fin

/ HT

p-fin > 5GeV/c (double: one already improves!)
P">5 GeV/c AND

e Final cuts lead to
various distributions
of initial position

 One nearly recovers
the Glauber profile for
most severe cut



R With Q-Qbar Correlations

Usual ratio: = Raa(C)

Nb(Au+Au) oo — Running o,
NbBo*NB(PP) 0.500} - - - Fixed o Usual flat
singles
0.100F \\ —VFF0m—m——e—=—=
0.050¢ .
= - double
0.010} no Apy selec.
0.005} — : :
7 |Apr| < 0.1 X Zpy Rise Wlth Pr although
—pp——y—————————— noselection ! Different
/ oroor 2 PTE Gevye) behaviors are due to
2 fluctuations

More and more transparent at
large p; for HQ from center

Close to experimental prediction but not yet (Hadronization, NLO at
the time of production, background substraction,...)



(Induced) Radiative for HQ

1) Approach of increasing sophistication

11) Ultimate goal is to have “simple”
effective model that can be implemented
In Monte Carlo simulations => need for

analytical formula

111) Mostly centered on HQ



Basic (massive) Gunion-Bertch

Radiation a deflection of current (semi- classmal plcture)

————————————————————————————————————————————————————————————————————————————————

“ikonal I|m|t '
(large E, . (66666

| > = > - e > o >
moderate q) P % P’ 2 % PP % P
| q q | : q
(a) (b) (c)
Bo=¥! N.ag Jac do?1 Dominates as small x as one “just” has to
rad = = 5(1 —2) x QCD el _ ,
Y Aok L dg? 1 2 ' w2 dq* scatter off the virtual gluon k

2

.th J()}('n B ( k| ki —q) )

T 2 2A12 T

WI W \ﬁL-i—.r M +([- "'ny"g/ (}| —u.\ +1‘€‘.I2/+{1—1\lmfl
Gluon thermal mass ~2T (phenomenological; not Quark mass

in BDMPS) X /

Both cures the collinear divergences and will
Influence the radiation spectra



Formation time for a single coll.

/{{{ggg‘p ;<:—‘ b~ ( 2(1 — z)w

= = e = = —
P % P P g P ' P g ki — @)%+ 22M?2 + (1 — z)m?2
q q 1 q
(a) (b) EL _________ ( o
) 20(1 — x)E
. ! sing ~ :
At O deﬂeC'[IOH f.sing 'ﬂ?’é + r2M2
For x>X,,~my/M, gluons
radiated from heavy quarks
/ singlfM] are resolved in less time then
. 25 u "~ N\E=10GeV those « light quarks and
For x<x,=my/M, basically |, | I

no mass effect in gluon i . gluon == radiation
radiation N process less affected by

, coherence effects in
0.5F b . ;
/\N . multiple scattering

\

Dominant region for quenching ~ Dominant region for average E loss




A first criteria

]‘}".Sing[fm]
254 u E=10 GeV

2.0F

s} %c\ \ A(T) Comparing the formation time

LOF

(on a single scatterer) with the
O'SM ) mean free path:

0.2 0.4 0.6 0.8 1.0

Coherence effect for HQ gluon radiation < % > myAg ~ Ji

max(/ ) fin]
(l Or

Maybe not completely
foolish to neglect

M=0 GeV/ M=1.5GeV_~

T=0.25 GeV

Mostly /¢ =03 — coherence effect in a first
coherent round for HQ.
Mostly (will provide at least
st T om > TOT | ameimal vale o
physics behind %) RHIC LHC the quenching)



Radiation spectra

2 o<1 YNT : Q .
L Tanqenr  2Neas | (1 it ) . dod’ ... to convolute with your
dwdq? m 3m? dq? favorite elastic cross section
. @:l m2 = (1 — x)m? + 20?2
For coulomb scattering: s = /g

rad

[fm~!]

dx dw
: N T Strong dead cone
— nght quark L;. HE00 GV g_?_ / effect for x>m /M
——  c-quark ' LT | (mass hierarchy)

—  Db-quark

Little mass dependence
(especially from g—c)

2 .'l""(‘{:_] S AT 2
d“I&n 2N 1 (1)

If typical q,~T :
yP 9. dz dw 3 8 m?2 + x2 2 . A
g \,—’

:> dbgp(Q)  ANeas, — 08p E Strong mass effect in the average Eloss
dz 0 MA+p  Ag (mostly dominated by region 1)

Interesting per se, but not much connected to the quenching or Ra.



Probability P of energy loss w per unit length (T,M,...):

W
|| () [fm ™)
dz
5.000 c—quark
Cood ; P=10 GeV
: [ T=04 GeV
05G0F
’I \\\\
0.foo} o
0;{)50 ' collis.._

/ ..-\f _____ ’
A0.010 SN
/ 0.005} \
! \

----------------- w [GeV]




iC
_photon!
Raa lep )‘ “O“ ph
1.5 1S Au-Au; central
I e‘gctro Boltzl:nanllll—c::t,.a:smin 1
N run. a; (x=0.2, K=1)
1.0 / S [ ] PHENIX A STAR
0,€[0.2,0.3]
2.
0.5
2 4 6 8 10 3
Pr[GeV/c]
Raa lept
LSp Au—Au; central
Boltzmann—>€,., min
run. a; (x=0.2, K=1)
1.0 L ] PHENIX A STAR
., Radiat + coll
“Q‘* b quarks as<[p.2,0.8]
0.5 i /
T e B wd e A, Y,
2 4 6 8 10
Pr|GeV/c]|

Results

Too large quenching; good as we
obviously overestimate the radiative
Eloss

Radiative Eloss indeed dominates the
collisional one

Flat experimental shape is well
reproduced

separated contributions e «— D
and e <— B.



Results

vy lept o o
_ collerad GB Au+Au min. bias 1. Collisionnal + radiative energy Ios§ +
0.12k== radiat GB Cegp(t); K=0.2 dynamical medium : compatible with
=== collis @, rad=0.3 data
0.08 . Shape for radiative E loss and
504 rescaled collisional E loss are pretty
' similar
0 — > 3 ' 3. To my knowledge, one of the first
L . . -
Ly pr(GeV/c) °: Phenix&un—él model using radiative Eloss that
—0.04
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Basics of Cohﬁerent Radiation

Subject of numerous (mosty numerical)
Investigations

See Peigné & Smilga (2008) for some
analytical results pertaining to HQ



Formation time In a random walk

—— - Phase shift at each collision

![(

One obtains an effective formation time
by imposing the cumulative phase shift to

For light quark (infinite matter): be @, of the order of unity

=IR
W dec

[f,mult(q + g) — lf,sc'a.t.(q + g) ~ 2\/ (} => 3 Scales If,mult’ If,Sinq &' }\d

Iy CD X/ 2
25 lfsing .s==""""" d*1 “UE%I\-I = MNgi) ~ Agp® ~ T
20 (UL.PM ) :: -7 Smul 7 l
5 e Suppression:
10 L A / \ pp ,
: WLPM w
0.5 \/ » l“( . )
3 1 “ “LPM
: = : - - wla.u.]
\ 04 0.2 gi 04 P (D>
Uncoherent  Coherent Especially important for av. eneray loss
radiation  radiation dBgomes(@) 1 [wrew)  dEcs(q)
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Formation time and decoherence for HQ

2w (I)(lec
%ﬂﬂgﬂ'w <:| [fmult(Q_}_g)i 5 2 2 .2
\/ wWqPgec + ‘;Ez + ﬂfer’

“Competition” between

» decoherence” due to the masses: -m.?] - 1‘2J[2

» decoherence due to the transverse kicks (Qi) — [f‘mult q

“m.g + 22 M*

q
One has a possibly large coherence number N, := k¢ /A but the
radiation spectrum per unit length stays mostly unaffected:

———————

Special case: A< lfpus < Lep =

of length l¢ . ;r = N — dzdw ot N, Compensation at leading order !

coh

LESSON: HQ radiate less, on shorter times scales but are less affected by coherence
effects than light ones !!! (dominance of 1rst order in opacity expansion)



Formation time and decoherence for HQ

Criteria: HQ radiative E loss strongly affected by coherence provided:

T mg + 22 M2 ] ,  wIM?\?
Lrmue (@) 2 LGep = F EqU|Va|ent {0: lraing(@) 2 2L = (m; + 2 ) S
I ¢[fm] / (mé+x2M %) Low Energ Int Energ 5
4 . -
Int Energ e L -
sl E=20 GeV -
3 ¢ quark "’,?"f.nm“ ------ High Energ
y e YN T
0.2 05 10 20 50 1p.0 200 wlGeV] 0 I X
. qE* )E
wipn(E) = [ 5= : :
ten () (m 3 regimes (2 for light quarks)
o ! Intermediate energy: I High energy: HQ
Low energy: radiation ! behaves like a light one;

from HQ unaffected by

coherence I
|

. |
coherence affects radiation on
an increasing part of the * coherence affects
I radiation from o, py, ON.

spectrum (up to o, pp*) :
Mmg M M4

r-‘* e X o E* . o —— i —
“NO-LPM -— ¥ ~ LPM -— .
q 9s q




Exo-1pm & Efpy [GeV]

Hierarchy of scales:

Regimes and radiation spectra

Evpnle) < Efo_1en(@Q) < Efpu(@Q)  larger coupling = Larger

T

T

100f
1ol Int Energ: partlal suppr  bo=s
------------------- i S
1 emeeee ="
c-quark Low Energ: GB
0.15 0.20 0.30 0.50
T [GeV]
Spectra
A2l 4 X2 decrease
dxdz (DC)
I
A\ B
GB :
| >
— 1 X
X =My/M

Y

T (&)<t coherence effects

_ 10} High Energ: total suppr.
> |T=====
Q—’ T R e _
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[__:“‘ -
2 100} Int Energ: partial suppr .

§ 11| - - Runnlngocs

A
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A x12 decrease A x12 decrease

|

C 1 X Lightqglimit 1 x

wipm(E) = (] ”4)3 Effective higher o for av. E loss




“Semi-quantitative model.

i 1

For l; .., gluon is radiated coherently on a
distance |

f,mult

Model: all scatterers acts as a single effective

~e . ___- -7 one with probability py..,(Q,) obtained by
, convoluting individual probability of KICKS

2 F<<] AT . ’, - T ~

(d fq) L2 (1 @)Y i e e S/T .
Zaw - Q212 N?: ~ T Y / ]
dﬂ' dw coh erf.ll'llllt 3”1.5, PNoop, g 9 \T il)c_l_ec’ s

After averaging: Prevents radiation of gluon of
Pl 0w (] N2 formation time > ¢,
dzdw — N\ " 3 (m2 + 22 M? + /wq)

« Compares well to the BDMPS result (N,,,>>1) for light quark (up to some color
factor => rescaling), including the coulombian logs.

* Naturally interpolates to the massive-GB regime for N, <1.

* Incorporates all regimes discussed above.



Reduced spectra from coherence

dl dl :
dzde Td0 Dc_)r_mnf';mt
14} Ll LemTTTTTE modification at
Lol ‘T=250 MeV, E=10GeV b T=250 ng/, E=20GeV mid-x
1.0 1.0} B N
N == Y | >*
0.6f 0.6} \ B
0.4} K 0.4} ",
o c—quar ool c-quack
0.05 0.10 0.50 1.00 5.0010.000CeV] 005010 050100 sootooo ~ “IGeVI
dl
dzdw
:> . Suppression due to coherence I
Increases with increasing energy L2p |
10F
08} “8 " More DC
l : Suppression due to coherence oo effect
decreases with increasing mass N b—quark .
0.050.10 0.501.00 5.0010.00 a)[GeV]

In (first) Monte Carlo implementation: we
quench the probability of gluon radiation by the
ratio of coherent spectrum / GB spectrum



Results with Coherence Included

e< D

Au—Au; central
Boltzmann—>€,.ans min
run. «a; (k=0.2, K=1)

10 ® PHENIX A _STAR
Radiat only

c—rquarh(s

0.5 0.<€[0.2,0.3]

2 4 6 8 10
Pr|GeV/c]
RAA lept
LSE Pl Au—Au; central

1.0

0.5}

Boltzmann—>¢€,,s 1, in
run. «; (k=0.2, K=1)
[ ] PHENIX A STAR
Radiat only
b-+quarks

0,€[0.2,0.3]

Py[GeV/c]

nic
Raa lepta)) non-P‘“’m

1. Some moderate increase of Ry

for D at large p+.

2. No effect seen for B

Conclusions can vary a bit depending on the value of
the transport coefficient

Confirms that RAA at RHIC is mostly the
physics of rather numerous but small E
losses, not very sensitive to coherence .

electrons

1.5 |1|¢fl[‘ Au—Au; central
HH | | | Boltzmann—>€qans min
;"- - run. a: (k=0.2, K=1)
o m P le A STA_R
|8 radiat|+ coll
I
y 0,€[0.2,0.3]

L-|J ‘ li.J

Py[GeV/c]




What Is (really) missing ?

 (0-opacity correction and transition radiation that partly
compensates and lead to an effective retardation of the energy loss.

« Better Monte Carlo implementation for radiation caused by
multiple collisions.

 Finite path Length effects : In practice, formation length are of the
order of a couple of fm => HQ emanating from the corona have a
path length L< |

f.mult



{Radiative + Elastic} vs Elastic for leptons @ RHIC

El. and rad. Eloss exhibit very different E and mQ dependences. However...
o, & 6,4 cocktail: rescaling by

o, alone rescaling: K=1.8-2.2
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QGP properties from HQ probe at RHIC (the bad and the
good news from our messengers)

Gathering all rescaled models (coll. and radiative) compatible with RHIC Rx:

A=dP./dt[GeV/fm]

the drag coefficient reflects the
average momentum loss (per unit
time) => large weighton x ~ 1
Present RHIC experiments
cannot resolve between those
various trends (model fragility)
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