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Motivation and context

» Most of the interesting HF observables so far: located at intermediate p;
(=3 GeV-50 GeV)

> Intermediate p;: hope that pQCD (or pQCD inspired models) apply (as compared to
low p-)

» Intermediate pT: mass effect still present and thus hope to learn something more as
compared to large p;

-

Braaten-Thoma + : Eiqite E+ BDMPS-Z
Gunion. Bertsch gfcf):ft;ence Intermediate finite mass GLV,ASW,’...
~ Bethe-Bloch+ corrections ~ L PM

Bethe-Heitler

|
Approach pursued in our models... Unfortunately too many of them

=> Need for falsification (more observables; IQCD): Azimuthal correlations ?



Motivation and context

=> Need for classification and effective parameters




Insufficient control on energy loss theory in QCD

Basic ingredient in the derivation of QED collisional Eloss; transverse force

In QCD: non perturbative « corrections » even at large HQ energy
P

In most models: P / .

High-E HQ ¢i < V(g) x z%5

Lattice QCD : ><\ Static scattering center
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Significant r-tail in the transverse force acting on the high E HQ




Our basic ingredients for HQ energy loss

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

Effective a,,(Q?) (Dokshitzer 95, Brodsky 02)

1

1L / d0a. (0% ~ 05| “Universality constrain”
Qu Q% <Q3

(Dokshitzer 02) helps

Qeff . ..
reducmg uncertainties:

T-L

2Gv2
_2 -1 \ 1 , 9 (GeVT)

IR safe. Q?close to 0 does not
contribute to Eloss

Large values for intermediate momentum-
transfer => larger cross section
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One gluon exchange effective propagator,

designed in order to guarantee maximal
insensitivity of dE/dx in Braaten-Thomas scheme

dE
—(GeV/fm)
dx

1’ \

HTL + 1
semi—hard \

~ -~ \\
~
N ”
:?‘ hard
~
i ~*h (=0
- semi—hard e
i -- - 1 (A=0.11) , 1 J

0.02 0.05 0.1 0.’2 0.5 1 2
Ir*] (GeV™)

T=0.25GeV
| 1p=0.76GeV
p=20GeV/c




Insufficient control on energy loss theory

Non perturbative « corrections » even at large HQ energy
P

In most models: P /

) . As
High-EHQ o < V(@) x
Lattice QCD : ><<\ Static scattering center
1= dv
3 5dV(r) 0 E[GeV/fm]
(.l'qq(I) = 17 Ir I 10 T~1.1 TC
:; O Kaczmarek & F. Zantow 8' V=F
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Our force 1s close to the one extracted from the free energy as a potential

=> Allow for some global rescaling of the rates: “K” fixed on experiment



Running o : some Energy-Loss values

T(MeV) \p(GeV/c) 10 20 ~ 10 % of HQ
dE,, (c/b) 200 1/0.65 | 1.2/0.9 energy
ax 400 21/1.4 | 2412
Drag coefficient (inverse relax. time) Transport Coefficient
&(Geﬁ‘l"z,t‘fm)
] mmme —(quark model E, k=0.2
| =
D 2_________..—-'""__;——-_-T:l.]-.;;ev
Nailve 2 5 10 20 50 100
pQCD p/mg
e (Svetitsky) ... Of expected magnitude to reproduce
L , the data (we “explain” the transp. coeff.
Loos o s in a rather parameter free approach). -

po (GeV/c)



Schematic view of « Monte Carlo (@ Heavy Quark » generator

MC@.HQ ¥ suppression | —_| Bulk Evolution: non-viscous hydro (KH,
EPQOS,...) > T(M) & v(M)

MP% HG

Evolution of HQ in bulk :

| 7/

| ,’ Fokker-Planck or reaction rate
D/B formation at the _+ Boltzmann
boundary of QGP (or MP) (no hadronic phase)

through coalescence of ¢/b

Quarkonia formation in

and light quark (low py) or
QGP through ct+c—>Y+g

fragmentation (high p;)

fusion process

N

~

47 b/Gev?)
dp;

prob. coal. :

2w pr

1.0

— b, m,= 100MeV
08¢ m== b, mu=200MeV .
oo e 100MEY —__| (hard) production of heavy
0.4} === mg= 200MeV quarks 1n initial NN

I.=165MeV

0.2F

collisions + k- broad. (0.2
i 2 3 ! ’ GPQ/mQ Gevz/ COH) ) 0 ) 0 ) %
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0.0
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Elastic D mesons (@ RHIC

=> Allow for some global rescaling of the rates: “K” fixed on experiment

Raa(D)
50l Au—Au @ 200 GeV/c; 0-10%

--------- col, K=2
1.5} 1.

1.0}

0.5}4°

0.0]




Elastic D mesons (@ RHIC

Raa(D)
2.0

1.5}

Au—Au @ 200 GeV/c: 0—80%

1.0}

0.5}

| MC@HQ V507

0.0|
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Elastic D mesons (@ RHIC
Jaroslav BielCik

= ____ for STAR collaboration vy (D)
32 30~ Au+Au 200 GeV ® /v 20-60% min. bias (Au+Au; 200 GeV)
N e X STARD'0-80% || " EL (K=2)
> T caqukion. B ALICE D' 30-50% ssesss )
= om G Quark doesn't flow

A & 000% 0.12f

light hadrons| -
{\Jgh adrons 0.08

0.04

i i . . . MC;@HQ V307 .
S S S—- 0 1 2 3 4 5
p, (GeVic) pr(GeV/c)

Rather little contribution from the light quark in our treatment... but conclusion
may depend on the parameters (m,, wave function)

3
Coalescence according to extended N, = d"pg Py
Dover framework 2rh)’ E, uo

(PRC 79 044906) X Fo(po, Pq), 1

~ fq<xQ P21 R,




Elastic for leptons (@ RHIC

Rana lept
1.5¢ i Au—Au; central
Boltzmann—>¢€;,,,< min
i) run. a3 (k=0.2)
K !"mﬂ.k' . ® PHENIX A STAR
UUUU gl CDH
u LYy K=2
0.5} ?
u oo . L
ul - T
L
MC@HQ V307 : : * .
2 4 6 8
PrGeV/c]

Good agreement for NPSE as well
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Elastic for leptons (@ RHIC

vy lept
0.15f mmmm  coll, rate X 2 Au+Au; 200 GeV; min. bias
Boltzmann—>€,,s min (rate « €)
010l run. a; (k=0.2)

0.05¢

0.00

—0.05¢%

5 ; i PrlGeV/el
]

B ®: Phenix jun—4

MC@HQ V507 B: Phenix Run—-7

Some contribution from D meson rescattering ?

(see J. Aichelin’s talk)
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Elastic Eloss (@ RHIC

We “explain” it all provided we allow for a multiplication of

our pQCD (inspired) cross section by a factor 2...

—————— - o I I
oo b 1% Deur et al. (PLB 2008)
277 o f
Oeff 0.0 [}
Our choice - 1
04+ A JLab CLAS \
1. > ;
S-L T-L 03| ¥ JLab PLB 650 4 244 ]
O O /T world data 1111
O_-J L ¢l - Q--
x a.s',F_?/TE e h
------ GDH limit . 1T o
OOOJ; - pOCD evol. eq.
0.08
0.07 + o /T OPAL
‘ 0.06 - ’ | {
-2 -1 1 107 1

O (GeV)
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Induced Energy Loss

Generalized Gunion-Bertsch (NO COHERENCE) for finite HQ mass,
dynamical light partons

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

Eikonal limit (large k k
E, moderate Q)

dPore N.ay Jdcp | dol? Dominates as small x as one “just” has
“ o2 Ldq? = T2 (I —z) x v dq? to scatter off the virtual gluon k’
2
. Jgen _ kL B kL —qu
with w? ]".Jz_ + 22 M= + (1 - l?i’;é) (/?L — (TL)Q + 2202 + (1 — lz.‘)mg
Gluon thermal mass ~2T (phenomenological, Quark mass
not in BDMPS) X

Both cures the collinear divergences and influence the

radiation spectra (dead cone effect) 15



Incoherent Induced Energy LoSS

... & finite energy !

— mg=1.3 GeV — 1 (exact)

= mg=4.5 GeV

f :’I:% [Gevz]

e
(p+=20 GeV)

> 4 6 s 10 12 14
V3 [GeV]

Finite energy lead to strong reduction of the radiative energy
loss at intermediate p+ 16



Incoherent Induced Energy LoSS

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

o (w) 1) HUGE differences expected
dz
5.000 c—quark
Lood \\ P=10 GeV
4 | T=0.4 GeV
0.500F
! \\
0.foo} oo
q,bso ' collis._
! h-\f~._‘__ .
0.010 ARY
/ 0.005 \
4 \
................. W [GeV]
) 2 4 6 8

Caveat: no detailed balance implemented yet
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{Radiative + Elastic} vs Elastic for D mesons (@ RHIC

Raa(D)
50l Au—Au @ 200 GeV/c; 0-10%
--------- col, K=2
I | (I . col+rad GB, K=1.3

1.0}

L ‘h
L - -
- iy -
- -

""h
-
-----
_____

Ll m o m momaom

| MCeHQ V507

2

pr (Cev/e)

K coming closer to unity if radiation included
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{Radiative + Elastic} vs Elastic for D mesons (@ RHIC

Jaroslav Bieléik
for STAR collaboration

—_— I |
32 30 Au+Au 200 GeV @ J/V20-60%
o = = M.He 0-60% % STAR D’ 0-80%

[~ ==+ ¢ quark flows

== ¢ Quark doesn't flow

A O 0-80%

B ALICE D' 30-50%| |

- +\ - _Eght hadrons
L) A _\-Jg':.r;-
# \~ ]

8
P, (GeV/c)

2 (D)
min. bias (Au+Au; 200 GeV)
El (K=2) EL+GB.V3 (K=1.3)
0-12- EEIEEEE D ] D
------ c — ¢

0.08F
0.04F

| : : : MC@HQ V507

0 1 2 3 4 3

pr(GeV/e)

Rather little contribution from the light quark in our treatment... but conclusion
may depend on the parameters (m,, wave function)

3
Coalescence according to extended N, = d pq Pq - = fq(xQ Pq) (V2T R )

Dover framework
(PRC 79 044906)

X FCD(va pq)a



{Radiative + Elastic} vs Elastic for leptons (@ RHIC

Rana lept
1.5¢ Tl Au—Au; central
Boltzmann—>¢€;,,,< min
| run. a3 (k=0.2)
1.0 I"Jimhl r s SIENLX - SR
. = H .
u uuu K=2 |
K=13
0.5} ?
u oo " e
Om o i 0 o '
MCe@HQ V307 : : * . '
Pr[GeV/c]

Good agreement for NPSE as well
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{Radiative + Elastic} vs Elastic for leptons (@ RHIC

vy lept
0.15f mmmm  coll, rate X 2 Au+Au; 200 GeV; min. bias
=wueecoll +rad. GB (x1.3) Boltzmann—>€,,s min (rate « €)
run. a; (k=0.2)

Fyp

0.10¢

0.05¢

m
i

0.00 . . . :
"R > ] . 5PT[Gn;a‘ﬁ.f/'c]
o = ®: Phenix Run—4
—0.05L MCe@HQ V507 B: Phenix Run—7

No lack of elliptic flow wrt pure elastic processes
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Incoherent Induced Energy LoSS

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

(W) . HUGE differences expected
Wl [fm™ "]
dz
5.000L c—quark
Lood D dint P=10 GeV
: - N radaiat. —
05010 _ \;\'~ —T=04 GeV
’l \\\
0.foo} oo
q,bso ' collis._
Y | h-\f'-....__ o
£.010 AN
/ 0.005 \
/ \
................. W [GGV]
-2 2 4 6 8

Where are they ? 22



Conclusions from RHIC

» Good consistency between NPSE and D mesons (10% difference in K
values)...

» ... within a model with mass hierarchy
» AE radiative < AE elastic

» Present data at RHIC cannot decipher between the 2 local microscopic E-loss
models (elastic, elastic + radiative GB) = Not sensitive to the large-w tail of the

Energy-loss probability (thanks to initial HQ distribution)
dP (w)

w|———= [fm™!
|w] q [fm™ ]
11 7 5000 ] C—quaﬂ(
Fo_kker Planck | Gy
I'eglme (1)‘200 \ rpdiat. ~T=04 GeV
54 "
N ke ' ”
ofoo} ) hard scattering
U,'b30' collis...| regime
! h-\/ _____ ’~
H.010 AN
/ 0.005 \
w [GeV] 23




Giving coherence a chance

Coherent Induced Radiative

Formation time picture: for |, >, gluon is
radiated coherently on a distance I; .,

Model: all N, scatterers act as a single
effective one with probability py..n(Q )
obtained by convoluting individual
probability of kicks

P ,.
d-]effm as.,ln(l
3(

dz dw 7

JNYcoh [«LQ
Neon \ m2 + x2M? + /wq)

arXiv:1209.0844

Suppression due
to coherence
GB Increases with

T=250 MeV,| E=10GeV

LPM energy
c—quark
0.05 0.10 0.50 1.00 5.00 10.00w[GeV]

T=250 MeV} E=20GeV

LPM

c—quark

1.4}
12F
1.0F

0.050.10 0.501.00 5.0010.00

w[GeV] I

Suppression due
GB to coherence

T=250 MeV, E=20GeV

0.8f _
06 Lot _decrea_ses with
04k INncreasing mass
b—quark
02}
0.050.10 0.50 1.00 ~oor000— wlGeV]
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{Radiative + Elastic} vs Elastic for D mesons (@ RHIC

=> Allow for some global rescaling of the rates: “K” fixed on experiment

Raa(D)
20l Au—Au @ 200 GeV/c; 0-10%
: --------- col, K=2
150 Al A col+rad GB, K=1.3
O e col+rad LPM, K=1.3

------- rad LPM, K=3

1.0}

0.5

iy
-
-
iy
-
-
-ﬁ

-u,._h
-
-----
-----

0.0]
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{Radiative + Elastic} vs Elastic for D mesons (@ RHIC

Raa(D)
50l Au—Au @ 200 GeV/c; 0-80%
15 H] --------- col, K=2
0 col+rad LPM, K=1.3

1.0}

0.5}

r
-.-J-I‘-'-‘-ihu

| MC@HQ V507
0 o MCeHQVS.
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{Radiative + Elastic} vs Elastic for leptons (@ RHIC

Rana lept
1.5¢ Tl Au—Au; central
Boltzmann—>¢€;,,,< min
| run. a3 (k=0.2)
1.0 I"Jimhl n e DHENIX = 2t
. o H .
s K=2 (LPM)
K=1.3 +# I
0.5} Pl
. i
u o — .
om o » . T el '
MCa@HQ V507 . . * a -
Pr[GeV/c]
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{Radiative + Elastic} vs Elastic for leptons (@ RHIC

vy lept

0.15

0.10¢

0.05¢

0.00

—0.05¢%

rmmmmmm o], rate X 2
mannn coll + rad. GB (x1.3)

wess coll + rad. LPM (x1.3)

Au+Au; 200 GeV; min. bias

Boltzmann—>€,,s min (rate « €)

run. a; (k=0.2)

MC@HQ V507

3; | . S-PT[GeV/c]
®: Phenix Run—4

B: Phenix Run—-7
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QGP properties from HQ probe at RHIC

Gathering all rescaled models (coll. and radiative) compatible with RHIC R ,x:
<dP;>/dt

Similar
diffusion

coefficient at s

15}

10}

low p

¢ quarks, T=300MeV

L ]
¢"
-t
*

‘-i

L]
-
-
L3
L]
“
+

El.4+rad LPM
K=1.3

the drag coefficient reflects the
average momentum loss (per unit
time) => large weight on x ~ 1

> Present RHIC experiments
cannot resolve between
those various trends

Hope that LHC can do !!!

MGa@HQ V307 p(GeV)

MC@HQ V507 Main message

| Itis possible to

@ reveal some
fundamental

property of QGP

: 10 15 20 25 30
S
We extract it [ meenes EL ((K=2)
from data % 4 == EL + radiat GB & LPM (K=1.3)
(starting from 3t
SQM 2008) N
cl 2L
We compare -
with recent It
lattice results o! Ding et al. (PRD 2012)
1.0

1.5

25 30 using HQ probes



Bright future of RHIC

=> Discriminating power of B mesons

Raa(B&D)

1.5}

1.0

0.5}

Au—Au 200GeV; central
Boltzmann—>€;3p5 min

run. @ (k=0.2)

B mesons coll (K=2)
- - - coll + radiat
~ . (LPM; K=1.3)
D mesons - e m— .
MCe@HQ V507 ) ) ) ] ] i
2 4 6 3 10 12 14

Larger mass hierarchy for radiative Eloss
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Bright future of RHIC

=> Discriminating power of B mesons

2 (B)
min. bias (Au+Au; 200 GeV)
El. (K=2) EL+LPM.V3 (K=1.3)
012k=B s B
----- b b
0.08}F
0.04 B  sunmsnssvasuunust o,‘.,.t‘o’ *‘t
_ | | | MC@HQ V507
0 1 2 3 4 5 6 7

pr(GeV/c)

Larger mass hierarchy for radiative Eloss




Bright future of RHIC

=> BES, dAu, Cu + Cu, Cu + Au

Still in our “to do list”... however:

RdAu

, sk (SQM 2008) .
2.0
1.5 .t

1.0

3.0F J. Phys. G 36 (2009) 064028; [arXiv:0901.2462]

e . 07=0.8 GeV"2/coll

o’ .Q' 06’GeV"2/coll

. .
4 e00e®00g0 _, . L
°

0,0 ® ¢ '00

ce%ertay S50, 00 Selected values; good

05F /s =200GeV/c

07=0.2 GeV "2/eoll €— agreement with recent

non—photonic electron RHIC measurement
ly[<0.5

1

Pr(GeV/e) ! :
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Going LHC: EPOS as a background for MC@sHQ

EPOS: state of the art framework that encompass pp, pA and AA collisions

Initial energy density @ RHIC (central Au- Au)

s
30 140
25
20 120
15
100
;o ., Beware: # color scales
0
60
40
20
0

ylnfm

Kolb Heinz (used previously) EPOS

-
(=]

x in fm
o &»® b PO o N B O ™

A
o

-fo 8 6 4 -2 0 2 4 6 8 10
y in fm

More realistic hydro and initial conditions => original HQ studies such as:

1) fluctuations in HQ observables (some HQ might « leak » through the « holes » in
the QGP)

2) correlations between HF and light hadrons 33



Going LHC: EPOS as a background for MC@sHQ

Same microscopic ingredients as for RHIC (AE a L );
NO SHADOWING (yet)

1.4
1.2

1
0.8

Raa

0.6
0.4
0.2

| / | | | | | 0.6
coll, K = 1.5 ——— ' coll, K =15 ——
rad, K = 1.8 = === _ rad, K = 1.8 - - - -
coll4rad, K = 0.8 o 0.5 - colltrad. K = 0.8 weemeeees
av. D mesons ALICE (prel.) +—e— 's ALICE +—&—

_ 0.4 av. D mesons

| 30 — 50%
LHC, central 0 — 7.5% 0.3 - LHC, 30 —50% | { | _

()

Three options :

Collisional only K factor = 1.5
Collisional and radiative K = 0.8
Radiative only K= 1.8

N.B.: K values: slightly smaller
then what obtained from RHIC

Data at large pT seems to favor « Collisional only ». Counter intuitive
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Comparison with model calculations (A Mischke)

Raa Prompt D

[ .

O 0 N

"Nll.l"l':"lirqlllllllll

rfrtyrr|jrrrryrvyrrrrrrrrrprervr o

Average D°,D*,D™*

ly|<0.5 ALICE

PRELIMINARY

0-7.5% centrality
Pb-Pb,\ s\=2.76 TeV

+ POWLANG (Beraudo et al.)

= Rapp et al.

NLO(MNR) with EPS09 shad.
Rad+dissoc (0-20%)
WHDG rad+coll

BAMPS
BDMPS-ASW rad g=25

Filled markers: pp rescaled reference
Open markers: pp pT-extrapoIated reference

L]

Ia g
p\.‘"."". w
= In? Ny

10 15 20 25 30 35 40
pT(GeV/c)

» Energy loss models describe R,,
of prompt D mesons reasonably
well

e Indication for rising R,,?

* No/little shadowing (initial-state
effect) is expected in this p; range

* Rad.+dissoc.: R. Sharma, |. Vitev and B.W. Zhang, Phys. Rev. C80 (2009) 054902, Y. He, |. Vitev and B.W. Zhang, arXiv: 1105.2566 (2011)
* WHDG (coll.+rad. Eloss in anisotropic medium): W.A. Horowitz and M. Gyulassy, J. Phys. G38 (2011) 124114

* POWLANG (coll. Eloss using Langevin approach): W.M. Alberico, et al., Eur. Phyis J. C71,1666 (2011)

* BAMPS (coll. Eloss in expanding medium): O. Fochler, J. Uphoff, Z. Xu and C. Greiner, J. Phys. G38 (2011) 124152

* Coll. + LPM rad. energy loss: J. Aichelin et al., Phys. Rev. C79 (2009) 044906
« BDMPS-ASW: N. Armesto, A. Dainese, C.A. Salgado and U.A. Wiedemann, Phys. Rev. D71 (2005) 054027

* Coll. Eloss via D mesons resonances excitation + Hydro evolution: M. He, R.J. Fries and R. Rapp, arXiv:1204.4442

Andre Mischke (Utrecht)
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Important facts about radiative induced energy loss

QCD:
1. QCD analog of Bethe Heitler result established by Gunion & Bertsch (M=0) at high

energy;
. fﬁ{g{i
P %q P

(a) (b) (c)

.. Important as it contributes to populate the mid rapidity gap (large angle radiation)

2. QCD analog of LPM effects: BDMPS; main dn‘ference dominant process are the
ones for which

AFE x GL*
Yes, but...
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Important facts about radiative induced energy loss

LHC: the realm for coherence !
3 regimes and various path length (L) dependences : (light q)

Lo Ving L/A x Gunion Bertsch

dw A {
./\/
L
>
QGP brick Oem @

— a) Low energy gluons: Typical formation time w/k?is smaller than mean free path A:

22 ) ..
w < wrpm = G- Incoherent Gunion-Bertsch radiation
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Important facts about radiative induced energy loss

LHC: the realm for coherence !
3 regimes and various path length (L) dependences : (light q)

Lo @Ning L/A x Gunion Bertsch
dw A {

AL2
~~~~~ >< / wLPM (X q
T w w

A
\ 4

>

QGP brick Oem ®

a) Low energy gluons: Typical formation time w/k?is smaller than mean free path A:

_ g\

W < WLPM = 73 Incoherent Gunion-Bertsch radiation

— b) Inter. energy gluons: Produced coherenty on N, centers after typical formation

) . w _ty w )
time ¢y = 5 = Neoh = 5 = o leading to an
effective reduction of the GB radiation spectrum by a factor
1/Ngop,

38



Important facts about radiative induced energy loss

LHC: the realm for coherence !
3 regimes and various path length (L) dependences : (light q)

o @Ning | L/A x Gunion Bertsch

dw Y
/WLPM gL?
X w Oc w

¢1‘~~-__r__——"'~\

./'\L/» GLV (2001),
< . X =< Zakharov (2001)
L
>
. ) Q) 6))
QGP brick LM ©

a) Low energy gluons: Incoherent Gunion-Bertsch radiation

b) Inter. energy gluons: Produced coherenty on N, centers after typical formation
time ¢, = \ﬁ

q
— ¢) High energy gluons: Produced mostly outside the QGP... nearly as in vacuum do

\/%> L= w>w, = % not contribute significantly to the induced energy loss




Important facts about radiative induced energy loss

LHC: the realm for coherence !
3 regimes and various path length (L) dependences : (light q)

deind .
w L/A x Gunion Bertsch
 / . Only this tail makes the L2 dependence in
x L % _ the average Eloss integral ...
> | ...provided the higher boundary »=E > w..
GL? . .
X T Otherwise, everything o L
_________________ —
M pm ~T2 @
_ gL
N e = 2 g ~ 5GeV?/fm
h \ Concrete values @ LHC < T, ~ 9fm

Bulk part of the spectrum
still scales like path length L we ~ 100GeV  Huge value !

A large part of radiative energy loss @ LHC still scales like the path length
=> Still makes sense to speak about energy loss per unit length (for a

typical event) .. . . .o [m (M) —Hn( E )] 20

7 2 5. T2
mp ga L




Consequences of radiation damping on energy loss

Basic question: Implications of a finite lifetime of the radiated gluon ?

Concepts
» In QED or pQCD, damping is a NLO process (damping time t;>>); neglected up to now
» However: formation time of radiation t; increases with boost factor y of the charge

» Expected effects when t; = t4 or t; > t; : in this regime, t, should become the relevant

scale (gluons absorbed being formed)

v

y - hierarchy: gmaj| . i | i

tgrsing) t;mUIt) t
. Usual LPM effect
Interm. vy: | | | >
(mult), (sing)
. tf tf La New regime
Large y: | | | >

mult sing
M. Bluhm, PBG & J. Aichelin, arXiv:1204.2469v1 tq t; ) t; )
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Consequences of radiation damping on energy loss

PRL 107 (2011): Revisiting LPM effect in ED using complex index of refraction, focussing

on the radiation at time of formation ’n,.2( W) =1-— m?2 /Wz +2iT/w
0.02 - . L
FIGeV = ~ — 20 m=0.6 GeV, =0 (Ter-Mikaelian; 1954)
i =2.5GeV/fm 1 ot
4= 206V |m=0.6 Gev, Realistic numbers for
3 =1 r=5, 10, 50 MeV cD !
3 from top to bottom Q '
2 X A
= 0.01F (LPM v— =" : ..
Na _ - Strong reduction of radiation spectra
-
o
s and of coherence effects
polarizatipn A Bluhm et al. PRL 107 (2011) (
0_{ . 1 N 1 | >
0 5 10 ) ' 2 ;
w/GeV Wipm ~ =2 ~10° > E
Scaling law: No “BH” limit
. (sing) ,(mult) ) )
i  min(ta,ty 7t ) Allows for first phenomenological
dNging it tsing _
de f study in QCD case
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Formation time of radiated gluon

Arnold 2008: (1— =, P, my)
Final H
BEAEy ? [ et 0 - omd]
Ir;rm at \)) Emitted 20(1 —x)E
erm. state (z,ky,m, eluon
S 2 ,
p2B - ((1 - :C)kL 4 :CPL) _ <pQB> ~ (1 o :U)2qutf In QCD: mostly gluon

T rescattering
=> Self consistent expression for t,

[%;
© o 2l )b Small T’
ainia A r2m? +m2(1 — x) Y/mg
_______ H(m) 2cFE
V= Interm. I"
1
—_—— = L
L I
1/mg arge

e /(yms) | 43




New regimes when including gluon damping

x-y space for ¢ < m

tf
77D : 1
v/
% |
4 i
——————— e — —_— — —]
/ P
/ g
7 i i
Z P
— — xi— X_G—
| /mgf x5 Xii T T .—\— X4
mg/(ymy) ik
['—y space
~v-scales
(1) 3 /A
Ye rm'g/qg
(1) /7 3
Ya qq/T

2
'Y((i : ~myg/T

3
g

v

Larger da

Xs

single

single
1

sk

mg/3

Increasing I'

Larger and larger part
of the spectrum affected
by damping (shaded
areas)

For I'>T', ~z 19,
mg

coherent radiation 1s
totally superseeded by

damping
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Consequences on the power spectra

qg < mg dl/dlge (m.=0)
' N :
I ]
N
; N
S
0.1 3
IF
- 3 : ]
q>m g

(I) and (IT): moderate and
large damping (see previous
slide)

E=45 GeV, m~=1.5 GeV
m,=0.6 GeV, ¢ = 0.1GeV?/fm
'=0.05 GeV (1) & 0.15 GeV (1I)

Same but
G = 2GeV?/fm
=0.25 GeV
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Consequences for mesons at LHC (central)

Pb—Pb: 0%—7.5%

0.2|

0.0————

—0.2!

Damping of radiated gluons reduces the quenching of D mesons
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QGP properties from HQ probe at LHC

Gathering all rescaled models (coll. and radiative) compatible with RHIC R ,x:

<dP>/dt (GeV/tm) the drag coefficient reflects the
12 - ¢ quarks, T=400MeV El+ average momentum loss (per unit
10} LHC fix time) => large weighton x ~ 1

~  Present LHC data

(starting from QM 2012)

a7



QGP properties from HQ probe at LHC

Gathering all rescaled models (coll. and radiative) compatible with RHIC R ,x:

<dPy>/dt (GeV/fm) the drag coefficient reflects the
12 - ¢ quarks, T=400MeV average momentum loss (per unit
10} LHC fix time) => large weight on x ~ 1
8
6 LHC has the potentiality to
Al } constrain further the drag
S~ oPORTTLIILLL L o) I " B coefficient!!!
2
e SO GeV
S0 s 20 25 30ROV
We extract it (starting from QM 2012)
from data Main message
We are e_ag(;r to It Is possible to reveal some
compare with tuture -
affice results fundamental property of QGP using
HQ probes
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Self consistency

RHIC « reference »: no effect seen for [ =0.75T

Au—Au; central
Boltzmann—>¢yans min

run. «; (k=0.2)

P PHENIX A STAR
1.0 e
col|l+

radiat (LPM)
0.5 *
‘ A

L ~

: 4 6 8 10

P[GeV/c]
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Conclusion: Global picture for finite path length L Eloss

Usually: competition btwn L vs L. = \/g

New scale: =

« Coherent » skin
d=1/T"= 1tm

«usual » GLV /

damped radiative BDMPSg like
Eloss (mostly radiation (L~ effects)

dominated by L) 50




Conseqguences on the c vs b observable

RHIC « reference »: no effect seen for [ =0.75T

Pb+Pb @276 TeV ~  ~~°7° I'=0

/\ I'/T=0.75
0-20%; KH Hydro
1.0} El. + LPM (K=0.7) Damping of radiated gluons
may 2012: V5.0.4 tempers_, the mass hierarchy at
intermediate p
0.5}

Possible crossing at
Intermediate p; ?

B mesons

_——-._-._—.-d'h-_..

o o T P My gy g T N N

Ideal situation to « reveal » Eloss mechanism: initiating one HQ in QGP

with a fixed p-...
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Consequences on the observables: p,-p,bar correlations

Pb-Pb @ 2.76 TeV; 40-60%.

30F ' ' ' ' =

pi(cbar) [GeV]

10}

pi(cbar) [GeV]

20

pi(c) [GeV]

0 5 10 15

Resi‘

Background at small p,
dual correlation after evolution through QGP

Toy study: back to back c-cbar

30

M El + LPM (T/T= El. + LPM (I'=0)

25|

25|
20( 20¢

15}

p,l(cball') [GIeV] II

\

20 25 30 10 15 20 25 30

p:c) [GeV] p:(c) [GeV]
Tagging on 1 high p+ Qbar:

o 5 10 15

(similar path length for most of HQ produced in the core of the reaction)
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Consequences on the observables: p,-p,bar correlations

Pb-Pb @ 2.76 TeV, 40-60%. Toy study: back to back c-cbar

dN

dp,
6.x 1077

5.% 1077}
4.x1077}
3.x1077f
2.x1077}

1.x107}

Significant residual correlation for the

case of Elastic energy loss or LPM
radiative + gluon damping

p:(cbar)e[20,22]

No significant residual correlation for
the case of radiative GB or LPM
radiative

' ' = — c) [GeV
10 20 30 40 so'pi ) [GeV]

Background at
small p,




