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Motivation

Energy loss of high-p_ particles traversing QCD medium is an
excellent probe of QGP properties.

Theoretical predictions can be compared with a wide range
of data, coming from different experiments, collision
systems, collision energies, centralities, observables...

Can be used together with low-p_ theory and experiments to
study the properties of created QCD medium, i.e. for
precision QGP tomography.

Outline

‘/Dynamical energy loss formalism (embedded in DREENA
framework)

® Beyond soft-gluon approximation

\/Constraining the initial stages before QGP thermalization
with high-p. theory and data
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Dynamical energy loss
fomalism



Radiative energy loss Collisional energy loss

Radiative energy loss comes Collisional (elastic) energy loss
from the processes in which comes from the processes which
there are more outgoing than have the same number of
incoming particles: incoming and outgoing particles:
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Single electron puzzle at RHIC
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Collisional energy loss

* Collisional energy loss in a finite size QCD medium

of temperature T :
(1-HTL)
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Radiative energy loss Collisional energy loss

Static QCD medium approximation AR xactlv eaual to zero!
(modeled by Yukawa potential). coll Y €q -

A Collisional and radiative energy

iwsses are shown to be comparable.

&

Inclusion of collisional energy loss
is necessary, but inconsistent with
static approximation!

———————

QGP medium consisting of dynamical scatterers, and not
static, has to be used in radiative energy loss calculations,
as well!
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Radiative energy loss in dynamical medium
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* Dynamical medium of a finite size L, consisting of thermally
distributed massless partons

e 1st order in opacity (two Hard-Thermal Loop approach)

Radiated gluon: transversely polarized with effective
mass given by m, = pup/v2

* Exchanged gluon cut 1-HTL propagator retains both
transverse (magnetic) and longitudinal (electric) parts.



Radiative energy loss in dynamical medium

In finite size dynamical QGP medium produced quark can be both on- and off-shell.

<

Beside central cut, left and right cuts are allowed.
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All 24 relevant diagrams are calculated. Each of them is infrared divergent, due to
the absence of magnetic screening.
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The divergence is naturally regulated when all the diagrams are taken into account.
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The importance of dynamical effects
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Dynamical effects in radiative part lead to a significant suppression increase.
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Dynamical effects in radiative part alone are important, but insufficient.
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B.Blagojevic and M. Djordjevic, JPG 42, 075105 (2015) (highlighted in LabTalk).




Dynamical energy loss formalism

* Finite T, finite size medium consisting of dynamical partons
* Based on finite T Field Theory and generalized HTL approach

* Collisional + radiative energy losses computed within the same
theoretical framework

* Finite magnetic mass effect
* Running coupling

* Relaxed soft-gluon approximation

A

All ingredients are important for accurate description of high-p.L R,,
data!
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Relaxing the soft-gluon approximation

4t
o
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* The soft-gluon approximation (sg) definition —
radiated gluon carries away a small fraction of

initial jet energy x — % < 1.

* Widely-used assumption in calculating radiative
energy loss of high p. particle traversing QGP



Why do we reconsider the soft-gluon
approximation validity?

* Significant medium induced radiative energy loss obtained
by different models - inconsistent with sg approximation?

* Sg approximation also used in our Dynamical energy loss
formalism.

* Our dynamical energy loss model reported robust
agreement with extensive set of experimental R,, data -
implies model reliability.

* It breaks-down for:
*5<pL<10GeV
* Primarily for gluon energy loss
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Calculations beyond soft-gluon approximation

) Interaction with two
t L] . ) [
0t" order Interaction with one scatterer scatterers in contact limit

1\/10 1\[1 1,0 h/1(2’20

IBeyond soft-gluon approximation (bsg) in DGLV:
x finite
_IAssumptions:
* Initial gluon propagates along the longitudinal axis
* The soft-rescattering (eikonal) approximation

*  The 1%t order in opacity approximation
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(1)
dN
Comparison of analytical expressions (

dx
Beyond soft-gluon approximation: |
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Effect of relaxing sga on numerical predictions
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Interplay of the
opposite effects on

AED /Eand N is

responsible for
negligible effect on

Ryp.
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Different theoretical models reported considerable radiative energy
loss questioning the validity of the soft-gluon approximation.

We relaxed the approximation for
, Which are most affected by it, within formalism, and
although analytical results are very different in bsg and sg cases,
surprisingly the numerical predictions were nearly
indistinguishable.

Consequently, this relaxation should have even smaller impact on
high p | quarks.

This implies that soft gluon approximation is reliable within DGLV
formalism

Based on our previous analysis we expect that the soft-gluon
approximation remains well-founded within the dynamical energy
loss formalism as well.




See Talk by D. Zigic
Mon, 5 pm

DREENA-B framework

*DREENA-B (Dynamical Radiative and Elastic
ENergy loss Approach + Bjorken expansion)

frameworlk presents fully optimized numerical
suppression procedure, based on:

* Dynamical energy loss formalism

* Medium evolution introduced through 1+1D Bjorken
expansion



Assessing the features of Initial Stages (1S)

Traditionally, rare high-p. probes
(p. = 5 GeV) are utilized for
studying the nature of jet-medium
interactions.

Commonly, low-py sector (p. < 5 NN T e
GeV) is used to infer the features of t

initial stages before the QGP
thermalization

Tp<1fm

IS properties poorly-known up-to-
date
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High-p. observables as a novel tool for IS studies

High p. partons effectively probe QGP properties, which in
turn depend on initial QGP stages

Recently a wealth of high-p. experimental data became
available

Current theoretical studies on this subject are either
inconclusive or questionable — e.g. the energy loss
parameters were fitted to reproduce experimental RAA data,
individually for different analyzed T profiles.

20



Our approach

v For higher control over the energy loss and IS we
employ full-fledged DREENA-B framework, because:
_IBjorken 1+1D:
* Allows analytical introduction of different evolutions
before, and the same evolution after termalization
* Facilitates the isolation of IS effects alone

* Presents a reasonable description of medium

evolution (compared to 3+1D hydrodynamical evolution)
(the next talk by Dusan Zigic)

(A Dynamical energy loss formalism:
* Complex, enclosing some unique realistic features
* Dominant ingredient for generating high-p. predictions

21



Four common cases of Initial Stages (IS)

T free streaming T

inear A i divergen
Tol— Tol-p, Tof Tol—%,
\
N
o~
-~ S
1 P s
! ~—— O A R s
! T ———. i TS
I
Te [

T

4 Initial-stage cases have the same 1+1D Bjorken T profile
upon thermalization, but differ for T < 13=0.6 fm:

a) Free streaming, T = 0
b ) Linear, linearly increasing T from T-=160 MeV to Ty=391

MeV
C) Constant, T = Ty,
d ) Divergent, Bjorken expansion fromt = (0

22



Sensitivity of high-p. R,, to the IS

30-40%

|~ i =
% free streaming
- — —— linear
constant
====== divergent

|
20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100

p.(GeV) p.(GeV) p.(GeV)

<

High-p.L R,, is notably affected by the presumed
initial stages, due to difference in energy loss.

<

However, current error-bars at the LHC do not
allow distinguishing between these cases.




Sensitivity of high-p. v, to the IS

D

free streaming
—— — |inear

=« cOnstant
====== divergent

30-40%
olL | | | ! | oL ! ! | ! |

0 20 40 60 80 100 0 20 40 60 80 100

)4

Vv, is practically insensitive to the initial stages.

O 'a

High-p. v, cannot distinguish between
different IS scenarios!
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Explanation of the obtained results

. ) t
R" +R ! Ry, -RY,
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R . ‘ R in . R out .
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Explanation of high-pL R,, results through
analytical estimate

R,a 1S Shown to be sensitive only to the averaged properties

of the evolving medium ;.p ~AE 7| 1Analytical estimate, but for all
“F predictions we apply full-fledged

numerical calculations!

Different Ts for four IS cases result in different R, ,s.

<

What are the effects of modified T-profile cases,
which ensure the same average T?
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Modified temperature profiles

TA:
'1 Lin L Loul
. | [ | -
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s '\ : : : e e [iN@QF
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. I | I ——
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[N | mme——— divergent
] s o
: Sy,
| N AU ——
| ST ———
Tc P | | |
F | | |
o | | |
b | I |
| | |
| | | | - r
Tc To

Modified T-profile cases differ not only at initial
stages, but represent different evolutions altogether!
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Sensitivity of high-p. v, to modified T profiles

0 20 40 60 80 100 0

p.(GeV)

o

+
12 h

free streaming
A \ ——— linear
8- ' “ - constant
i\l " A | meeas divergent

The overlap of

high-p. R,, curves
in all our chjlfled
cases is verified.

High-p_Lv, is
very
sensitive to
different
evolutions.

The highest v, is observed in free-streaming case.
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Sensitivity of high-p. v, to modified T profiles

V, is very sensitive to these
different evolutions.

|04 &

Why is v, altered by Are the initial stages at
these modified T-profile the origin of these v,
cases? discrepancies?



Why is high-p_ v, affected by modified T

profiles?
] Rin _Rout RAA .
Vot dh practicall > vRRE
A4 AA unchanged.

<

[}

(=}
I

free streaming

=== |inear
constant

------ divergent

L
e
..
a

-
.....
~~~~~~~

i

The same curve ordering
as for high-p_ v,.

<

RY, — R9Y! differences are
responsible for high-p. v,
discrepancies.
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Is IS responsible for high-p. v, discrepancies?

T A:

[l
1
T() 1‘}

— = = |inear
- == constant
...... divergent

free streaming

- — — —
--------

Ic To

This region contributes to RY, — R4t
differences.

0.20F .,
h free streaming
=== |inear
. 045 » === constant
8 § ------ divergent
D|: 7 S
00 ey T
£ i ’ ke 13 " \\""'--.
i Py S
0.05- el i,
0 | | | I ] |
0 20 40 60 80 100
p.(GeV)

Large v, sensitivity originates from interactions of
high-p. parton
with thermalized QGP, and not the initial stages!
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Fitting energy loss parameters to high-pL Ry,

experimental data

constan

free streaming T4

Tor— To —
E\
/ g
~

’l ‘‘‘‘‘
.
1

Te-!

Tc Tp

t T4

Energy loss

T

Fitting the energy loss (multiplicative fitting factor), to reproduce

the high-p. R,, data, individually for different initial stages

An additional fitting

factor C{ it(pL) is
introduced in our full-
fledged calculations.

Best fits to
RAA,fS YIEId:

T profile case C{ i
A

1

Free-streaming case (a)

Linear case (b) 0.87
Constant case (¢)  0.74
0.67

Divergent case (d)

TABLE I: Fitting factors values



Sensitivity of high-p_ fitted R,, to IS

10
1.0 - hi
&
< 06" . . .
Ve o & R High-p_Lv, is
04 L Iree streamin \‘::
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. (IJ 2I0 4|0 6|0 8|0 1C|lO . 6 2|0 4I0 GIO 8|0 1(|)0 @
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U Is this a consequence

of initial stages?
High-p. R,,s are overlapping.

& ’

Inconsistent with our previous analysis and also
intuitive expectation that higher energy loss at
IS leads to lower R, ,! .



Asymptotical scaling behavior

For quantitative explanation of the obtained results

Assumptions:
Highly energetic jets
More peripheral collisions

—a—b

R, ~1-¢T'L

[ =lin div 7 y hes 1
l R it ; approaches
Rﬂ,i ~1-|C(p, )T L $ Voi = CiyiVZ,fs Coyy <1 at very high p.
R™ =R

AAi

AA, fs

Fitting energy loss to
individual IS may result in
misinterpreting the underlying
physics!

Diminishing of v, ; compared to
the fs case is predominantly a
consequence of a decrease in the
artificially imposed fitting facto*A
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Conclusions

Low-p_. sector is traditionally used to study the initial stages (IS) before QGP
thermalization, but recent acquisition of wealth of high-p. experimental data
motivated exploiting high-p. energy loss in studying the IS.

To this end, we utilized state-of-the-art dynamical energy loss formalism
embedded in 1+1D Bjorken medium expansion: DREENA-B framework, to assess the
effects of four commonly considered IS cases on high-p. observables, and obtained

that is to the presumed IS. However, within the current error
bars, the sensitivity is insufficient to distinguish between different initial scenarios.

Unexpectedly, we found that is to the IS. Moreover, by
combining full-fledged numerical predictions and analytical estimates, we inferred
that previously reported sensitivity of high-p. v, to IS is mostly an artefact of the
fitting procedure.

of energy loss parameter for each individual IS may
result in incorrect energy loss estimates and in overlooking the underlying physics.

Overall, the simultaneous study of high-p. R,, and v,, with consistent/fixed
energy loss parameters across the entire study, and controlled temperature
profiles, is crucial for imposing accurate constraints on the initial stages.
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Calculations beyond soft-gluon approximation
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Recovers sg result
for x < 1.

(B. Blagojevic, M. Djordjevic and M. Djordjevic, PRC 99, 024901, (2019)). *



Calculations beyond soft-gluon approximation

Two negligible amplitudes are omitted.

2 2q
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Effect of relaxing sga on humerical predictions

X —bsg 3% Finite x slightly increases

f‘> fractional radiative energy
loss up to =~ 3% compared
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Raa

Effect of relaxing sga on R,,
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<

R 44 negligibly
affected by this relaxation!

<

Why is R 44 barely affected by this relaxation?
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Collisional energy loss in a finite size QCD
medium

.

\4

The effective gluon propagator:
D" (w,d) = —P* Ap(w,d) — Q" Ap(w, )

M. D., Phys.Rev.C74:064907,2006



Cut 1-HTL gluon propagator:

1-HTL gluon propagator: Di 1) = ~(11(0) (s )+ Qu )

STV T P#UU) Q””(f) # T, g 2 . 1 ﬁ

D= o T prr(l) N ot HT’L”),) iIm (52 HTL(H)Q(I Tﬂj)
Y

) Y
Radiated gluon Exchanged gluon

For radiated gluon, cut 1-HTL gluon propagator can be simplified to

Py (k) _
D;)(!!C) ~ =27 ﬂQ.;;_,‘ 5(:’4,'1] —w) w4/ k2 —|—m§ s My Ju/\/§

For exchanged gluon, cut 1-HTL gluon propagator cannot be simplified, since
both transverse (magnetic) and longitudinal (electric) contributions will prove to

be important.
2
D3, (a) = 6(1 - )(1+f(q.m21m( Pule) | Quw(@ )

q ¢*~Ir(q)  ¢*~IL(q)
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Collisional energy loss
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Effect of relaxing sga on numerical predictions
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S Ei ez 6 or s |6 67 02 65 os o ooz 5 04 as independently of p .
The effect on d EV /d x and d Ngl)/dx is small forx < 0.4,

while enhances to a notable value with increasing x above
the “cross-over” point x = 0. 3. w7



Computational formalism for bare gluon
suppression

Initial distribution Radiative energy loss ¢ G I u O n p rOd u CtiO n

* Radiative energy loss in finite size
static QGP medium beyond soft gluon

approximation
(B. Blagojevic, M. Djordjevic and M. Djordjevic, PRC
99, 024901, (2019))

Gluon production Medium interactions

1. Initial gluon p.
spectrum * Multi-gluon fluctuations

2. Radiative energy

 Path-length fluctuations
loss
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Raa

0.8+

0.6+

04+

0.2+

Effect of relaxing sga on R,,

—ng 2%+

Nl
g: 1%7
E s}

2%
.
—1%’7

20 40 60 80 100
p.(GeV)

0 20 40 60 80 100
p.(GeV)

g

How the large differential variables

R4
negligibly affected

by this relaxation!

discrepancies between bsg and sg cases at x >

0.4 do not influence R4,4?
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Explanation of negligible effect on R,,
: Radiative energy loss |

In this region bsg

avD
Q and sg dz and
! ' %df;:) are within
Gluon production Medium interactions Due to Sharply 10%.
decreasing initial
gluon p, distribution,
HIT the x < 0.4 is the @
T 2] most- rr-.zleva.nt .region Intuitively
8 .. for distinguishing bsg explains
= from sg R 4. insignificant
S | finite x
effect on Ry, .

e

p.(GeV)
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Relaxing the soft-gluon approximation

_IBeyond soft-gluon approximation (bsg) in DGLV: x finite
v" DGLV formalism assumes:

Finite size (L) optically thin QGP medium

Static scattering centers V, = 215(qQ)v(Gn)e "% T, (R) Q T, (n)

-> _ 4-7'[6(5
v(qn) - C_I)rzz'i'liz
Gluons as transversely polarized partons with effective mass
mg= /1/\/7
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Calculations beyond soft-gluon approximation

ptk

Z) —» 3
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Calculations beyond soft-gluon approximation

Reduces to well-known

.'rdgNéD} T Cs(G) k* . . .
drdk® 7 (2 + m2(l—x + a?))2 Altarrelli-Parisi
(1 — 24+ 22)?
1o result in

massless case.

Single gluon radiation spectrum beyond soft-gluon approximation: I

dNg) _ Cy(Gas L (1 —a +a?)’ /dqu p? /dkﬂ

dz 1 A a(l-a) T (ai +p?)? .
{ (k —a1)” +x (9 (k—ai)’ _k-(k—cu)_(k—qﬂ-(k—ﬂ:qﬂ)
(@)Q‘F((k—m)z—lﬂf)g “(k—a1)? +x k? + x (k —2zq;)? + x

k? 4+ x ( k? k- (k —zqi) )Jr( (k —zaq1)? k? )}
((k

- - . s —
(20-mBy2 (k2 4 )2\ K+ x (k—zaq1)® +x —zq1)? +x)* (k¥ +x)?

g Introduction of effective gluon
mass bsg radiative energy loss
for the first time! 53




Calculations beyond soft-gluon approximation

Longitudinal initial gluon direction:

No interactions with QGP
medium (M)

One interaction with QGP medium (M,)

Two interactions with QGP medium (M,)

p+k=[E"E,0] ptk—q =[E"—q1E” +q1,,0] p+k—q—q
\ Y J
[k et KM (R J
= X )y 1 = -X y S
_ XE’ b @-xE P
Transverse momenta: I I
p+k=0 | Transverse momenta: p + k+0 I
| [
I Consistent with longitudinal I
I propagation of initial I
== —=—===="g--=- )c12413T:1 et bntienientientiestientien sttt T
Transverse gluon polarization: n# = [0,2,0] es(k) =0, 2:;}‘,55], b0
2 E\P o) = U, U, &),
e(k) k=0, e(k)-n=0, ek =-1, ¢prk)-(ptk) =0, e(p+k)-n=0, .4 :[D"{IQES k}r}:w'ei]-'
2 Y
E(p}p:O‘ E(p}'ﬂ'zo? E(p) - _17 E(p—’—,fc)z =1
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Calculations beyond soft-gluon approximation

1 ) d3p &k
3ar(1) g3 a7 I M 2 = Mo M P
AN N (d:r T (1M ") + dTRETr(MQ Ma) ) (2m)32p° (f)g

35 —+ - h —

BN, = da|J (p+ ) 2222 P65 K B, ded’k
(2m)°2E; (27)32p0 (21)%2w  (27)32E, (27)32z(1 — z)
zd®NS” . (G K2
dedk? 7w (K2 +mi(1 -z +a?))?

_ 242
Xﬂ $+x).
1—=z

de ™ A z(l—2)

dNY  Cy(@Ga, L(1—z+22)? [d2q; P P
/ m (q?+fﬂ)2/
X{ (k —a1)’ +x (2 (k —ai)? _k-(k—ql}_(k—qﬂ-(k—ﬂsql})
(EOE)2 4 (e —q)?+x)2\ (k—a)?+x K +x (k = 2a1)? +x
X K2 4y ( K2 k-(k—xq1))+( (k—za)? K )}
(B2 4 2 2 P x (k—aai)? +x

(k—azq1)? +x)? (k24 x)?
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* The bsg single gluon radiation spectrum

Beyond soft-gluon analytical results

€)
dNg"

IS:
dx

Is more complicated than in soft-gluon (sg) case.
Recovers sg result for x «< 1.
Is symmetric under the exchange of radiated (k) and final gluon (p).
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Generalization on dynamical medium

* Implicitly suggested by robust agreement of our
R 4, predictions with experimental data

*Only / (k, q, x) depends on x

* f(k, q, x) in soft-gluon approximation is the same in static
and in dynamical case

We expect dynamical [ (k, g, x) to
be modified in the similar manner
to the static (DGLV) case.
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Is IS responsible for high-p_L v, discrepancies?

hi

0.8 f/"’”-

free streaming

——— linear

constant
====== divergent

No effect on

! | ! ! !
0 20 40 60 80 100

p.(GeV)

R~ T

2

in
RAA.

2

0.20

Only this region

contributes to R4’

differences.

free streaming

linear
constant

====== divergent

--..........h
—
~a
—
—
——

|
40 60

80

p.(GeV)

|
100

out

Only R, 4
differences are
responsible for v,
discrepancies.

The same curve
ordering as
modified T profiles
in (Lint Lout)
region.

)\

v, differences originate from interactions of high-
pL parton
with thermalized QGP, and not the initial stages!



Energy losses in DREENA-B framework

Radiative part:

AT 9 5 2 2 2
dNyua _ Co(G)Cr 1 [ Lad (@) (D) gy (XD,
dzdr m z) m 7 [+ pn(T)[a?+ p3,(T)] T
(k+q)?+ (T) 2(k +q) k+q k
% [1 —cos (T T)] (k+q)° + x(T) [(k T+ (1) K+ x(TJ
(T) = M3z? + mﬁ[T)
Collisional part:
dE.1  2C @ ,
o= 2R (ET)ay(i(T)) [ gl (R, T)IR
T T’L 0
Kl/(1+0)  pold] Y
X [f d|q wdw + f_‘ d|q] ) :.udw]
0 Sl IKl/(1+v) 21K}
5 (2lk] +w)? — g meldl =) 2kl +w)? +1d), 220 o
x| 1A (g, T2 +|Ac(q,T) T (1 — )]
- , N
N w— |l meq(|k|, T) = E,||;|::||IIT_1 + E|E|;?{+1
ATHTY = G + pp(T)(1 + _
L ( q P’E( } ( 2|q| |w|_|_|q||
B - (TP (w?—q)pe(T)? w w—|q]
ANT) = o2 — g — e (14 =—=1 1)
! 2 247 2] w+dl
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Radiative energy loss in
static medium

15t order q/4

DGLV
Exponential distribution of scatterers
2
AE, Coc L Id.[dq’ w0 Idkz (2k—q1) +x
T (g +pe) IxXE

(Lj +((k-q,)" + )

xg( (k-a,) -"'C""”)J
(k-q,) tx Kk +yx

_ 2 2 2
Uniform distribution of scatterers
A T stat C a L J‘ Id q] IuE J- k2 2
T (g +up) (k-q,)+x

Sin[(k-ql) +ij
. 2xE ( (k-q,) _k-(k-q,)J
(k-q,)+x K +y

(k-q1)2+XL
2xE

M. Djordjevic and M. GyulassyNPA 733, 265
(2004).

Collisional energy loss is
considered negligible
compared to radiative

energy loss!

J.D. Bjorken, FERMILAB-PUB-82-059-THY, 287
(1982),
M.H. Thoma and M. Gyulassy, NPB 351, 491

(1991),
E. Braaten and M.H. Thoma, PRD 44, 1298

(1991); PRD 44, 2625 (1991).
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Static vs. dynamical radiative energy loss
(theory)

i‘ﬁ.Emd_f?HngL[ Pk d?q
E 7 A,

IR

v(q) effective cro/ss section:

/

A mean free path:

dr——v(q

sSlI1 IJ}E_EL
A Ry ey
Gty x

zE

2(k+q) ( (k+q)  k )
(k+a)*+x \ (k+g)*+x K+x

Two differences:

[ (g?

7). 7@
+ 122 ] s a*(a® +p?) | 4

. 4

b~ N

Increases energy
loss rate in
dynamical medium

= 3asT

12021 4+ n /4

1 . 1 _ 1
Astat Adyn 'ﬂ{ﬂ_f} Astat
1
where: 5
dyn
elng) =6

] w2 1+'H_f_.l"ﬁ
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Finite magnetic mass effect on R,,
(theory)

AE,. _ CrasL [ dkdq ] ( «,m!—'ﬂ'—a’L) 2(k+q) ( (k+q) k )
- EY k+q)2 )2 2, . L2
E T 1%#_{. (k+q)*+x \(k+a)*+y K+y
PE BE — 1y
] . ola) = ;
Only this part gets modified (q) @ +13) @ T 1)@+ )
04< 2 <6 \
HE
Causes
suppression
decrease

M.Djordjevic and M. Djordjevic, PLB 709:229 (2012)
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Finite magnetic mass effect

v(q) = vi(q) — vr(q)
1 1
q” + Rellp () q® + Rellp +(0)

Rellp(oc) = Rell; () = pﬁl

vrr(q) =

py = Rellp(x = 0)

i = Rellp(z =0)
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Running coupling

Collisional energy loss
S. Peigne, A. Peshier, PRD 77:14017 (2008)

a(u;)
q
o
Acholl ~ a(Q\%) a(ﬂz‘)
as(Q?) = o

(11 —2/3ny) lll(szﬁ%cﬂ) |

n I (3,  14ng/6 47T \°

A. Peshier, hep-ph /0601119 (2006)

|
|
|
|
|
|
|
|
|
|
|
|
|
a(0?) p :
|
|
|
|
|
|
|
|
|
|
|
|

Radiative energy loss
M. D. and M. Djordjevic, PLB 734 : 286 (2014)

a 2
- (@)) :
a(u;)
AE,,, ~a(Q;)o(0)) oty
Q> =ET
Q;E. _ k%ﬂix%mi
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Finite size effect on R,,

LPM introduced according to: M.Djordjevic, PRC 80 : 064909 (2009);
M.Djordjevic, PRC 74, : 064907 (2006)

1 1 1

Rad Coll RHIC Total

0s) os| o8| Finite size effect is

i o 27 negligible for
et - collisional, but
02+ NoFin ~ "~ 7=----. 02+ 02

_______ Fin

.0 R N . N - S significant for

’ 1?07((39\;/5)15 ﬂ,)nTr_GerE;S ” ’ mpTr_Gew::;S radiative and tOta|
1 LHC Rad 1 Coll 1 LHC Total SupprESSion!

08+ 08 08

06+ Fin 06y Fin 061
Rw |\ | Rm NoFin Ras Fin
04+ 04+ 04+ /
\
021 “eel__ , 024 0z} i
S LHC S o Fin

Wpn ! ! L L oL

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
pr(GeVjo) pr(GeV/c) pr(GeVic)

Finite size effect is
also important!

B.Blagojevic and M. Djordjevic, JPG 42: 075105 (2015)
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Charm quark as a clear energy loss probe

1

08 Fragmentation
osl does not modify
& suppression!
0.4+
D Rl e
%% 10 15 20
E(GeV) The clearest

energy loss probe.

M.Djordjevic and M. Djordjevic, PRL 112:042302 (2014)
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fit
C. 1 — RAA._?,
' ]- — RAA i
fit
Ua -
Oi ~ 2.1
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Verification of analytic estimate

o '
h™ \ ":
19 i \
L [ ‘| [
n "\‘ ‘\\‘
5 \.\ '\ ".
-— o \ LY
E 1o :-:::'_\.__ B \‘\.‘ B \"\‘
g’ e DTS S e e N ‘:.\\:‘: S \\\ " "
£ 0.8 cft S T — T W
L ___/_’,_________:_.:___:.-_"—..—:._ “'-_:‘_‘:~:.:£_‘___::_::_____ _________
Cﬂt ___j________—;;-;‘; ____ .
0.6~ linear B constant| - c™ divergent
| L | L | | \ L | L | L | L | L |
0 20 40 60 80 100 0 20 40 60 80 100 O 20 40 60 80 100
p.(GeV) p.(GeV) p.(GeV)
in, fit t. fit
Ciﬂ, 1 - RJ‘!A,I‘ ot 1 - R::;.uﬂ,f
i i b i r
1 — Ry, 1 — R4
o fit fit
Cau RAA,'E Ci}g _ l JUE ]

i - T o i T 1
1—FRaa Vi Ung

D. Zigic, B. llic, M. Djordjevic and M. Djordjevic, arXiv:1908.11866.
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(T.pr) of 304 MeV for 0-40% centrality 2.76 TeV Pb+Pb

ALICE: NPA 904-905 573c (2013).

average medium temperature of 348 MeV in most central 5.02 TeV Pb+Ph

o >» T ~ (dNow/dy/AL)"

T, ~150 MeV

M. Djordjevic, M. Gyulassy, R. Vogt and S.
— Wicks, PLB 632, 81 (2006).

o For each
To = 500 MeV .
centrality

m most central 5.02 TeV region.

Pb+Pb
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