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@ QGP is formed at high temperature or at high density. It consists of
deconfined quarks and gluons.

e Heavy quarks (M. =1.3 GeV and M, =4.7 GeV) production can be
treated using pQCD.

@ Heavy quarks interact with the medium and do not become part of
the medium and thus probe the opacity of the QGP medium.

Kapil Saraswat, Prashant Shukla and Venktes ICPAQGP 2015

04/02/2015 3 /25



Heavy Quark Energy Loss

@ When heavy quark traverse the QGP medium, they loose energy
either due to the elastic collisions with the plasma partons or by
radiating a gluon or both.

@ Collisional energy loss comes from the processes which have the same
number of incoming and outgoing particles.

o Radiative energy loss comes from the processes in which there are
more outgoing than incoming particles.

@ Many formalisms have been proposed for the collisional as well as the
radiative energy loss of heavy quarks. We used PP (Peigne-Peshier) to
calculate the collisional energy loss while DGLV (Djordjevic, Gyulassy,
Levai and Vitev) and generalized dead cone approach AJMS (Abir,
Jamil, Mustafa and Srivastava) to calculate the radiative energy loss.
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Peigne Peshier Formalism

e The rate of energy loss (dE/dx) of heavy quark due to elastic collision
given by Braaten and Thoma in the limit g < E which is good for
E< M?/T.

e Peigne and Peshier extended this calculation in the domain £ > M?/T.

dE  4ma2T? N¢ ET 2 ET
— = [<1+f>|og—2+flog
dx 3 Hg

6 g '8 7 + c(Nf) (1)

Here pg = \/47r as T2 (1 + %) is the Debye screening mass and
C(Nf) = 0.146N¢ + 0.05.
Phys. Rev. D77, 114017 (2008).

Kapil Saraswat, Prashant Shukla and Venktes ICPAQGP 2015

04/02/2015



DGLV Formalism

e DGLV used reaction operator formalism to obtain the energy loss of
quark jets by gluon radiation.
e Analytical expression is obtained for energy loss in powers of gluon

opacity (L/X). This formalism was extended to obtain the energy loss of
heavy quark.

e Wicks simplified this formalism for the first order of opacity expansion.

AFE 1 1- M4 00 4 2 3d
> :ECFOzs)\/m dex/ - 2ng q « (Alog B+ C) |
TS o (*F)" + (@ +52)
(2)

where 32 = mé(l —x)+ M3x2, A l= PgoQg t Pq0Qqg:
mg = %, pg = 163 1.202
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— 31.202 _ 9ma? 4
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Nucl. Phys. A784, 426 (2007)

Kapil Saraswat, Prashant Shukla and Venktes ICPAQGP 2015

04/02/2015 6 / 25



The function A, B and C are given as

_ 20 o
A = f;(ﬁ +d), (3)
g _ _ (BHK)EQ, + QIQ+ Q) | @
5 (ﬁ%o; —K) = QuK + @ Qf + i, )
c = zquzf B22(24% = u2) + BB — i)K + Qi (8* = (5)

262Q)) + 1 (FA(—5% — 36% +12) + 2¢2Q) ) +3626°Q; | (6)
Here

K = 2px(1-x), Qi =¢+p3, Q =¢+K, (7)

fﬁ = f(ﬂa Q;7 Q/j)’ f,U« = f(:uga Q[ja Q[:)’ (8)
f(x,y,z) = Vx*+2x2y+22. (9)
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Generalized Dead Cone Approach (AJMS)

The rate of radiative energy loss of heavy quark

dE <w>
d« A

(10)

here < w > is the mean energy of the emitted gluon and X is the mean
free path of the traversing quark.

d Dd
cws> = Jdw Ddn (11)
J < dw [Ddn
D = <1+Te ) , = —Intan (§>, (12)
_ 9
A= <pq + *Pg>0' ) (13)

o = 4Cpal /(l / dw/an (14)

arXiv:1109.5539, Phys. Rev. C48, 1275 (1993).
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Generalized Dead Cone Approach Continue

dE qJ_ ‘max 1 Wmax Tmax
— = 24a pq + pg / 2 qu_ / dw / D dn. (15)
dx 7 w

| min J_ min min

Z - 24a§(pq+jpg);(1—ﬁl>(\/ (1_15) og () - 1) F(5) (16)

where
1 14 M2 M sinh(26)
F() =25+ lo s - s 17
(©) 2 g<1+’\/s’2e_25 1—i—2MT2cosh(25)—i—Ml )
1 1
0==log|——=lo 1+ 18
2 g!(l—ﬁ) g(ﬁl>< 19
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The previous expression differs with the original AJMS formalism where

F(9) is given by

. 14 MTQe% MTZ cosh(4)
F(6) = 26— 5 log ( ) 1 + M2 cosh(d) + M; 149)
2
1 1 1 _ w
5 — . log [(1 —y log <51) (1 + (Iog 61)1/2> ](20)

Phys. Lett. B715, 183 (2012).
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QGP Evolution Model : Present

Heavy quarks are produced at a point (r,¢). The distance travelled by
heavy quark in the plasma is given by

L(p,r) =1/ R2 — r2sin® ¢ — r cos ¢. (21)

We calculated average path length (< L >) considering nucleus as a sharp
sphere.
Effective path length is calculated as

Lesr = min[< L> vr X TF]. (22)

We use entropy conservation condition s(T)V/(7) = s(To)V/(70) to obtain
temperature as a function of the time. The EOS obtained by lattice QCD
along with hadronic resonance gas (HRG) are used as input.

The transverse size for a given centrality is obtained as

R(Npart) - RA\/ 2A/Npart .

Vineet Kumar and Prashant Shukla, arXiv:1410.3299,
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QGP Evolution Model :Parameter

Model | Exp. | Centrality (%) | Npart(given) | dN/dn(measured)
D

Present | RHIC | 0-10 329 623.54

Present | LHC | 0-10 355.34 1447.26

Present | LHC | 0-20 308.38 1205.77

Model | Exp. | Centrality | b < L> | o(given) | 7¢ To
%) (fm) | (fm) | (fm/c) | (fm/c) | (GeV)

Present | RHIC | 0-10 3.268 | 5.63 0.6 3.0 0.340

Present | LHC | 0-10 3.32 | 5.73 0.3 6.0 0.488

Present | LHC | 0-20 470 | 5.62 0.3 6.0 0.481

Old RHIC | 0-10 0.0 5.78 0.2 2.63 0.400

Old LHC | 0-10/20 0.0 6.14 0.2 5.90 0.525
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dE /dx for charm and bottom quark at /syy =200 GeV
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e Collisional energy loss is similar for charm and bottom quark.

e For radiative energy loss, there is large difference between DGLV and
AJMS specially for bottom quark.

e At high pr, radiative energy loss dominates.
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dE /dx for charm and bottom quark at \/syy =2.76 TeV
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e Collisional energy loss increases from RHIC to LHC.

e When we move from RHIC to LHC,the radiative energy loss increases.
e dE /dx for charm quark (DGLV) increases dramatically from RHIC to
LHC because of explicitly L dependence inside the expression.
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Nuclear modification factor Raa

The nuclear modification factor (Raa) is defined as the ratio of yield in
nucleus nucleus (AA) collision to yield in pp collision scaled by a
normalizing factor (Taa), known as nuclear overlapping function.

1 dNAA/dprdy
TAA(b) daPP/dedy

Raa =

If Raa = 1, No medium modification
If Raa > 1, Enhancement
If Raa < 1, Suppression
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Raa for charm quark at /syy =200 GeV
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e DGLV+PP describes the
data at high pr range.

e AJMS formalism reproduces
the data without collisional
energy loss.

Kapil Saraswat, Prashant Shukla and Venktes ICPAQGP 2015

04/02/2015 16 / 25



Raa for D meson at /syy =2.76 TeV
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Raa for B meson at /syy =2.76 TeV
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Raa: Dependence on the QGP evolution model
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e We compare AJMS formalism with present and old QGP evolution
model.
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e We study the two different radiative energy loss formalisms (DGLV and
AJMS). There is large difference between them.

e Collisional energy loss is similar for charm and bottom quark.

e If we add the radiative and collisional energy loss, it does not describe
the data specially in low pr range.

e DGLV+PP are reproducing the data at high pr range.

e AJMS formalism (radiative only) surprisingly reproduces the data in all
measurements.
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Thank You
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Back up slides
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QGP Evolution Model : Old

In old QGP evolution model, the time formation of a quark gluon plasma
is calculated as
T = Lefr /2 (24)

The gluon density at time 7 is calculated as

Lo
TR2T dy

p(r) = (25)
dNg/dy is the rapidity distribution of gluon density.

The temperature of the quark gluon plasma is calculated from the gluon
density

2 o\
() = (1.202 (ON; + 16)) (26)

Nucl. Phys. A784, 426 (2007), Phys. Lett. B715, 183 (2012).
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Integration Limits

The minimum limit of the integration

Qi’min ~ wrznin ~ kﬂmin ~ Mé, (27)
The maximum limit of the integration
3 M2 Mm* M? + 6ET (1 + )
5 0
max — CET,C:*— I
9l 2 T 2ET | 48EZT23, 8 [/\//2 F6ET(1— ﬂo)% )
M2

arXiv:1109.5539, arXiv:9711059 and Chin. Phys. Lett.22, 72 (2005).

2 i 2 2
"J:Znax - < qi >— ql|mm ql|2max | (qﬂmax) , (30)
qL’max_qL|min qL|min

2 2

2 Hg 1 Hg
S e 1
Wmax (1 _B ) og /B 61 CET® (3 )

arXiv:9711059 and Chin. Phys. Lett.22, 72 (2005).
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Integration Limits continue....

Using the relation w = k; cosh 7, the finite cut on w and k; leads to an
inequality

Wmax

kJ_ | min

< coshn. (32)

We can write the above expression as |7|<d, where

5:%Iog [(1—151) log (511> (1—1—
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