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Introduction

[ Jele}

We start from:

Quark-gluon plasma

o Finite temperature
e Unquenched quarks
o Running coupling

o Chemical potential

o T
o Ny~ N,
o A= A(e)
° p
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Probes in D3D7 plasma

Benini et al 06, Bigazzi et al 08, 09, 11 (top-down)
Mateos et al 06, 07 , Erdmenger et al 06
Holographic plasma )
o Black hole
o Smeared flavor branes
o Dilaton profile
o Bulk gauge field

®© 66 o o

rn ~ 1/7T

Ny backreacted branes
A= 47rgcheq)<T)

Ag
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Introduction

(o] e}

Casalderrey-Solana et al 11

Quark-gluon plasma 7

o Quarkonia

e Quarkonia (+lattice)
e (SO)

o Energy loss

(]

Transv. mom. broad.

o J/4 spectrum dN/d*p
o "

e 0

e Nucl. mod. factor RQ(A
°
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Probes in D3D7 plasma

and want to go:

Holographic plasma )

Meson melting
Screening length
Conductivity
Drag force
Diffusion constant

cvs. M,
Va

JDC
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Introduction

Outline

Review: D3/D7 plasmas
D7 probes

o Constituent mass

Quark condensate

Conductivity at finite chemical potential
Quark-antiquark potential

Drag force for a moving heavy quark
Kinetic mass

Jet quenching parameter

Conclusions
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D3/D7 plasma
@000

D3 black hole v

ds? = 15 [—(1 — D)de? + d:zg] n

@ N, D3 at the tip of a Calabi-Yau cone
with base X° (e.g. S°,ThH1)

o D3 extend over R3

@ at finite temperature T <> 7},
\

near horizon Scwarzchild AdS; x X°

£ ( di) +r?dsiep + 17 (d7 + Axp)’
1-%
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Probe D7 in the D3 black hole w0

@ probe D7 wrapping X3 C X° (&,0,¢)
@ D7 extends over R'3 and r

o quark mass M,: string stretching
from the D7 to the D3

\
embedding 7 = 79, x = x(7)

=
=
2
(3
+
o
_|_

s T — 00 J
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D3/D7 plasma
[e]e] le]

Smeared D7 in the D3 black hole s caous cemene wies ramatio o7

e Ny smeared D7 along X5/X3 (x(r))
o Ny~ N.>1
@ smearing preserves A = 1 susy (broken)

@ 7min Still determines the quark mass
N3

smeared embedding form (2

Ny
Z/dstNf/deQQ
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D3/D7 plasma
[e]o]e] )

Backreacted D3/D7 black hole

@ Ny backreacted D7 smeared on X5
e running dilaton A(r) = 47mg, N.e®™)
o Landau pole in the far UV: rpp > 1,

¢

. A Vol(x* Ny
backreaction expansion in ¢, = V:lEX;,; ,l’\(’.’% i

+210d)), <I>=<I>h+€h10g(rL) O(eq),

_ P2 €n 2
) Grr =R (1 - 5 + O(e1))
mJ
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Introduction D7 plasma
e00

Scales in the D3/D7 plasma

rp, sets the temperature

rmin = 0 for background = massless quarks

effective and full theory coincide for r < r,

Landau Pole rip ~ r.el/¢n < 1

©

boundary conditions at r,: G, ¢ = G(®, ¢(®)

(]
Aipiea

validity of expansions: e |log | < 1

Apiea

suosuedxs Aioay1annseye | uoifalajod nepue] \

our range: 1, < 1 <K rRel/n J

=l

@,

U
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D3/D7 plasma

0000000

Flavored vs. unflavored background: temp and energy

Unflavored Flavored
’I“;LO) = 1T R? rn =7TR? (1+ % + O(c}))
0 e € € p
N =22 Ne=\5+= (11— % +0(7)

Comparison scheme

Fixed observables: temperature T', energy density €
Varying parameters: horizon size rj, number of colors N,
As the number of flavors Ny < €, varies

| 2e r 1
= A=28gs 3771 |:1 + €p <10g TTRE 4> + O(Fi):|
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Introduction

D3/D7 plasma

0000000

Parameters in the D3/D7 plasma

@ realistic setup:
e coupling Ap, ~ 67
e number of colors N, ~ 3
e number of flavors Ny ~ 3

¢

@ perturbative parameter €, ~ 0.24

¢

UV cutoff range r < 107y, J
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D7 probes
[ Jelelele]e]

Probe D7 embedding in the flavored background ... s e

o probe D7 wrapping X3 C X5 (&,0,¢)
@ D7 extends over R'3 and r
@ m as boundary condition at oo

e bare mass M, = 3V A, T'm
I

embedding 7 = 79,1 = sin w

2 2
P(o0) ~ T [mo—kco% + en [m1 + mglog 7 + :—’5 (cl + %colog%h —I—)] —|—(9(ei)] J

]
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D7 probes
O@0000

Flavored vs. unflavored embedding

psing

Quark bare mass (dimension-less)

m = mg + €pmy + ...

from holographic renormalization

2 2
P(o0) = T2 [mo—kco:—g—l—eh [m1+molog%+:—§(cl+%colog%h+...)] + O(e
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D7 probes

[e]e] lele]elele

Flavored vs. unflavored background: mass

Unflavored Flavored
1‘}[(]) = 1T R? rp, = 7TR? (1+ 2 + O(e}))
A\Y((:()) - _)7’): 77'7)"—’ :\v(‘ - _)7’): 77'7)"—’ (l o fTh + C)<F}21))
0 0
P = T (1) Famin = T () + enrih (m) + O(c3)

Comparison scheme

Fixed observables: 7', ¢, rest mass m = mg + epmy + . . .
Varying parameters: rp,, N., UV cutoff ryipy
As the number of flavors Ny & € varies
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D7 probes

Constituent mass s
Mc
T
6f Flavored
€, =025
4,
Unflavored
2,
Mq
m=
2 4 6 8 VX T

Tmin 2
dr e2 vV _GttGrr

Th

- #1 /An(€) [(1 4 3%) (rmin(m) — (1)) + Lrmin(m) log r‘:“‘((T")') +. }

=2
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Minkowski vs. black-hole embedding

BH

psing

o Mink: constituent mass M.(m > m.)
@ BH: no M., m < m, + dm,
@ both Mink and BH for m. < m < m, + dm.

U
renormalized DBI4+CS D7 action onshell /.,

Karch O'Bannon Skenderis 05, Albash Johnson 11

OLen 1 7 o B
R A {260 ten (261 + éc°> + 0(6%)} <ar1:?n +n g T O(Ei))J
T E
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Minkowski vs. black-hole embedding

BH

psing

o Mink: constituent mass M.(m > m.)
@ BH: no M., m < m, + dm,
@ both Mink and BH for m. < m < m, + dm.

U
renormalized DBI4+CS D7 action onshell /.,

Karch O'Bannon Skenderis 05, Albash Johnson 11

8Iren _ _1 3 Z 2 8m0 8m1 2
Byn 3V AN [200 +€n (261 4 6Co> F O(eh)] (31/1}1 +€n 9 + O(eh)> J
T e
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Introduction D3/D7 plasm. D7 probes

[e]e]e]e]le] lelel

Quark condensate (e a i ans e o1 o7, Erdmenser veyer and shock o7) N\

en = 0,0.25,0.5

<w>
<> N
N
o20f Unflavor ed om.

015

010

0.05+
005

Flavored Flavored

0.00

‘

|

|

I

|

|

I

|

|

|

I

‘

|

Mg ]

L L , m= | |

05 b 1. o 1 085 g 095 100 1

N W | m 3 Nl ~

N

-0.05

Ty 1 Ol _ Olyen
(W) = 3VIMT G = stmotesns )

= =2V A (E)N(2)T? [2c0(m) + € (2c1(m) + Zeo(m)) + O(e)]

MJ
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D7 probes
{ 1]

Chemical potential

o gauge field A = Aydt + (Bt + Ay)dx
@ only BH embedding
@ density perturbative parameter § o< n,

I
regularity of DBI D7 action at 7,5 =}, + ((E)

<J> — \/N2GD7711GD7,X3 + e_q)GB?’waLg 27TQIE J
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Conductivity « osume e ¢
en = 0,0.25,0.5

Joc
oo
5 Unflavored

10

05
Flavored

05 1.0 15 2.0

€n .
apc 200\/(1— é) (1—92)3+60° (1— L)
7 A7 (0)
NN b g = (s)anq _
NN AT I
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Introduction 3 D7 probes

qq potential Ny

en = 0,0.25,0.5

Vaa
0.1+
M L
0.20 0.2 0.30 0.40
—01p Flavored
Lmax
-0.2F
-0.3F
Unflavored
—04L
—05[ [
-06F
Screening = pair of disconnected strings beyond L. (1, €p,) J
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D7 probes
®000000

Trailing string

—

d Y
A=+ (§) = kst~ t)
1 1

viscous force) diffusion constants }

n= —W%ImGR(F”w:O) k= Gsym(F)‘w=0

Son Starinets 02, Gubser 06, Son Teaney 09, Giecold lancu Miiller 09

Xl =ovt+a2+6X!, X?=0X% X3=6X3 <& F (istantaneous force)

Worldsheet horizon

1

T 1
TS:—<1+—6hv2+...), Ts =Th\/[Y, 7T=—F—=

Ve 8 1—o2 |
[
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D7 probes

Drag force s

en = 0,0.25,0.5

T
1301

1.25F

1.20F

115F
Flavored

1.10
105
1.00
Unflavored
O.}J 012 014 016 O‘.S 110 v

D
f = Mi(m)y = e/ ~Coelal,, = 5VAE T [+ Flogy +O()] |
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D7 probes
[e]e] Je]e]e]e)

QNM

en = 0,0.25,0.5

@ decreasing with flavors
@ u bounded by 27T

Liuba Mazzanti (USC)

dp dx
' =0 il —put
at P oo X

o non-relativistic X; = # < 1

o arbitrary mass m (numeric)

T
2.0

1.5¢

1.0t

Unflavored
Flavored

2 4
Probes in D3D7 plasma

23 /29
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Drag coefficient N

en = 0,0.25,0.5

o
e
Unflavored
1.00}
0.95¢
0.90
Flavored
0.85¢
0.80f
. . . . m
2 4 6 8
— f —_ 1 = / 2 €n 2
K= My (m)yv — Mg (m) 2yv )\S(E)T [1+ 4 log'y—l—(’)(eh)] J
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Introduction 3 s D7 probes

Kinetic mass ya

en =0,0.25,0.5

My
14f
13f
120 Flavored
11f [\_’/—-"
10f

Unflavored
0 2 4 6 g "
_ f _ = T2 €n 2

Mk — pyv T 27w AS(S) ulm,ep) [1 + T} 10g7+ O(ehﬂ _JJ
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Diffusion constants ya

en = 0,0.25,0.5

Ko Ky

KiN=4
2.0

161

Flavored

1.2
1.0 .
Unflavored Unflavored
02 0.4 0.6 0.8 10" 0.2 0.4 06 0.8 10"
%
_ e
KL = T T.Gou
1/2, 2 : 37y%—1
= 12722, /A (e) T? <1+6h—787—2+%10g7> J
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Introduction 3 1 D7 probes

)OO000000e

Jet quenching parameters s

en = 0,0.25,0.5

a. a,
70F 70
60F 60F
50F 50F
40F 40F
%0t Flavored o
20F 20F Flavored
10f Unflavored 10F Unflavored

0‘.2 014 016 018 110 v 012 014 0‘.6 0‘.8 1‘.0 v

v
1/2 . 2_ €
=21 —n2/X,(e) T° (1 + e;ﬁ”ﬂs?l o logv) _J
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Summary of results

Comparison w.r.t. the unflavored plasma

qualitative trend of physical quantities increasing N (decreasing /NV..) J
e constituent mass M./(VAT) e
@ meson melting point M, /(VAT) AV
@ conductivity o/oo e
@ screening length Ls. Ny
e drag force w/T e
e kinetic mass My /(5VAT) A
@ jet quenching G/ (VXT?) e
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Thank you
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