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Abstract: | will discuss some ambiguitiesinvolved in using the AAS/CFT correspondence

to calculate the ultra-relativistic jet quenching parameter for quarks moving in

an N=4 super Yang-Mills thermal bath. Along the way, | will investigate the behavior of various string configurations on a five-dimensional AdS
black hole

background.
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Ambiguities in applying the AdS/CFT
correspondence at finite temperature

(Maldacena 1997)
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Ambiguities in applying the AdS/CFT
correspondence at finite temperature

First, a brief review of the zero temperature case:

ADN =4 SU(N.) SYM = IIB strings on AdSs x S°
for large N, and 't Hooft coupling A = g%, NG

(Maldacena 1997)
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Wilson loops in AdS /CFT

rL/"
At (Rey, Yee;
Maldacena 1998)

'S
<W(C) >=¢'
27t0£
ox* odxV
where G = det [Spv s 80‘5]
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Wilson loops in AdS/CFT
o=
At
S -E

\ \/glz,MN
L

Equations of motion — ['~

Pirsa: 06110014



Wilson loops in AdS/CFT
o=
At
S -E

\ \/ng,MN
L

Equations of motion — ['~

& oulombic interaction






Turning on the heat

*ém“
4 At (Rey, Theisen, Yee;
Brandhuber, Itzhaki
Sonnenschein,
Yankielowicz 1998)
R g
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AdS black hole metric:

2
ds2=;22( fdt* +dx;) A fzf—ldrz

(TR*T)*
r4

Relating distance and time in each theory:

AxH — Ax§UGRA

where f(r) =1
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To determine the g factor :

Do strong-coupling calculation in YM theory
such as the correlation function

< 0O(x1) O(x2) >
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String on background of AdS black hole
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String on background of AdS black hole

? 3
e I -
(Rey, Theisen, Yee;
Brandhuber,Itzhaki,
Sonnenschein,
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String on background of AdS black hole
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Brandhuber Itzhaki,
Sonnenschein,

o0 YankielowiczZ<1998)



String on background of AdS black hole

.critical distance L. :

(Rey, Theisen, Yee;
Brandhuber Itzhaki,
Sonnenschein,
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String on background of AdS black hole

) , e
fritical distance L(.hi 0.4
: : LC ~
e EE——— T
(Rey, Theisen, Yee;
Brandhuber Itzhaki,
Sonnenschein,

prs:oo11014 Yankielowicz“1998)



String on background of AdS black hole

icritical distance L, 0.4
. L L .2——
e T
(Rey, Theisen, Yee;
Brandhuber, Itzhaki,
Sonnenschein,
- Yankielowicz1998)

screening length is g(g7,,N.T) L.



Two strings for a given L < L,

(Chernicoff, Garcia,
Guijosa 2006)

short string
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Two strings for a given L < L.

(Chernicoff,Garcia,

Guijosa 2006)
) Py

short string

Long string is unstable and decays into short string

(Argyres,Edalati, V-P;
Friess,Gubser,Michalogiorgakis, Pufu 2006)
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Steadily moving string

Embedding: t =1, x=vt, y=0, z=0, r = r(o)

L
Boundary conditions: r( + 5) —
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Two strings for a given L < L.

(Chernicoff,Garcia,

Guijosa 2006) 5
/ \

Long string is unstable and decays into short string

(Argyres,Edalati, V-P;
Friess,Gubser,Michalogiorgakis, Pufu 2006)
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Steadily moving string

Embedding: t =1, x=vt, y=0, z=0, r = r(o)

/
Boundary conditions: r( - E) = 1y
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Steadily moving string

Embedding: t =1, x=vt, y=0, z=0, r = r(o)

L
Boundary conditions: r( + 5) = 17

dr\2 1 —y* PR 1+a24
(5) 5 a2r3R4 (r _rO)(r il rU)
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Steadily moving string

Embedding: t =1, x=vt, y=0, z=0, r = r(o)

/ ]
Boundary conditions: r( + —) =

2
Rt v . Al N
(%) = a2r8R4 (r _rO)(r 1—V2 r[))
: b 1 +a%\ 3 el
Reality condition: r > (l 2) ro
— v
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Steadily moving string

Embedding: t =1, x=vt, y=0, z=0, r = r(o)

L
Boundary conditions: r( + 5) = 1y

dr\2 1 —* & cauif o 1—!—::124
(%) g a2r3R4 (r —ro)(r ] — 2 ro)

/

ro

1 +a*\ 3
Reality condition: r > ( ; 5.3 a2 ) .
—V

String never reaches event horizon
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Steadily moving short string with v |

v/
- Ar;k! 5 SDUGRA
- A f(r7)
e
where f(r7) =1 — o 4T)
"
e W -
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Steadily moving string

Embedding: t =1, x=vt, y=0, z=0, r = r(o)

L
Boundary conditions: r( = 5) = 1y

dr\2 1 —y° 2wl 1+a’ 4
(%) 9 a’ryR* (r —ro)(r 1 —y* ro)

/'

ro

: = 1+a?\
Reality condition: r > ( ; 2)
—V

String never reaches event horizon
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Steadily moving short string with v |

/4%
ad _ AxH i SDUGRA
S s f(r7)
214
where f(r7) =1 — (e 4T)
9
RS e e
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Steadily moving short string with v |

%

=l

1

w_ A SUGRA

!

T A
Ar f(r7)
Increasing velocity U wihese 1 s (‘I[R;T)'l
=
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Steadily moving strings with v |

=)

V /v
Ad SUGRA
1*_}'{! i ﬁ"';’ e Vv
| Aa™ f(r7)
(=R*T)*

where f(r7) =1 — 2
i~
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Steadily moving strings with v |

“ A
d _ Arf" 3 1.SUGRA
A f(r7)
(=R*T)*

where f(r7) =1 — 3
rs
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Steadily moving strings with v |

=)

V
| pras m.#d ¥, SDUGRA

!

.

(=mR*T)*

Increasing velocity ;
O : where f(r7) =1 — 3

p

-
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Steadily moving strings with v |

Increasing velocity

As in the static case, the long string is unstable

(Argyres,Edalati, V-P;
Friess,Gubser,Michalogiorgakis, Pufu 2006)
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Steadily moving strings with v |

7/

e

w  Agd SUGRA

!

G | an Ardd = f(!";r)
2\4

where f(r7) = —(RR4T)
.

As in the static case, the long string is unstable

(Argyres,Edalati, V-P;
Friess,Gubser,Michalogiorgakis, Pufu 2006)
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Steadily moving strings with v |

—

'V

w  Agd SUGRA

!

i Ar3d o f(!"})
ZR2T)4
where f(r7) = —(RR4T)
~

As in the static case, the long string is unstable

(Argyres,Edalati, V-P;
Friess,Gubser,Michalogiorgakis, Pufu 2006)
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Steadily moving long strings with v
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Steadily moving long strings with v

=
e——
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Steadily moving long strings with v
ﬁ,i..

|

A cusp develops for a certain

range of velocities
(Argyres,Edalati, V-P 2006)
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Steadily moving long strings with v

—

A cusp develops for a certain

range of velocities
(Argyres,Edalati, V-P 2006)

ST Indicates breakdown in our description = ==



Extracting the friction coefficient

(Herzog,Karch,Kovtun,Kozcaz, Yaffe 2006)

String with single endpoint on probe brane
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Steadily moving long strings with v

vV
q-\«—r ’ s
'| Ir-':

\lj

A cusp develops for a certain

range of velocities
(Argyres,Edalati, V-P 2006)

e Indicates breakdown in our description = ==



Extracting the friction coefficient

(Herzog,Karch,Kovtun,Kozcaz, Yaffe 2006)

String with single endpoint on probe brane
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Extracting the friction coefficient

(Herzog,Karch,Kovtun,Kozcaz, Yaffe 2006)

String with single endpoint on probe brane

——
timelike solutions ro
———— e e e e U= i
spacelike solutions (1—v)s
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Extracting the friction coefficient

(Herzog,Karch,Kovtun,Kozcaz, Yaffe 2006)

String with single endpoint on probe brane

Vv
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Extracting the friction coefficient

(Herzog,Karch,Kovtun,Kozcaz, Yaffe 2006)

String with single endpoint on probe brane

E
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Extracting the friction coefficient

(Herzog,Karch,Kovtun,Kozcaz, Yaffe 2006)

String with single endpoint on probe brane

E
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Conserved worldsheet current

d
H_?‘r:rg = _p = _l-lp T \/XTz

dt o | —
vl A= 2 My, (T)

friction coefficient

For non-relativistic motion,

2nVAT3

| %

jet quenching parameter § =



Conserved worldsheet current

d
Hfrj ‘r*:!'o = —8 — —HP-. T \/XTz

dt -y —
v A= 2 My, (T)

friction coefficient

For non-relativistic motion,

2V/AT3

| %

jet quenching parameter § =

Used supergravity time interval

—ia =8V =g \/f(r)n
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Pirsa:

Conserved worldsheet current

d
Hftj ‘!‘:r{) = = — —HP..__ n VAT?

dt - | —
vl A= 2y, (T)

friction coefficient

For non-relativistic motion,

2V AT

| %

jet quenching parameter g =

Used supergravity time interval

d
—da= sV wp =g \[f(r) p

“Need to determine before extracting actual valiié”



What is the mechanism for energy loss?

E
!

vV

/
e
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What is the mechanism for energy loss?

/ 2
!

]—;
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What is the mechanism for energy loss?
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What is the mechanism for energy loss?

E
!

]—}“’

E
o <

Radiating closed strings?
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Extracting the jet quenching parameter
in the ultra-relativistic regime

(Liu,Rajagopal, Wiedemann 2006)
1 A 2
— T gAtL
<W >=¢e 41

is taken as a non-perturbative definition
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Extracting the jet quenching parameter
in the ultra-relativistic regime
(Liu,Rajagopal, Wiedemann 2006)

< W >= e~ 390117

is taken as a non-perturbative definition

This suffers from the g-factor ambiguity

<W >=¢®
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Extracting the jet quenching parameter
in the ultra-relativistic regime
(Liu,Rajagopal, Wiedemann 2006)
_ 1 Apalr2
< W >=¢ 39AL

is taken as a non-perturbative definition

This suffers from the g-factor ambiguity
A
_w >—c

Use spacelike strir{g solution?
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Lightlike limit

(regard as formal procedure and see where it leads...)

Timelike (v<1) and spacelike (v>1) worldsheets

Only spacelike worldsheets

probe D7-brane

Event Horizon
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Lightlike limit

(regard as formal procedure and see where it leads...)

Timelike (v<1) and spacelike (v>1) worldsheets 1
Fo
e 1 > OO
Only spacelike worldsheets ( = vz) 3
\j

probe D7-brane

Event Horizon
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Lightlike limit

(regard as formal procedure and see where it leads...)

Timelike (v<1) and spacelike (v>1) worldsheets T
Fo

= > OO

]
Only spacelike worldsheets ( 1 — vz) 3

. (\/ rim—wo

probe D7-brane

Event Horizon
r=—rg
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Lightlike limit

(regard as formal procedure and see where it leads...)

Timelike (v<1) and spacelike (v>1) worldsheets 1
Fo

r = I > 00
Only spacelike worldsheets ( 1 — vz) 3

. (\/ riﬁ—wo

probe D7-brane

Event Horizon
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This limiting procedure is ambiguous
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Many branches of solutions

(S)o (a): (b): (c)1

Considered by Liu et al
g # 0, yet has no drag

Leading contribution to Wilson loop
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Many branches of solutions

(S)o (a): (b): ()1 (a)2

Considered by Liu et al
g # 0, yet has no drag

Leading contribution to Wilson loop

ylelds g = 0, which is consistent with no drag
prs: 011014 (Independent of ambiguities) =~ rwewma












Many branches of solutions

(S)o (a): (b): (c)1 (a)2

Considered by Liu et al
g # 0, yet has no drag

Leading contribution to Wilson loop

ylelds g = 0, which 1s consistent with no drag
S—" (Independent of ambiguities)



To compute jet quenching directly,
we need an alternative solution...
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To compute jet quenching directly,
we need an alternative solution...
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To compute jet quenching directly,
we need an alternative solution...
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Many branches of solutions

(S)o (a): (b) 1 (c)1 (a)2

Considered by Liu et al
g # 0, yet has no drag

Leading contribution to Wilson loop

ylelds g = 0, which is consistent with no drag
S— (Independent of ambiguities) = rwewons



Many branches of solutions

(S)o (a): (b): ()1 (a)2

Considered by Liu et al
g # 0, yet has no drag

Leading contribution to Wilson loop

yields ¢ = 0, which 1s consistent with no drag
S— (Independent of ambiguities)



To compute jet quenching directly,
we need an alternative solution...
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To compute jet quenching directly,
we need an alternative solution...
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Further Directions

e Resolve ambiguities before extracting certain quantities
(compute distance-dependent quantity at strong coupling)
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Further Directions

e Resolve ambiguities before extracting certain quantities
(compute distance-dependent quantity at strong coupling)

® Which string configurations are physical?

® What is the physical mechanism for quark energy loss?
Corrections in string action due to closed string coupling?

e Computing ultra-relativistic jet quenching parameter



Calculate jet quenching from realistic gravity duals

(Buchel 2006)




Calculate jet quenching from realistic gravity duals

(Buchel 2006)

Numerical generalization of Klebanov-Strassler
type solution away from extremality

(Pando Zayas, lerrero-Escalante 2006)







Thanks for listening




