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Hyperscaling violation
cf. [Kiritsis’ talk]/

volume scales not
like (lenght)™mension

bigger on the
inside ...

spatial volume scales
with reduced
dimension : n — 0

hidden Fermi surfaces

cf. [Cremonini’s talk] [AdS/CMT diss.]
compressible states

BN of. [Igbal’s talk] [Ammon’s talk]
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Probe D-branes

AdS boundary t, T
R >
P

probe D-brane

origin/horizon

Matthias Kaminski Hyperscaling Violation on Probe D-Branes Page 3

Friday, February 15, 13



Probe D-branes

AdS boundary t, T
R >
P

probe D-brane

origin/horizon

Matthias Kaminski Hyperscaling Violation on Probe D-Branes Page 3

Friday, February 15, 13



Probe D-branes

AdS boundary t, T
R >
P

probe D-brane

origin/horizon

Matthias Kaminski Hyperscaling Violation on Probe D-Branes Page 3

Friday, February 15, 13



Probe D-branes

AdS boundary t, T
R >
P

probe D-brane

i D3/D7 and D3/D5 nonrelativistic
result region Wi.th
=1 =29 hyperscaling
047 1) violation near
7 phase transition

cf. [AdS/CMT discussion/ [Gauntlett’s talk/
[Huijse, Sachdev, Swingle; PRB (2012)]

[Dong et alf; (2012) [Janiszewski, Karch; (2012)]
[Donos, Gauntlett, Sonner, Withers; (2012)]
[Gouteraux, Kiritsis; JHEP (2011)]
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Outline

|. Critical scaling exponents
Il. Our argument

lll. Probe D-branes

V. Conclusions
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Continuous phase transitions

A

(order parameter) = 0

disordered

T=1.¢ Critical exponents:
e~
(order parameter) # 0 Ty fz

ordered
C~71 ¢

Matthias Kaminski Hyperscaling Violation on Probe D-Branes

Page 5

Friday, February 15, 13



Continuous phase transitions

(order parameter) = 0

disordered

T =1,

(order parameter) # 0
ordered

Matthias Kaminski

A

Hyperscaling relation

ny =2 — o

Critical exponents:
T
Z
Tcorr ™ 5

C ~77¢ = T
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Continuous phase transitions

p
4 |Violated hyperscaling
relation

(n—0r=2—«

(order parameter) = 0

disordered

[Fisher; PRL (1985)]
T=1.¢ Critical exponents:

£~

z
Tcorr ™ 5
ordered T — T,

C~71 ¢ T

(order parameter) # 0
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Continuous phase transitions

p
4 |Violated hyperscaling relatio

in quantum phase transition
n+z—0r=2-—a

(order parameter) = 0

disordered

Critical exponents:

Err
(order parameter) # 0 Ty fz
ordered T_T
o—> C~71 ¢ T
T. =0
Ie
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Continuous phase transitions

p
4 |Violated hyperscaling relatio

in quantum phase transition
(order parameter) = 0
disordered (n T2 - 9>V =2—q
Critical exponents:
g~ T
(order parameter) # 0 Teory ~ 5 z
ordered . T-T.
o—> C~rT T T.

T, =0
Organize all possible phases into

universality classes.
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Desired theory at zero temperature

quantum phase transition: [’ = ()

p#0

A QFT with transition:

disordered ordered

O
’fM M::LLC:M

>

hyperscaling violating: 0 y 2

spatial dimensions: 77

charge density: d
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Desired theory at zero temperature

quantum phase transition:

single A energy
dimensionful

scale:
i=p— MW .0
n<< M E

T =0
p#0

QFT with transition:

disordered ordered

O >
p=te =M
hyperscaling violating: 0 y 2

spatial dimensions: 77

charge density: d

Matthias Kaminski

€ =€— €st = —P+ pd—Md=—p+ id
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Main argument

~ n—~0
e=—p+ud=7p
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Main argument

--------------------------------------------------------------------------------

single
[6] = zZ+n — 9 dimensionful
scale: IL_L

--------------------------------------------------------------------------------
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Main argument

--------------------------------------------------------------------------------

single
[6] = zZ+n — 9 dimensionful
scale: IL_L

--------------------------------------------------------------------------------




Main argument

_ n — 0
e=—p+ pd = p
Claim 1: e=p (D3/D7 thermodynamics: n = 3 )
— 3—0==z
Claim 2: w ~ %k (D3/D7 speed of sound)
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Main argument

_ n—~0
e = —p+ jd = p
Claim 1: e=p (D3/D7 thermodynamics: n = 3 )
— 3—0==z
Claim 2: w ~ 4/ %k (D3/D7 speed of sound)

/2 + [k = 2/2+ D

= 2z =2 — =1
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Main argument

_ n—~o
e = —p+jd= p
Claim 1: e=p ¢ —= g (D3/D7 thermodynamics: n = 3 )
(D3/D5: n = 2)
2z
j 3 e = 2 2 - 9 — 5
Claim 2: w ~ 4/ %k (D3/D7 speed of sound)

/2 + [k = 2/2+ D

§ =1 identical for D3/D5

|

— 2z =2

Page 8
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Probe D7-branes

[Karch,Katz; JHEP (2002)]
cf. [Ammon’s talk]/

N. D3-branes
dualtoN =4 SYM with SU(N,)
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Probe D7-branes

[Karch,Katz; JHEP (2002)]
cf. [Ammon’s talk]/

- N :D7-branes

f
dual toN =2 SU(Ny) flavor

0(1]12(3|4(5|6|7[8]9
N.D3 | x|x|x|x
NeD7T | x| x| x| X|X|X|[X]|X
NeyD5 | x| x|x X | X | X
. N¢ D3-branes
8,9 dual toN =4 SYM with SU(N,)
p 4,5,6,7
~y
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Probe D7-branes

[Karch,Katz; JHEP (2002)]
cf. [Ammon’s talk]/

N;D7-branes
dual toN =2 SU(Ny) flavor

0123456789
N.D3 | x|x|x|x
NeD7T | x| x| x| X|X|X|[X]|X
NeyD5 | x| x|x X | X | X

N. D3-branes
.

8,9 dual toN =4 SYM with SU(N,)
I/’ 4,5,6,7
-
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Probe D7-branes

~quark
mass

[Karch,Katz; JHEP (2002)]
cf. [Ammon’s talk]/

N;D7-branes
dual toN =2 SU(Ny) flavor

0123456789
N.D3 | x|x|x|x
NeD7T | x| x| x| X|X|X|[X]|X
NeyD5 | x| x|x X | X | X

N. D3-branes
dual toN =4 SYM with SU(N,)
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8,9

I/’ 4,5,6,7
—

Matthias Kaminski

Probe D7-branes

~quark
mass

[Karch,Katz; JHEP (2002)]
cf. [Ammon’s talk]/

N;D7-branes
dual toN =2 SU(Ny) flavor

0123456789
N.D3 | x|x|x|x
NeD7T | x| x| x| X|X|X|[X]|X
NeyD5 | x| x|x X | X | X

N. D3-branes
dual toN =4 SYM with SU(N,)

Chemical potential: At
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Exact solutions
Fixed metric

4—n
d82 — H(T) 77#1/ dxﬂdx" + H_l(r) (dpz + deSQS" + dy2 + Z d:lz)
=1

4—n
rP=p i) 2 H(r) =r2/R?
i=1

DBl-action Spen+1) = —~NfTp(ant1) /d2n+2€ Vv —det(gap + 21 Fyp)
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Exact solutions
Fixed metric

4—n
ds® = H(T) ymx dxtdz" + H—l(r) (dpz + deS%" + dy2 + Z dzzz)
Ary i=1

KT H(r) = 12/ R?

DBI_aCtlon SD(271.+1) = _ArfTD(‘Zn.—{—l) /d2n+2£ \/_det(gab + 27 ab)

HD(272+1) = /(]/)L: = —.;"\"".n‘ (]/)/)72. \/1 i ’//(/))2 _ (27‘—(\/)2‘_1;(/))2

Two constants of motion

oL 1 oL l
_ - — |
- - . '-— -~ ’. , \
(5!/’(/)) (2,«(1’) (5‘.4{(/)')
Exact solutions
2w c 1 1 1 N2pom N
vip) = ﬁ P2k (% 5: bk 2n ; A2 ('2) -

' () — —g....
| 1 d 11 1 N2p + $2 Sren
Ap) = - o (o 31+ )
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Exact solutions
Fixed metric

4—n
d82 = H(T’) ymy dztdx” + H_I(T) (dpz + deSQS" + dy2 + Z d:lz)

1=1

ri’:p'z-l—yQ-I—Z:z;-2 H(r) =r%/R?
i=1

DBI_aCtlon SD('271.+1) - _ATfTD(Qn—{—l) /d2n+2£ \/_dEt(gab + 27! 'ab)

SD(2n+1) /(]/)C = —N,, /(l/)/)n \/1 + 1y'(p)? — (2ma’)2Al(p)?

Two constants of motion

Y 1 oL
oy (p) s (2mal) AL (p) Bk
Exact solut1ons relate to physical parameters
4 N 1/)271 N\
u(p) = _ N )

’2 ; - .
— 2 3/ )n >n d2 — ¢2 O
o 'n

1 1
)2Fl )—3 1+ S

) )
2n d¢ — c*
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D-brane thermodynamics I

Grandcanonical potential D3/D7 case
B _ TARIT/6) 9 993 1 2 ar2\2
= —Sren = — _lﬁ'/\f?’l/g (d —C ) — _163(# - M )
1 . .
= p= 1c?,(#f’- — M?)? f=e—sT

— f=Q+pd= %Cs(#z - M?)(3p° + M?)
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D-brane thermodynamics I

Grandcanonical potential D3/D7 case
_ _ PAB)I(T/6) o 993 1 2 ar2\2
= Sren = 4ﬁN31/3 (d C ) — 4C3(# M )
1 . .
= p= ch(#? — M?)? f—=€—sT

= = Q-+ pd = 7C3(* — M2)(3p2 + M?)

Nonrelativistic thermodynamic quantities:

O =—p=—C3M*p?
e=f = 203 M3[
pn<< M c=d = 2C3M?*[i
e=¢e—dM = CsM?p?

p=p—M

Observe nonrelativistic

regime near transition —. ( Claim 1 )
e=1p
\ J
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D-brane thermodynamics II

Speed of sound

Pressure and
energy density

Matthias Kaminski

D3 /D7 case

2 _ Op
Oe

Vs

> (9p/op) p? — M? i

U Sh — : - — : N
(De/dp)  3p?> —M?* M
- )
Claim 2 o
w = k\/a/M+O(k% [i%)
> J
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Zero sound

(confirms Claim 2)

Dynamical derivation of claim 2 (fluctuations)

Ai(t,z, p) = A(p) + a(t, z, p)
Az(t, z, p) = az(t,z,p)

A (t,z,p) = a,(t,z,p)
Ai(t,z,p) = 0.

Field /coordinate redefinitions, Fourier trafo

E+<2 Lo, 1t ll,:Qfl ) f8f3( 2f _KE ja kz_chQX

2 g hfsk?—wlf hfs k? —w?f

hfs k* —w?fi hfs k* —w?fi

.. L2 2 _ . L2 )
X+(,+§+ = )X“L@( - )X+ k=

Limits p ~ 0, w/p <1

D3 /D7 case

=0,

0.

6 pages of appendix in [Ammon, MK, Karch; JHEP 2012]
related analysis [Ammon, Erdmenger, Lin, Muller, Shock; JHEP (2011)]

12 _ ;2
i[wz\/§I[2_;L2k+,33k2+...]i w =~ k\/2a/M
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Zero sound

(confirms Claim 2)

Dynamical derivation of claim 2 (fluctuations)

Ai(t,z, p) = A(p) + a(t, z, p)
Az(t, z, p) = az(t,z,p)
A,(t,,p) = a,(t,,p)
-Ai(t:a’* p) =

Field /coordinate redefinitions, Fourier trafo

. 2 7 _ o2 2
E+<2 N )E+@( 2 g Jr K- y

2 g hfsk?—wify hfs k2 — wfi

hfs k* —w?fi hfs k* —w?fi

) 2 _ 2 2
X+(,+§+f5 — )X B ) e

Limits p ~ 0, w/p <1

D3 /D7 case

=0,

0.

6 pages of appendix in [Ammon, MK, Karch; JHEP 2012]
related analysis [Ammon, Erdmenger, Lin, Muller, Shock; JHEP (2011)]

i[w— ]{‘If;_# "*N? wNA\/Qﬂ/A
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Scaling emerges at intermediate scale

AdS boundary t, T

>

probe D-brane

e D3/D7 and D3/D5 nonrelativistic
result region Wi.th
=1 =29 hyperscaling
047 1) violation near
7 phase transition
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Finite temperature

From critical phenomena T
12—
e g<ww>

On D-branes

flp, M,T) = f(p, M, T = 0) + 7dT + O(T?)

fn.on.—rel.(/-l‘a A[ T) — ng([LQ o AIZ)('-)’#Z + AIZ + 47!',U~T T 4‘7\[1“) + O(Tz)

T
2'; ]

fn.on—'rel.(,aa A[ T) = Cgf\-’f‘zﬁ.‘z []_ -+

Err
:>[ 2v =1, a=0 ]

C~717¢
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Conclusions

hyperscaling violation from probe branes

exact field theory known

= hidden Fermi surface; correlators, conductivity
= non-relativistic hydrodynamics
= non-equilibrium

= topological phases
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Conclusions

hyperscaling violation from probe branes

exact field theory known

= hidden Fermi surface; correlators, conductivity
use techniques from [Ammon, Erdmenger, MK, O’Bannon; JHEP (2011)]

= non-relativistic hydrodynamics
in progress: [MK, Moroz, (...)]

= non-equilibrium

= topological phases
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