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Abstract: We discuss holographic duals of strongly interacting gauge theories which show properties of p-wave superfluids which in addition to an
Abelian symmetry also break the spatial rotational symmetry. The gravity duals of these superfluid states are black hole solutions with a vector hair
which we construct in a non-Abelian Einstein-Y ang-Mills theory and in the D3/D7 brane setup. The latter allows us to identify the dual field theory
explicitly. After we constructed the vector hair state we study the conductivity and shear viscosity which is non-universal due to the breaking of the
rotational symmetry.
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Why 1s Gauge/Gravity duality
useful for Hydrodynamics?

& Allows ftor simple calculation of
real-time correlators
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Why 1s Gauge/Gravity duality
useful for Hydrodynamics?

*  Allows for simple calculation of
real-time correlators e Diast)

s Low-lying poles determine
hydrodynamic modes and their
dispersiﬂn relations

-« Unambiguous construction of
hydrodynamic description
possible

& Discovery of new transport
coefthcients, e.g. In systems with
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Why Hydrodynamics of p-wave
Superfluids?

¢ Superfluids in general interesting since new
hydrodynamic mode (Goldstone bosons) present,
e.g. second and fourth sound
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Why Hydrodynamics of p-wave
Superfluids?

& Superfluids in general interesting since new
hydrodynamic mode (Goldstone bosons) present,
E.g. SECDnd a.rld fﬂurth Sound { Herzog, Putu; Yarom: Herzog., Yarom|

& [n p-wave Superfluids rotational symmetry also
spontaneously broken = more hydrodynamic modes

& Rotational symmetry 1s often spontaneous]y broken
in condense matter systems, e.g. liquid crystals, d-
wave superconductors
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Outhine

(1) Motivation (over)

(2) Construct holographic p-wave Superﬂuld as black

hOle “rlth VE‘CtOI' hﬂ.l[' Ammon, Erdmenger, Grass, PK . O'Bannon |

(3) Emb&ddj_ng int() Str'il'lg Theor}’ [Ammon, Erdmenger. Kaminsks, PK |

(4) Towards the hydrodynamic description
1. Classification and Decoupling of fluctuations
. Conductivity and Shear Viscosity

_ (5)Summery and Outlook
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Gauge/Gravity Duality

& Type [IB SUGRA on AdS5 X X5
1s dual to
Conformal Field Theory at large V. and large A

in the sense

3 -L .
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Gauge/Gravity Duality

& Type [IB SUGRA on AdS; X X5
1s dual to
Conformal Field Theory at large N, and large A

in the sense

ZSUGRA {@(I r)’r_.;rbdy = QO(I)] — <efd4zfﬁn(:r)(9(ﬂ:)>
¢ Black holes correspond to thermal field theories
& Gauge helds A}, are dual to global currents Jj;

especially vevs A induce finite chemical potenuals 173,
(source) and ﬁmte densities(.J%).




Gravity model

¢ Einstein-Yang-Mills theory with SU(2) gauge group

e——F - F - 1 K5
S:/d‘{r\/—g[ E=0———F _F T | a— 3
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Gravity model

¢ Einstein-Yang-Mills theory with SU(2) gauge group

= /d“rr [Qh : =

—1\)—EF§1,FE“U CEZE
& Superfluid condensate in addition to chemical potential: o
Take (JT') dual to A} (only the vev)




Gravity model

¢ Einstein-Yang-Mills theory with SU( ) gauge group
H.r-

S fdaI\/ [2 Q(R—A)—@FEUF““” CI:E

¢ Superfluid condensate in addition to chemical potential: §)
Take (J7) dual to AL (only the vev)

e (J7') spontaneously breaks U(1)3 down to Z2 and SO(3)
down to SO(2) = p-wave superfluid












































































T [Ammon, Enhncngrr. Kammsk:, PK ]

Embedding in
String Theory

A User’s Gande to the Unnverse

& Gravity model can be embedded into D3/D7 brane
setup

- D3/D7 brane setup dual to N =4 SU(N,.) SYM
coupled to N' = 2 hypermultiplets

& Coincident D7-branes provide a non-Abehlian
gauge hield = Global flavor symmetry
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Embedding 1n
String Theory

-1’; g

ZOMBIE SRING TRBRISTS

A User's Guade to the Universe

& Gravity model can be embedded into D3/D7 brane
setup

- D3/D7 brane setup dual to N =4 SU(N.) SYM
coupled to N' = 2 hypermultiplets

& Comncident D7-branes provide a non-Abelian
gauge held = Global flavor symmetry







Embedding in String Theory

non-Abelian DBI action

& Need
upto(

ehan DBI action (best guess, correct

dﬁEv det Q\/det (Pab [E_-u_v + Exn: (Q— — J)lj ij} + Z:ra’Fub)

Speir = Ip

Exyy =gun+Bun Q=46 +i2xa’ [, 9] E; a.b=0,..., 7
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Embedding in String Theory

non-Abelian DBI action

& Need
up to

elhan DBI action (best guess, correct

Spe1 = Ip

dﬂfmdﬂ (Pab [E.-u_fv + ~ 21m'Fab)

Exyy =gun + @(ﬂ Qj = d‘é +i2ma’ [@i. @k] E; ;fl.,b =, i
i,7=28,9

& Use symmetries of our setup  eimese Kamicki. PK. Ruse 0807 2663
=0 = W -—-6 > Q-5
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Embedding in String Theory

non-Abelian DBI action

-« Need
up to (

elian DBI action (best guess, correct

Som = TofStr ) 4% JRRQ, det (Pus B + E Tty | + 270 )
——= | N - 9
Exmy =gun + %N Q; = 6} +i2ma’ [@‘. *1)*] Eg; {l._f? — T

& Use symmetries of our Setup  rimenser Kamicki. P Ruse 0807 2663
9= -0 > Qg =-8&

-« left Pob[gren] =9ab + (270’)?9;; (0,90, ¥ +i0,9* [Aﬁ q’j]
+i[4,, 8] B — [4,, 9] [4, 9] )
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Embedding in String Theory

non-Abelian DBI action

& Need
upto(

elian DBI action (best guess, correct

d®¢ m det (Pab [E.u.ev + + 2xa’ ab)

Eyy =gun + fz‘(ﬁ Q’; = 5‘]—- +127a’ [@i. @k] E;; a.b=0,....7
i.7=28.9

o Use Symmetl‘ies Of our Sewp Erdmenger. Kamisks, PK. Rust 0807.2663
. t b 5 — &
=0 = =0 5 =&

Spe1 = Ip

& left Poslomn] =ap + (270’ ) 9:; (0.9 0¥ + 10, P" [Ab., @’]
1[40, 8] B9 — [, 9] [4,.97])
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Embedding in String Theory

non-Abelian DBI action

& Need
upta(

elian DBI action (best guess, correct

Spe1 = Ip

d®¢ m det (Pab [E.u_-\' +M + QTFﬂ'Fab)

REN—§ __-9§
Exyny =gun + %ﬁ Q’ = ¢ +i2xa’ [@‘. (I)k] E;; ab=0...., 7
i,7j=28,9

& Use symmetries of our setup  Ecimenser. Kamiski. PK. Rust 08072663
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Embedding in String Theory

non-Abelian DBI action

& Need
upto(

elian DBI action (best guess, correct

d%¢ m det (Pab [E.u..v + + 27a’ ab)

Spe1 = Ip

MN=0...._, 9
Exy =gun + %ﬁ Q; =& +i2ma’ [‘!". @k] Ey; a.b0=0,....7
i, 5=89

& [Use symmetries of our SETUP  Erdmenger. Kamiski. PK. Rust 0807.2663
== W W= =&

& left Pos[gun] =gas + (270’ ) gi; (0,905 P’ M
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String Theory Embedding
Evaluation of Str

~& Str prescription only correct up to fourth order

& We use 2 different approaches:

1) expand action to fourth order
+: include maximal number of terms we can trust
-: approximation breaks down in supertluid phase

2) adapt Str prescription: set (7"‘)2 = 1 nside Str
+: can handle all terms

-: strictly valid only if Ny — o0 problem with
probe approximation
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String Theory Embedding
Evaluation of Str

& Str prescription only correct up to fourth order

& We use 2 different approaches:

3
1) expand action to fourth order . \

+: include maximal number o te:ﬂ‘ Lan trust
-: approximation breaks do pertluid phase

2) adaptﬁ puon set ) — 1 inside Str
e all terms
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Embedding in String Theory
Comparison to Gravity Model

~& D7-branes are probes in D3-brane background.
Background determined by Type [IB SUGRA

St O N7 fd5:1:\/——gR

& DBI action determines embedding of the D7-
branes and the gauge fields on these branes

Spe1 = —Tp7 [ d°¢+/det (P[g] + 2ma’F)

O N.N; | &z/—gF?
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Embedding in String Theory
Comparison to Gravity Model

& D7-branes are probes in D3-brane background.
Background determined by Type [IB SUGRA

Sts D N7 /dszr\/-—gR

& DBI action determines embedding of the D7-
branes and the gauge fields on these branes

Spe1 = —Tp7 [ d°¢y/det (P[g] + 2ma’F)

D NN [ ®z/—gF*

—— _ =
& Action 1s stmilar to EYM action a \/Nf/Nc ere 0
with back-reaction dilaton have to considered, tod ™"




Hydrodynamics
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Effective Theory for slowly varying perturbations
about the equilibrium wingfp K 1, qlnp < 1

EOMs: conservation laws for conserved quantities
vV, I'™ =0, V,J*=10

Constitutive equations:

Dependence on dynamical fields, e.g. velocity u#

Defines transport coethcients, e.g. viscosity
Determinable by microscopic theory
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“® Finite transverse momentum g, 75 0
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Classification of Fluctuations

& Finite transverse momentum dy 75 0
=Rotational symmetrv hrol to Zso

amical and 5+3

L=

cons physical modes

¢ Fimte longitudin2' ... sentum ¢, # 0 or no
momentum = ”Au etry lett
Helicity 2: hyZ, Ay — hzzﬂn 2 physical
Helicity 1: hiy, hzy, Ayr; a; 2x4 physical
HEllCIl'y & ha, e s hyy s, Bes, By Boe;

a a ‘ - 4 physic:al

x? a,
total: 14 physicadsu
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Hehaty 2 (review) =oiiiis
“* Effective action for ¢ = h7 (minimal coupled scalar)
1 1
S =-33 [ £2v=9 5(Ve)’

2K2
& Viscosity 1s given by
11 1
= lim lm — e - rT E
7] w—0 r—oc iLtJQS 252 qgqg ¢

& For w < 1 EoMs trivial
o, I1 = 0 + O(w?9) Or(we) =0+ O(wIl)
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Heliaity 2 (review)

Eovtun, Son, Starinets:
Buchel Lin: i, Iq_,hﬁl_._.

Effective action for ¢ = hY (minimal coupled scalar)

1
e
Viscosity 1s given by
I
— I oy —

w—0 r—oc ]wq&

1
d’z\/—g E(V‘f))z

For w < 1 EoMs trivial
O I1 =0+ O(w?¢) Or(wo) =0+ O(wIl)

Ingoing boundary condition at horizon

N

1

H=—-=v—99 0¢

1

e




Kovtun, Son, Starinet

Hehaity 2 (review) <ol

& Effective action for é=nh (mjnima.l coupled scalar)

S= 2R2 d°zv/— (Vé)
& Viscosity 1s given by
I 1 rr
1= T TaaV e

* For w < 1 EoMs trivial
o1 =0+ O(w?e) Or(wo) =0+ O(wll)

& Ingomg boundary condition at horizon
o n 1 So fa.r true for a.lL Jaw0




Helicity 1 at zero momentum
& The 4 physical modes decouple into two blocks (1+3)

N

I1st block: - g I ey,

dio*waiwe l2otalwe’ L N N
- - ¥ 2 1 l"‘ oy = T s e T et
e S o Bew (r = cr)
u. 4 8 4 e o sf'* 20l 2?9 )
: "('rl e wai N2  of @ P 32 3N

211(1 blOCk: oy = N0 n'( e W)+Fhf;-’*hn(‘2f:f“}fzﬁ)
p( 1 "f' N :r")

—— —_.—._.

" k ”
o _ D, wf‘h.,- o A o e | Y
e e e +ﬂ'(r‘ﬁ'-.’h"’1ﬂ3-3‘1d3)+ ( = * )
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Helicity 1 at zero momentum
& The 4 physical modes decouple into two blocks (1+3)

o=t (20 F) 20
Ist block: T+ (i- ;+?..§)+.;( = - B
- T e (P E )

i £ 8 4 WG o 8T WS ).‘n’:d'q‘)
"(.—1 ~ 'f’o" NG rf P IN?

2walo R o
2ndblock: "m"'W”;( Nig? Y’#’) ﬁ;T ""‘(“EJI:::‘rr frf)
" t-(_l...E_E_”
% r } 3 N o
2,1 b
‘rz‘.wal+”:Wh"£+“'(ﬂ;f‘yfa=’.wé *‘:(‘}E+E}!'“:‘?‘§

-« ]st block = GR = ((Jg']g) (Jgny>)

(Ttng ) (Tty Tty)
= -
2nd block = G™ = (Jgjiv) (Jng) (JgT:g:y,)
e -t -1t
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Helicity 1 at zero momentum
& The 4 physical modes decouple into two blocks (1+3)

ﬁvzﬂw(%*f—i)—zn‘a'a:

f
. L LR N 3f o o 2t
st blOCk' = s (; =y &5 = ;) H’"(- =N = Nig? No2 )_ﬂ
- i ™ e i " S A e
hn:'—_ _\:'lﬂrl n mi _\'15-1 —!ﬂ{l"#h"(;_?_?_;)
' 4 s _,_-': _."!n;f.wzu-; ,If" : ﬁlf’: En:fl'tr: lﬂ:arz)
+ ey _ﬁ _'E _.\‘:d'l‘ = N2 "?""' F - 32 - INSE
w 2wl L f L 0 S\ L (W 2
2nd block: -5 "'( N NP ) 3 ""( e 2 )
+ **(-l...ifl_i_f’.)
%> -~ 3

2nd block = GE =
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Electric Conductivity

-+ Kubo relation: o(w) = i’(Jng)

e

_ _ Y , Reolor)
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Viscosity in general fluids

& Viscosity refers to dissipation due to internal motion
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Viscosity in general fluids

& Viscosity refers to dissipation due to internal motion
T(;fss — _nijkf (6‘:,&1 =) 31“1:) [Landau. Lifshitz]
-« p*7¥l is a rank four tensor with symmetries
nijkf. == T,jikf — nijlk = nkﬁj

irsa: 10100083 Page 75/111




Viscosity in general fluids

& Viscosity refers to dissipation due to internal motion
i1 1 k‘ ; ™ shitz|
Thies =N (et +Opug) "=
e

is a rank four tensor with symmetries

2 - n
piikl — piikl _ piilk _ klis

& In general 21 independent components
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Viscosity in general fluids

& Viscosity refers to dissipation due to internal motion
]?1‘:55 = —-TJIJH (Oru; + Oyuyg) ey
& 17*l is a rank four tensor with symmetries
nijkf = njikf = nijfk = ,qkfij
& In general 21 independent components

& In 1sotropic fluid only 2 independent components

47
Nzzzz = NMyyyy = Nzzzz = &+ ?
27
Nezyy — Nxzxzz — Nyyzz — § — ?
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Viscosity in general fluids

Viscosity refers to dissipation due to internal motion

T3l = —n7* (Opwy + Oyux)

ikl ;

is a rank four tensor with symmetries

skl skl _ _i3tk _ _klig
P g g g

In general 21 independent components

[Landau, Lifshitz]

In 1sotropic fluid only 2 independent components

Nzzzx = NMyyyy = Nzzzz = &

Nezyy — Nrzzz — Nyyzz —

Nxyzy — Nxzzz = Nyzyz — 7]

47

3
=

3

—a PP

Page 78/111
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Viscosity 1n transversely
1sotropic fluids

& There are 5 independent components
Nrxxzx — 61: — A

vy = Trzzz =Sy~ 5 + Tyz

Nexyy = Nxxzz = A,

A
Nyyzz = €y g Tyz -

NMyzyz — Tyz »
Nzyzy — Nzxzzz = Tlzy
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Viscosity 1n transversely
1sotropic fluids

& There are 5 independent components

: 10100083

Nrxrxxr — EI — 2,

Sy —
=

h-'*lb--

nyyyy = Nzzzz —

I}I:ryy — Nxzzz

A
Nyyzz = Ey o Nyz >

Nyzyz = Thyz -

Nzyzy — Nlxzzz = Tlzy

2-::1;5& = _nzy(aruy g 2 ayur)
TiE= — o (Drus + Orus)
Td“““ = — Ny (Ohy iz + O:1y)
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Shear Viscosity from Gravity

==3
By —— I — I {E_T. )

Kubo relations: w—0 W

=
Ny = — Iim —Im (L. T, )

w—0 W




Shear Viscosity from Gravity

==
ey — — lim —Im (TIyTIy)

-« Kubo relations: w—a “i’
T}yz —_— - ]j_[ﬂ —I_[[l (Tszyz)
w—0 W
4=xm/s
: 2 3
145 na:y
13:: a < Qe

12-

1=

10-
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Shear Viscosity from Gravity

—
Tley — — lim —Im (Trysz)

-« Kubo relations: w—0 “i’
M — JE% ;Im (TyzTyz)
-izn;{’s
:4 Nzy : Eaé
13? a < Qe

12-

11

10~
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Shear Viscosity from Gravity

=—1
ey —— e — I {F_ T, )

& Kubo relations: w—0 “i’
My = — im —Im (T,,.T:)
w—0 W
4xn/s
= n & Shear viscosity not
=i = universal
| 13- &< Qs 7’ 1
:.z? S # 471'
i - However viscosity
m; nyz bOUIld va.hd
: 1
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Helicity 1 at zero momentum
& The 4 physical modes decouple into two blocks (1+3)

s
. P~ r s +f e 2t
Ist l)lOCk. % *"(;'T*'.?*? ”‘('r:,a.' < .Tr:r:)_ﬂ
. dotwalwe Ilfemws L., , ., (1 3 N o
S e~ e = '-"“-“"-v(:“}“';-‘":)
= (_i;i_ o Wil AF ST Wi 2P
T*L 2 N N 3N e 3¢ INg

i L — i s
2nd block: -3 “'(“xzuz‘mw > !f: *“"(‘zif‘zfr{")

o M N o

e
‘_qfﬁ-ﬂinmf"ﬁ.-ﬂ;f"zﬂj o »f L 2Ff N o
e R “'(riﬁ N3 W) (‘r f‘\‘.r)
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Embedding in String Theory
Comparison to Gravity Model

~& D7-branes are probes in D3-brane background.
Background determined by Type IIB SUGRA

Sus D N? / d°z/—gR
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“Phase diagram”

002 004 0.06 008
T/p
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Thermodynamics
a > a,
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Grand potantial Entropy
normal phase

superfluid ohase
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“Phase diagram”
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Embedding in String Theory

non-Abelian DBI action

& Need
up to

ehan DBI action (best guess, correct
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Embedding in String Theory
Comparison to Gravity Model

& D7-branes are probes in D3-brane background.
Background determined by Type [IB SUGRA

Sus O N? / d°z/—gR
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Classification of Fluctuations

& Finite transverse momentum dy 75 0
=Rotational symmetrv brokeg to Zo

amical and 5+3

cons physical modes




Classification of Fluctuations

& Finite transverse momentum 4y 75 0
=Rotational symmetrv hroli. to Zs

amical and 5+3

L=

cons physical modes

& Finite longitudina’ . centum ¢, 7 0 or no
momentum = ptl etry left
Helicity 2: hyZ, Ry — B, zb" 2 physical
Helicity 1: hty, hzy, hyr; a, 2x4 physical
HEIIClty 0: htt'} ht:lh h:r:r.-; 4hyy S = hzzn htr: ha:r-: hrr;

e e 4 physical

I? T
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Hehaty 2 (review) <oz
& Effective action for ¢ = h] (minimal coupled scalar)

S=—-= dS:L‘\/_ (Vé)Z

252




Helicity 2 (review) =i

-« Effective action for =5 (mjnlmal coupled scalar)

S 5 2
= 2’;2 d’z/— (Vt;f))
& Viscosity 1s given by
: S J;]Elorh—l»gc iwo - =L r¢

& For w <€ 1 EoMs trivial
O,I1 =0+ O(w?¢) Or(we) =0+ O0(II) |

& Ingomng boundary condition at horizon -
~ . »
Pirsa: 10100083 n 1 ;:ge 95/111
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Helicity 1 at zero momentum
& The 4 physical modes decouple into two blocks (1+3)

w2 F) e
I1st block: .,n-,,(;-£+*_+£)+.¢(-f*-f‘+ A

=y et st

Ry == T g lae e iy (;*T*?"?)
I S =S Wt WAt AF BT WA 20797
TRRYTATN NSt SNeE of P 3 3N

2nd block: == cui( i )+ T2 eha (L2 - L)

(J3J3) (J” Tiy) )

(TeyJ3) (TiyTiy)
(Sidy) (N 5) (N1 Ty

2nd block = G* = | (J3FY) (J373) (J3Tg,)
(T,..,,.J” Y tE It —F

-« lstblock = GE = (

Pirsa: 10100083
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Viscosity in general fluids

Viscosity refers to dissipation due to internal motion

Tdfss — _nijkl (Bkui 3 31“1:) [Landau, Lifshitz]
17kl is a rank four tensor with symmetries

skl T e T | o L
PP

n

In general 21 independent components

In isotropic fluid only 2 independent components

4n
Nzzzz = Nyyyy = Nzzzz = &+ ?
27
Nexzyy — Nxzxzz — Nyyzz — ¢ — “?3"'

nIny —— HIZIZ — nyzyz — n Page 97/111




Viscosity 1n transversely
1sotropic fluids

& There are 5 independent components

Nzzzz — 53: — 2A,

Thyyy = Nzzzz = y_§+'?y:*

Nexyy = Nxzzz = A,

Nyyz:z :gy = Tyz -

Tyeys = Thpas Toy™ =~y (Osty + Oyuiz)
Yyzyz Yz 3 I;i;hh = —I}Iy(a::'u: ¥ 3; Uz}
Nxyzy — Tlxzzz — Tlxzy » iss ‘ - ;
= - 1?; = _nyz(ayu: s - azuy)

irsa: 10100083

Page 98/111




Shear Viscosity from Gravity

=—13
e —— I — (T T, )

& Kubo relations: w—0 “i’
My= = — im —Im (T, T):)
w—0 W
4=n/s
:4 Nzxy : E%
13% a < Qg
II'-:—
LI-
£
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S - Realization of holographic p-wave supertluids by
U  black holes with vector hair

M Order of transition depends on number of charged
M degrees of freedom

A
R

Y -* Non-umiversal behavior of shear viscosity 5

&

& String Theory Embedding D3/D7 brane setup
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Shear Viscosity from Gravity

=
Ty — — Iim —Im (TIyTIy)

& Kubo relations: w—0 “{
My= = — im —Im (T, T):)
w—0 W
dxn/s =
: ™~ T
:.4.-:1 Nzy N
1_1_E < Q.

12-

LL-

10-
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Shear Viscosity from Gravity

—_—
ey —— Im — (T, )

-« Kubo relations: i “{
nyz —_— ]jIﬂ _I]]:l (Tszyz)
w—0 W
47n/s

: " & Shear viscosity not
A4- A -
= - universal
13- < G, n ]_
t.z;— S # 47
Lt -« However viscosity
mé nyz bOl]Ild Va.lld

: 1

Pirsa: 10100083 s 10 Tch 15 2 >‘ = Page 104/111
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Viscosity 1n transversely
isotropic fluids

& There are 5 independent components

Nxzzxz = 6.: —2ZA,

Myyyy = Mz2zz =Sy — 5 T Tz

Nexyy = Nxxzz = A,

Thyy=zz :éy — ; = Nlyz >

Nyzyz — Tlyz >
Nezyzy — Nzxzzz = Tlzy

irsa: 10100083
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Viscosity 1n transversely
isotropic fluids

& There are 5 independent components
Nrxxxr — 6.1: — 2A,

Nyyyy = Nzzzz = Sy — 9 . Thyz
Nexzyy = Nxzzz = A,
¢ A
Nyyzz = y_;_’?yz- .
—— = Tfrl-'& = —Nzy(OzUty + Oyliz)
yzyz Yz T:;‘*"’ = —q_,ry(azu; + 0:u;)
Neyzy — Nzxzzz — Tlxzy » 1SS . 1
g : T;l: = —Nyz(Oyu. + 0:uy)
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Shear Viscosity from Gravity

- —1%
ey — — I — I (E _T. )

Kubo relations: w—0 W

==
Ny = — lim —Im (T,.T}-)

w—0 W




-

4xn/s
14-
13-
12-
11-

10-

Shear Viscosity from Gravity

St )
nzy - — ]_]_'[ﬂ —Im (TIyTIy)

Kubo relations: g “{
nyz - — u]_;]PEO ;Iﬂl (Tszyz)
a < a.

Pirsa: 10100083
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S - Realization of holographic p-wave superfluids by
U black holes with vector hair

M ¢ Order of transition depends on number of charged
M degrees of freedom

A
R
Y -* Non-universal behavior of shear viscosity %

& String Theory Embedding D3/D7 brane setup




S - Realization of holographic p-wave supertluids by
U  black holes with vector hair

M. Order of transition depends on number of charged
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A
R
Y ¢ Non-unmiversal behavior of shear viscosity %

& String Theory Embedding D3/D7 brane setup

O

U -+ May shed light on non-conventual

T superconductors due to QCP

L
(O * More transport coethcients

0O to analyze A /
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M degrees of freedom

A
R
Y -* Non-unmiversal behavior of shear viscosity %

& String Theory Embedding D3/D7 brane setup

O

U -+ May shed light on non-conventual

: superconductors due to QCP l/t .
o

L
(O * More transport coethcients
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