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MOTIVATIONS

Non Fermi Liquid/ Non BCS

some unconventional features
ReCe(CuO)

Strange Metal phase, examples:

- p~ T" with n function of the
doping and varying in [1,2].

Strange

Metal - Drude tail falls off with non integer
power law, example w?/3.

Temperature

High T, SuperC phase, examples:

- d-wave order parameter
- T, around 100K
- CemT"for T < Te.

Electron Dgping



MOTIVATIONS

The Spin Fermion Model

ReCe(CuO)
Spin-Fermion , AF .
IRE<A A Eq
Strange Ls=g sz,kﬁcw—ﬂ,k—q §Q,q

Metal Lf= ij,kcgl(w> k)c, k

l:s = Xal(qa Q) Sﬂ,qsﬂﬁq

Temperature

Go(w, k)1 = w — (k)

Xo(@.a)t = (€724 (a - Q) - (2/w)?)

Electron Doping



MOTIVATIONS [1005.1288, SACHDEV AND METLITSKI]

g2

Loop contr. organized in powers of A ~ ?
|72

Results
- d-wave from BCS at H.S : Ax = —Agq-

- NFL from Loop corrections:

G;ls ~ signw+/ilw| — VK

e(k)/= vk + vk Limitations
ek + Q) = vyky — vicks - strong coupling
vf— = vX2 + vf

- No quasiparticle at H.S.

- Large N exp. not under control
Hot spot: point X € FS such that 3 y with

the property: X —y =Q
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AdS /CEFT MINIMAL STRUCTURE

Large N gauge theory Classical gravity
d dimensions d + 1 dimensions

2 L2
aAdSy11 spacetime ds? = %(—dt2 + dx?) + ﬁdr2

scalars m®> = A(A — d)

Warp Factor formal
Field A
Theory bo/r source
(Z)(r’ X,LL) =
0 r — o0

O/rB+ vev

I
I
r =

AdS {t,{(:} N )\{ti.)?} r—r/A < O> -z
CFT {t.x} - {t,X}/s E—sE eXp/gb0 CFT Grav (d0)
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AdS /CEFT MINIMAL STRUCTURE

Large N gauge theory Classical gravity
d dimensions d + 1 dimensions

2 2

L
AdSy1 spacetime ds® = p(—dt2 +dx?) + ﬁdr2

gauge boson A = A, dx"

Warp Factor formal
Field Sp source
Theory
A(r ’ X#) =

j/rd_2 vev

L
r
r=0 r— oo

AdS {t,%} — Mt, X} r—r/A / m — o NV2Scass(A)
CFT {t,X} = {t,X}/s E—~sE <eXp (SOJM)>CFT ©




BASIC LAGRANGIAN DENSITY

1 1 1 [
— =~ [p_= pwo = _
Ll Aus € = 5.5 [R = 7 FunF™ = 5D,CDPC = V(I¢])]
The ansatz

dr2 Audxt = &(r)dt
ds?> = —g(r)e XNdr? 4 (1) + r? dX3,

& ¢l = n(r)
g(rn) Eq. I order for g
x(rn) Eq. I order for x
&(rp), ®'(rn) | Eq. II order for &

n(rn), n'(rn) | Eq. II order for n

— 6 4+ 1 parameters



BASIC LAGRANGIAN DENSITY

Llgiun Aus Al = 5.5 [R = 3 FuF™ = 30,607 = V((¢])]
The ansatz

dr2 Audxt = &(r)dt
ds? = —g(r)e XNdt? + —— 4 r? dx3,

&) <l =n(r)
Eq. I order for g 7—-2=5
Eq. I order for x
Eq. II order for ® 2 scalings
Eq. IT order for n

° fix the value of ry

— 6 4+ 1 parameters i x(rm) = Xo




BASIC LAGRANGIAN DENSITY

1 1 1 —
- |p_=z pe _ = _
Lleuw: Aus ) = 5.5 [R = 3 FunF™ = 5D,DC = V([¢])
The ansatz

dr2 Audxt = &(r)dt
ds?> = —g(r)e XNdr? 4 (1) + r? dX3,

& ¢l =n(r)
Eq. I order for g 5-2=3
Eq. I order for x
Eq. II order for ¢ because g(r) ~ (r — r)
Eq. IT order for n

o O(r) ~ Oo(r —rp)

— 6 4+ 1 parameters i n'(rn) o< n(rn) = 1o




BASIC LAGRANGIAN DENSITY

1 1 1 —
- ~ |lr_2 py _ = _
Ll Aus € = 5.5 [R = 7 FunF™ = 5D,CDPC = V(I¢])]
The ansatz

dr2 Audxt = &(r)dt
ds?> = —g(r)e XNdr? 4 (1) + r? dX3,

& ¢l =mn(r)
Eq. I order for g 3—1=2
Eq. I order for x
Eq. II order for & g'(rn) gives the Temperature
Eq. II order for 7 and depends on (79, o)
— 6+ 1 parameters (10, Po) to set the source = 0.




TwoO SIMPLE POTENTIALS

2112 2| ~12 4
V = —6—m[(]| V = —6—m"|C|" + A[C]
v(0)
(0)
RN T
AdS4 — Domain Wall T. ~ 0.18p!/?
(Modulo Lifschitz solutions)
v




SCALAR MANIFOLD FROM N =8 d =14

1
[’scalar = 53“773#77 - j(n)AuA# - V(77)

U)* — U(1)
STU @ inc. hypers

Ji = sinh? (1) Jo = Lsinh?(n)
Vi = —2(2 + coshn) Vo = %sinh4 (3)+wvi
Unexpected condensation Similar to the Abelian Higgs model



SCALAR MANIFOLD FROM N =8 d =14

1
[’scalar = 53“773#77 - j(n)AuA# - V(77)

U)* — U(1)
STU @ inc. hypers

©) J» = Lsinh?()
Vo = Lsinh* () + V4

RN Similar to the Abelian Higgs model

Retrograde Condensate




SUMMARY

1 Motivations

2 AdS/CFT and Hol. Superconductors: minimal structure
3 N = 2 sugra coupled to SU(2,1) hypermultiplet

4 Probing the IR geometry: EE

5 Dual Field Theory and Marginal Deformations



THE N = 2 SUPERGRAVITY SETUP: BOSONIC SECTOR

» graviton multiplet = { gravity @ graviphoton }.
» Hyperscalars g parametrize a Q Kahler manifold: (J¥)}, Huy
» The SU(2) group of R-symmetry acts on the hyperscalars.

» The gauge group is introduced by gauging compact
isometries (Killing vectors K}') of Q.

As a consequence of the gauging procedure, the Lagrangian gets a
unique scalar potential.

V = 2g2(4H"O,WO,W —3W?), W = /2P<px

2nyPX = (X)), VoKL = () (OuKY — T4 KY)

u
vp



THE UNIVERSAL HYPERMULTIPLET SU(2,1)/U(2)

dimgSU(2,1)/U(2) = 4. The coset space is top. a ball in C2

(1 = 7 cos ge"(‘f’*w)/z (o = Tsin ge*i(@ﬂﬁ)ﬂ

dr? 2 2
Hyydq'dq” = (1_7.,-.2)2 + 4(17—_72)(05 + U%) + 4(11—7-2)20-%

Isotropy group is U(2) = SUgr(2) x U(1) with U(1); C SUgr(2)

Result: the gauging of U(1)3
builds the bridge

RG] = +1
0=m/2 R[CZ] =-1

1
— h -
~_ T=tam;



THE UNIVERSAL HYPERMULTIPLET SU(2,1)/U(2)

Idea: If 6 can be fixed arbitrarily in the range [0, 7/2]
we find a new family of solutions interpolating between 1 — 2.

...from this point of view the retrograde condensate can be used as a
clue to detect the existence of a bigger family of sol. — d =5 AN =38

UV Asymptotics n: d =4and m?*l°=—-2 — A_=1and A, =2

0= a—et e

Oy =0 — A =1 Condensate



THE POTENTIAL

» The red dot is the saddle point § = 0, = 2 arccoshy/5.
» The red lines, are the horizon values of the functions 6(r) and n(r).
» The value of 6, can be read on the vertical axis.

O # 0 the superconductor is driven towards §(ry) = /2 as T — 0.




A =1 CONDENSATES: NUMERICS

Condensate O_n

0'0().00 0.05 0.10 0.15
Temperature

e From bottom to top 6., =0,0.1,0.25,0.5,0.75, 1
e First order phase transitions for 6, > 0. = .95.

(the curves should be represented in a 3d space according to their value of 0)



EXTREMAL SOLUTIONS FOR 6, # 0: PHASE II

+dz2 + dr? + r2dM?
cosa = G 2 Hints:
-0(rw) — 7/2
- Solitons with
large mass converge

z/r=+tana
dr? + r? cos a? dM?

cone geometry

_ to extremal Hol.SC.

r=0 r — oo

UV AdSs

dr?

2 _ 2 2 22
ds® = I’(—dt + dx )+m,

n(r) = 2 arcsinh ]
r

H(r):g—i—égr CD(I’):(5¢.I’



EXTREMAL SOLUTIONS FOR 6, # 0: PHASE II

—dz2 + dr? + r2dM?
cosha = G, 2 Hints:
-0(rw) — 7/2

- Solitons with

large mass converge

z/r = ttanha
dr? + r? cosh a? dM?

cone geometry

_ to extremal Hol.SC.

r=0 r — oo

UV AdSs

dr?

2 _ 2 2 22
ds® = I’(—dt + dx )+m,

n(r) = 2 arcsinh ]
r

0(r) = g +or  ®(r)=0r
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PROBING THE IR GEOMETRY

e Entanglement Entropy

S(€) = —Trpglogps, pe = Trzlgs)(gs|

vector type

o conductivit;
e Excitations Y

fermionic type



PROBING THE IR GEOMETRY

e Entanglement Entropy

2rl?
HZ

strip 5(€&) = Area(~e)

V

4712 1

Z dz
s:2L2/},/F ;\/U(Z)+X/(Z)2

V(€)
bulk min. surf. b /Z* dz zj U(z)
2 J 22\ 1—(z/z)*

2
ds2, = %(dx2 + dy® + U(2)dz%)




PROBING THE IR GEOMETRY:

EEAT T =0

e

00 05 10 5 20
length |

From top to bottom
f =05,1.,1.4.

entropy s

V
Ze > l/C"]

U(z) = (Cyz) 72

7(€)
bulk min. surf.

/dz

const—
C"I

U(zz*)l/2

N\x\

w\x\




ProBING THE IR GEOMETRY: EE AT T =0

strip

4

|
n
entropy s

Y(€)

- // bulk min. surf.
0 05 0 15 20 25
length | Zy dz
_ 2
s=212, / TR
From top to bottom 1

00 =0.5,1.,1.4. 2>
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DUAL FIELD THEORY

="+ )= b+ S

A =1 Condensate

G(r) :tanhn(zr)cos 9(2r)7 Ca(r) :tanhn(;)sine(zr)




DUAL FIELD THEORY

n(r)=—+4+..., 9(r):9oo+§+...

A =1 Condensate

o) »n? o »n?
Cl(f):%Jr r12 o Cz(f):%ﬂL%Jr---
1 1 000 2 1 . 900
O§)250C057 O:(l):—1055|n7
W) _ Loyg, b= @_ 1 b0

(@ —2(’)sm > Oy = 4(’)gcos >




DUAL FIELD THEORY

(1— A=10p.
¢, — A=20p.

The dictionary is i.e. opposite quant.

e Double trace deformation! Ogl) = A(le) and OgZ) = —)\(99)

The marginal coupling is A = tanh %O

w_1 o @ _ 1, . 0
0,7 = 2(’)cos—2 0 = 4O§sm -
W _1,. 0x @_ 1 Ooo
Oy = 2OSm - Oy = 4(9£cos—2




DUAL FIELD THEORY

(1— A=10p.
¢ — A=20p.

The dictionary is i.e. opposite quant.

e Double trace deformation! O{VT = A0 and 0P = —XOP"

0.
Taking into account the charges (; « Cg. Then, A = tanh %Oe_”b

- 1 O
ol = %O cos 976,(¢+¢)/2 0P = _ZO¢sin et

4

(OWyF = %@Sin %ooef(mw)/z (OR) — %06 cos %ooeiw—w/z




DUAL FIELD THEORY

Marginal deformation

_ 1 .
/ @x (20,0, + 20j0l) o = Zcofle

We interpret 6(r) in an RG fashion:

0 # 0 in the UV, drives the theory to #(0) = /2 in the IR.

This value is associated to the confining background — Issue on A!

A exactly marginal but the

4  Cartoon of the potential (T=0)  confining IR phase has to be

associated to a relevant def.

| —oo ¢

line of saddles

N K & =0« 0(r) = const.




DUAL FIELD THEORY

Marginal deformation

1 )
/d3 OTol 0Pt = Egogl)e—,w _

We interpret 6(r) in an RG fashion:

0 # 0 in the UV, drives the theory to #(0) = /2 in the IR.

This value is associated to the confining background — Issue on A!

A

A exactly marginal but the
Cartoon of the potential (T=0)  confining IR phase has to be
associated to a relevant def.

777777777 . 6
line of saddles e(r) = 000 —+ ; 4+ ...

N K & =0« 0(r) = const.



CONCLUSIONS

We have find new holographic superconductor solutions in A/ = 8 sugra
where:

@ The topology of the underling A" = 2 model plays an important role

@ The back-reaction changes the IR physics of the solutions and this
IR physics is geometrically understood

It may be that a similar story holds for the 5D N = 8.
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We have find new holographic superconductor solutions in A/ = 8 sugra
where:

@ The topology of the underling A" = 2 model plays an important role

@ The back-reaction changes the IR physics of the solutions and this
IR physics is geometrically understood

It may be that a similar story holds for the 5D N = 8.

Thanks for the attention!!



