Title: Supersymmetric flavors on curved space and a precision test of AAS/CFT
Date: Nov 03, 2015 02:00 PM
URL: http://pirsa.org/15110063

Abstract: <p>Quantum field theory on curved space has long been studied for its interesting phenomenology, and more recently also as ar
obtain non-perturbative results in supersymmetric theories. In this talk | will describe the holographic dual for N=4 SYM coupled to massive
flavors on spaces of constant curvature. With that in hand, | will discuss a topology-changing phase transition on S*4 and confront holog
computations with exact field theory results obtained using supersymmetric localization.</p>
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Why curved space?

Two kinds of reasons:
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(i) phenomenological: -4 %\4
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— qualitatively different physics:
Hawking radiation, cosmological particle production
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— qualitatively different physics:
Hawking radiation, cosmological particle production

(ii) formal:
— compact Euclidean spaces are nice — no IR issues, path integrals

— in combination with supersymmetry: localization

—» exact non-perturbative QFT results
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Why curved space in AdS/CFT?

Two kinds of reasons, again:

(i) AdS — CFT:

— perturbation theory challenging beyond free theory
— AdS/CFT for interacting curved space QFT
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Why curved space in AdS/CFT?

Two kinds of reasons, again:

(i) AdS — CFT:
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— perturbation theory challenging beyond free theory
— AdS/CFT for interacting curved space QFT

(de)confinement transition on dS [Marolf et al. '11]
cosmological particle production [Rangamani et al. '15]
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Why curved space in AdS/CFT?

Two kinds of reasons, again:

(i) AdS — CFT:

— perturbation theory challenging beyond free theory
— AdS/CFT for interacting curved space QFT

(de)confinement transition on dS [Marolf et al. '11]
cosmological particle production [Rangamani et al. '15]
— strong coupling x curved space = interesting?

(i) AdS « CFT:

— AdS/CFT not formally proven
precise range of validity? complete dictionary?

— even testing is hard: conservation of evil
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Why curved space in AdS/CFT?

... we have a supersymmetric theory on e.g. S%,
and can get non-perturbative QFT results . ;

E.g. free energy of N'=2* on S? (as function of the mass) from
supersymmetric localization [Pestun '07]
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Why curved space in AdS/CFT?

... we have a supersymmetric theory on e.g. S%,

and can get non-perturbative QFT results : ;

E.g. free energy of N'=2* on S? (as function of the mass) from
supersymmetric localization [Pestun '07]

Litmus test for supergravity duals of A =2*:

— Pilch-Warner flow ruled out for A'=2* on S* [Buchel '13]

— extra scalar mass terms for susy on S? need larger truncation,
dual constructed numerically n [Bobev,Elvang,Freedman,Pufu "13]

Pirsa: 15110063 Page 10/83



Introduction
~ AdS/CFT with Flavor —
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Introduction
— AdS/CFT with Flavor —
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Spicing it up. ..

N =4 SYM alone conformal, adjoint matter only = very special.
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Spicing it up. ..

N =4 SYM alone conformal, adjoint matter only = very special.

— add “quarks”

Ny D7

~—1

N D3
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[Karch,Katz '02]

N =4 SYM + flavor

—~

D3 and D7 in |IIB
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Spicing it up... moderately

Ny (# D7) < N. (# D3): quenched/probe approximation
— D3 create AdS5xS” background

— D7 embeddings ~ extremal Spp; = NfT7/d8y\/det(')f + F)
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Spicing it up... moderately

Ny (# D7) < N. (# D3): quenched/probe approximation
— D3 create AdS5xS® background

— D7 embeddings ~ extremal Sppr = NfT7/ dsy\/det(’y + F)

Flat boundary:

D? at z=m

Z =0 _
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Spicing it up... moderately

Ny (# D7) < N. (# D3): quenched/probe approximation
— D3 create AdS5xS” background

— D7 embeddings ~ extremal Spp; = NfT7/ dSy\/det(’y + F)

S . D7 at z2=m
O D7 at z =0

Flat boundary:

-1

o

UV fixed point only in quenched limit.
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AdS /CFT with curved boundaries

In simple cases: just choose different coordinates on AdSs,
different representative of boundary conformal structure
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AdS /CFT with curved boundaries

In simple cases: just choose different coordinates on AdSs,
different representative of boundary conformal structure

. o 2
dz? +n dz? + (1 + "T).flmis_,
22 z*
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AdS /CFT with curved boundaries

In simple cases: just choose different coordinates on AdSs,
different representative of boundary conformal structure

()

d22 + (1 = Z-) P dz2 + n

z2 z2

Boundary geometry: S?, IR!'? and two copies of AdS,

A distinction without much of a difference for conformal theories.
Not with massive flavors: geometrically different D7 embeddings.
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Outline

D3 /D7 for susy flavors on curved space

— D7-brane embeddings from k-symmetry
— AdS, embeddings

A precision test for AdS/CFT with flavor

— topology-changing phase transition on S

— AdS/CFT vs. supersymmetric localization
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D3 /D7 for susy flavors on curved space
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Background and DBI action

Iaas, = dp? + cosh®p gaas,
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gss = dO? + sin®0 ggs + cos?0 dy?
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Background and DBI action

9gaas, = dp? + cosh®p gaas,
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AdSs

gss = dO? + sin®0 ggs + cos?0 dy?
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Background and DBI action

DBI action for D7-branes with gauge field in that background:

Spr = —T% /dﬁg\/— det (g + F) + 27% /Cd/\F/\F
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Background and DBI action

DBI action for D7-branes with gauge field in that background:

SD7=—T7/d8§\/—det(g+F)—|—2T7/C4AF/\F

0 = %9’ sin @ tanh p (32f% — 4 cos(20) + cos(40) + 3) (2_1"'2 — (9'2 -+ 1) cos(20) + 0* + 1)
— cos 0 (2 sin?@ (2‘1"2 (9'2 + 1) e f’d) -} f’2 (9’2 4= 5) sin?0 + 3 (9'2 —+ 1) sinﬂﬂ)
+4f2f % cos0 (02 —1) +aff' sin0 (0" — £170' + £°0")
+afsin®0 (£0” + (0 + 0)) + £/ sin°0(f'0” — f76') + 6" sin"0

0 =8fcoshp (% + (6" +1)sin?0) V(452 + sin?0) (72 + (6% + 1) sin?0)
+ sin®@ cosh p (f’ cos @ (2_f'29' e (9"’ 4 9') sin29) — sin®@ (f'e'e" — Fre? — f”))
+ 2f2 (2 sin @ cosh p (siu ) (—f'e'e" + £70"* & ) — £’ (e"‘ aje 9') cos 9))
— 2f cosh p (f” s (9'2 i 1) sin29) (29" sin%0 — cos(260) + 1)
+ 4 (4f2 + sin?@) £’ sinh p (f'2 e (9’2 4 1) sinze)
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Supersymmetry to the rescue

1B sugra background: dfermions=0 — BPS/Killing spinor eq.

Adding probe D-branes:

— no effect on background or Killing spinor eq. @LO
— superspace embedding — too many fermions

— fermionic » gauge symmetry for #bosons = #fermions
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1B sugra background: dfermions=0 — BPS /Killing spinor eq.

Adding probe D-branes:

— no effect on background or Killing spinor eq. @LO
— superspace embedding — too many fermions

— fermionic ~ gauge symmetry for #bosons = #fermions
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r-symmetry for D-branes

Supersymmetries compatible with xk-symmetry: [Bergshoefr,

background
Killing spinor
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r-symmetry for D-branes

Supersymmetries compatible with k-symmetry: [Bergshoeff, Townsend]
I'ce = €
Z e,
projector, encodes background
D7 embedding Killing spinor

Looks simple enough: feed in AdS5;xS® Killing spinors and a
a generic embedding, demand that there be solutions.
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r-symmetry for D-branes

Filling in the blanks, I' e = e€:

Pirsa: 15110063

Page 32/83

14



r-symmetry for D-branes

Filling in the blanks, I' e = e€:

L — 1 . ) |

F‘ — Jlkl-'-.]n’\:n.F_ o .F' , .](n)

" vdet(l + g 1F) ”ZO 2npl ) Ik Inkn(p)
']((;)1.)) — (_1)71. (0_3)”+(p—3)/2 ioo & F(())

1
') = €
e/ (p+ 1)!/—detg

il...i;:+l,}/‘
21-..

. a < L
Tm = (-',‘,I‘_‘(L()IH-XI

ip41 ?
Not exactly pretty, but only 15'-order in derivatives of X#, A,,.
AdSs; < S® Killing spinors:

¥ ¥Y.r_.1o 1 ~0x 1 Lo PRLIXZ. Lo TXZXE
§zF—Fx 62ZF'XI_82X1I ezxg]: ezx.;l—

€ = ¢€

X E%irﬁr‘h‘ds [G%iFLFAdS -t ier/Qa';“F;:;ﬂ, FAdSPT‘—:I Preo
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Solving the k-symmetry constraint

From a distance: I'i.e = €,
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e =R X P, X €g
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Solving the k-symmetry constraint

From a distance: I'ce = €, e =R x P, X €
e T N
regular constant constant
matrix projector spinor
= M := RI'I',,R P has to be constant on some subspace

to preserve part of the supersymmetries
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r-symmetry for D-branes

Filling in the blanks, I' e = e€:

s == Jl":l---_]n’\:n.F_ R A ._](”')
"~ \/(1(3t(1 + _(I_IF) )]Z() 2!171’!’){ Jl’-.l JnAn (}))
']((;)!.)) — (_1)71 (O_:_;)n—l—(p—.'i)/Q ioo @ F(())

1
L = £
(0 (p+ 1)!Iv/—detg

R Ty | . a - L
o ’)/11 ﬂ)’?n. - (J“,Fu.():u.Xi

ip41 ?
Not exactly pretty, but only 1%'-order in derivatives of X#, A,,.
AdSs5 < S® Killing spinors:

O r¥r. ¥Y:r_.1ro 1 ~9Xx1 1., .7"X1X2 A TX2X3
521 _FX eg?rxl— eEXlI (—J’EX‘ZI eﬁx.‘lr‘—

€ = ¢€

< egilﬂgrﬁtls [e%ZF:_FA(lb . ?:e'f'/2$l£1“$“ PAdSP _] H_JE()
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Solving the k-symmetry constraint
Can be done systematically, separating internal space and AdS.

Internal space: 2 projectors ~ 1/4 BPS (N =4 conf. —» N =2)
w in A = fw fixed.
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Solving the k-symmetry constraint

Can be done systematically, separating internal space and AdS.

Internal space: 2 projectors ~ 1/4 BPS (N =4 conf. — N =2)
w in A = fw fixed.

From AdS part w/o additional projectors:

; |
cot @ + csc O f cosh p + 2f csc® @sinh p = 0

0’ + cscOf' sinh p + 2f csc? @ cosh p = 0
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Solving the k-symmetry constraint

Can be done systematically, separating internal space and AdS.

Internal space: 2 projectors ~ 1/4 BPS (N =4 conf. — N =2)
w in A = fw fixed.

From AdS part w/o additional projectors:

. |
cot @ + csc O f cosh p + 2f csc® @sinh p = 0

0’ + cscOf' sinh p + 2f csc? @ cosh p = 0

Still non-linear, but 15" order and much prettier than the EOM
before. Bonus: they can be decoupled!
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Solving the k-symmetry constraint

These equations can be solved analytically:

47w +cos™ 1 1 ~ 6(mp — c) + 3msinh(2p)

cos @ = 2 cos ;i

3 4 cosh? p

| .
f == 5 sin2 @ (sinh p cot @ — @’ cosh p)
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Solving the k-symmetry constraint

These equations can be solved analytically:

47w +cos™ 1 1 ~ 6(mp — c) + 3msinh(2p)

cos @ = 2 cos i

3 4 cosh? p

| .
f = 5 sin® @ (sinh p cot @ — 0’ cosh p)
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Solving the k-symmetry constraint

These equations can be solved analytically:

47w +~cos™ 1 1 6(mp — ¢) + 3m sinh(2p)
7 i ——

cos @ = 2 cos .
‘3 ? 4 g 1 3
5 cosh” p

g o .
F = 5 sin® @ (sinh p cot @ — 6’ cosh p)

This simple embedding indeed solves the complicated DBl EOM v

m ~ flavor mass M = m~/\/2mw, ¢ ~ chiral condensate (/1))

0 ~ superpotential mass term, A = fw ~ extra scalar mass term,
with correct relative coefficient [Kruczenski et al. '03;Festuccia,Seiberg '11]
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AdS,; embeddings

Fixing ¢ from IR regularity yields 3 types of embeddings:

short long connected
Y'm 0 < M < Merik 00X m < Merit

Connected embeddings for m > 0, in contrast to Poincaré AdS.

Short/long embeddings: flavors on one AdS,4; may be combined.
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AdS; embeddings

Fixing ¢ from IR regularity yields 3 types of embeddings:

09 @

short long connected
Ym 0 < m < meriy 0< m < mgy

Connected embeddings for m > 0, in contrast to Poincaré AdS.
Short/long embeddings: flavors on one AdS,; may be combined.

=
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AdS, embeddings

Fixing ¢ from IR regularity yields 3 types of embeddings:

connected

short

18
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Wrapping up:

D3/D7 configurations to describe N =4 SYM coupled to
quenched massive N =2 flavors on curved space.
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AdS,; embeddings

Fixing ¢ from IR regularity yields 3 types of embeddings:

short long connected
Ym 0 < M € Mk 00X m < Mt

Connected embeddings for m > 0, in contrast to Poincaré AdS.

Short/long embeddings: flavors on one AdS,4; may be combined.
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Wrapping up:

D3/D7 configurations to describe N =4 SYM coupled to
quenched massive N'=2 flavors on curved space.
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A precision test for AdS/CFT with flavor

Program:

— study phase structure of flavored N'=4 SYM on S? as
function of mass holographically, compute free energy

— rewind & repeat, using supersymmetric localization

— confront flavored AdS/CFT with field theory results
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D7-brane embeddings S* «— AdSs5

Background from AdS, slicing via analytic continuation

70
P —>p =5

dp? + sinh?p gga

dp® + cosh?p 9AdS,
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D7-brane embeddings S* «— AdSs

Background from AdS, slicing via analytic continuation

- A
0 =% 1 >

dp? + costhgAde dp? + sinthgs,,

Euclidean supersymmetry — no Majorana condition. Doubling of
spinors or involution with a time reflection. [Wetterich '10]
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D7-brane embeddings S* «— AdSs

Background from AdS, slicing via analytic continuation

70
p—rp o

dp? + costhgAde dp? + sinthgs.,

Euclidean supersymmetry — no Majorana condition. Doubling of
spinors or involution with a time reflection. [Wetterich '10]

- . . 2is
Final solutions still related by p — p — -

Z

- . _ _ _ SO p! . _
6 = Oadgs, |p_>p_g£ I = 5 sin” @ (blIlh p cot @ — 6" cosh p)
Imaginary scalar mass term — non-unitary on dSy, [Pestun '07]
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D7-brane embeddings S* «— AdSs

— phase transition at m = 1
from degenerating S? to S

— from O(p,) =0 to 6/(0) =0
for regularity in IR
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D7-brane embeddings S* «— AdSs;

— phase transition at m = 1
from degenerating S? to S%

— from O(p,) =0 to 6/(0) =0
for regularity in IR

P = 00

AdSs5 S

)]
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D7-brane embeddings S* «— AdSs

Pirsa: 15110063

m= 1:

AdSs

— phase transition at m = 1
from degenerating S? to S%

— from O(p,) =0 to #/(0) =0
for regularity in IR

p=0

P = 00

n
(¥}
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Geometry of the phase transition

m=1
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Geometry of the phase transition

- T

S% in AdS5 degenerates
at p =20

23
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Geometry of the phase transition

/) — /)*

P — o0

S4

S% in AdS5 degenerates S3 in S® degenerates
at p =0 at p = ps

23
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Free energy and critical exponent

Two one-point functions from holographically renormalized on-shell
action (i = V\/27):

1 (SSD'?,nrn (O ) 1 (SSD’?,rcn
— 1 — -
Vasi 60© HAT Vgsi Of©

H(QOg) =

Varying within susy configurations: 800 = 5 (),
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Free energy and critical exponent

Two one-point functions from holographically renormalized on-shell
action (i = V\/27):

1 (SSD'?’“,H 1 55[)7,1‘(}]1
- (0) [1(0,‘) - = (0)
vV gs4 06 vV gs4 of

u{Og) =

Varying within susy configurations: 8600) = 5 f(0),
— flavor contribution to free energy F'(1):

1 dF®)

(Os) :=(O6) +UO1) = 50 ~ga7
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Free energy and critical exponent

Finite counterterms ~ M, M? R? introduce scheme dependence

2 2 12 . 7+ 4/

e

3 2

5 - .
«v1 = — 35 to preserve susy, term linear in m scheme dependent
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Free energy and critical exponent

Finite counterterms ~ AM?, M? R? introduce scheme dependence

2 2+ 1207 5 7+ 4f ]
; " — ———m,

Vs1(Os) = qll,NfN |:3(? ~+

m

3 2

5 . -
«v1 = — 35 to preserve susy, term linear in m scheme dependent

The interesting part is ¢, determined from IR regularity:

a2 ‘
m* -+ 2 . .
Cm>1 = — 3 — vm?2 —1+mlog(m— v/m?2—1)

0

('f'rng 1

This Vqa (O4) is what we will compare to the QFT calculation.
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Free energy and critical exponent

Condensate (O,) non-analytic at m = 1. For m = 1 + e:
NN | 1 i~ . 162 </
<O.‘> — .H_j.‘_ - — (1+F) ].Og'lj— _6_262 £ )\fﬂ.)/...)_’__-'
Vga 3 1 15

— first non-analytic term o< e5/2

Compare to non-susy embeddings: [Karch,O'Bannon, Yaffe '09]

. 4+ /2
Op) = analytic + #e€< + ... O = e
(Oe0) y # Ry

Imaginary gauge field changes scaling analysis — susy’s different.

Page 63/83
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Supersymmetric localization

Assume there is a symmetry generator Q with Q? ~ 0:

F = /D(pe_s[(/’] oco-dim configuration space

Pirsa: 15110063

Page 64/83



Supersymmetric localization

Assume there is a symmetry generator Q with Q? =~ 0:

Z(t) = /D(f)e_s["”]_tQV oco-dim configuration space
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