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large N and large 't Hooft coupling A = g%,V

mass of hyper radius of S4 l?Jler const
N? ‘/ (1 2,2Y 27 +5
Fgi = ——(1+ m?a’) log (1 +m7a”)e
2 1672

Ambiguities due to UV subtractions are eliminated in 3™ derivative:

d*Fgs e ma(m?*a® + 3)
d(ma)® (m2a? + 1)
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In this talk:

e Explain why Pilch-Warner does not capture flow of N=2* theory on S4.
e Construct flow in suitable truncation of 5d N=8 supergravity.
e Use holographic renormalization to exactly match full functional

form of the universal part of the free energy.

This offers a precision-test of the gauge-gravity duality in the context
of a Euclidean non-conformal setting.
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Based on 1311.1508 with
Nikolay Bobev, Dan Freedman, and Silviu Pufu



[Review of N=2*: setup in flat space J

N=4 SYM
Ay, A1, Ao, Az, Ay, X, Xo, X3, Xy, X5, X

4 gluinos 6 scalars

Global R-symmetry: SU(4)r ~ SO(6)r

In N=2 formulation:

N=2 vector multiplet: A, :ﬁl i i?’ , L3 = —(X3 + iX6)
2 = A4

X1 = A1 Z1 = \%()Q +iXy)

N=2 h ltiplet: ; ,
ypermultiple Yo = g 7o = L(XQ —|—2X5)

Add mass for hyper —) N=2%* theory



[Review of N=2*: global symmetries

SU(4)r ~ SO(6)r

N=2

= SUQ2)v | SUR2)u | U(1)r
A, 0 0 0
® 0 0 +2
1,2 1/2 0 +1
i | 1/2 0 -1 |
Zio| 1/21 1/2 0
X1,2 0 1/2 —1
Xi2| O 1/2 | | |+1 |

Mass term for N=2* in flat space

Llff = m? tr (\Zl\Q + ’ZQ‘Q) + mtr (x1x1 + Xx2Xx2 + h.c.)

breaks SU(Q)V X SU(Q)H X U(l)R

=) SU@2)y x UL)x.



[Review of N=2*: holography J

Mass term for N=2* in flat space SU(2)y x U(1)g.

51514 = m? tr (\21\2 + | Z5 2) + mtr (x1x1 + Xx2Xx2 + h.c.)

U U

dimension 2 operator dimension 3 operator
dual scalar ¢ dual scalar w

5d Pilch-Warner flow has flat domain walls

ds® = dr? + e*A\"§;da'da?
and non-trivial radial profiles for the two scalars
Type IIB lift: SU(2)y xU(1)g xU(1)y



Now put the theory on S#

Euclidean formalism for supergravity

Festuccia and Seiberg (2011) Freedman and Pufu (2013)
“Rigid SUSY in curved spacetime” “Holography of F-maximization”



[On S4: N=4 SYM }

N=4 SYM is conformal,

so just need conformal coupling for the scalars:

2
g = L]+ Se(al + 14k + 4P

Nuv —79uv

where @ is the radius of the sphere.



[On S4: N=2* SYM }

N=2* theory is NOT conformal,

so in addition to conformal coupling for the scalars,

2
gtl‘( Z1° + |22 + | Z5)7)

the presence of the mass terms

m” tr (|Zl|2 — |Z2|2) + mtr (x1x1 + x2x2 + h.c.)

requires another term

% tr (Z{ + Z; + h.c.)

in order for supersymmetry to be preserved.

SUSY transf w/ S4 Killing spinors  Vue: = i;—amﬁi



[On S4: N=2* SYM }

Consequences of ;ﬁ tr (Z7 + Z3 + h.c.)
a

1) SU@2)y x U(1)gm. is brokento U(1)y xU(1)y

2) The gravity dual can be expected to involve one
more scalar dual to this dimension 2 operator.

4

dual scalar X

The third scalar turns out to be necessary for the gravitational
flow dual to N=2* theory on S4.

This is why the two-scalar Pilch-Warner model does not
capture this flow on S4.



[Holographic dual of N=2* SYM on S* }

Fields G, @, ¥, and x
with the three scalars dual to the three operators

O, = tr( \Z1|2—HZ2|2) , Oy =tr(xixi+xaxa+he), O, =tr(Zi+Z;+hc).

symmetry U(1)y xU(1)gxU(1)y Intriligator (1998)

\ Buchel-Peet-Polchinski (2000)
bonus symmetry at large-N

Truncation of N=8 gauged supergravity in 5d:

1 120,00ty 40,20"z = e?/V0
L=— |-R+ =20 Z0wW % Ly, 1=
4 (1 1 +22 1 (z2—2)° V2
n 2Z 2z Z:—Z(X_“M



[Holographic dual of N=2* SYM on S* } n = e?/Vo

1
1) Bulk theory: \1/5
V2

3
Vi==3-20"-2¢ -0+

Scale dimension A = 2+ V4 +m?2.
Two scaling dimension 2, one 3.
2) Truncation 2z = —2

gives Pilch-Warner model with flat-sliced domain
wall solutions.



[Holographic dual of N=2* SYM on S*

|

3) We want S#4-sliced domain wall solutions. Ansatz:

ds? = L2e** s, + dr?

n=n(r) z = Z(T) z=Z(r)

Note: Euclidean solution, < and Z are indep!

BPS equations:

3 (E— D)2+ 2) + 18— 2)
2n[nd (22 — 1) + 22 4+ 1]
o3z —1) 202+ 2) = (2 = 2)]
2n % (22 — 1) + 22 + 1]
[7° (2 = 1) + 22 + 1] [n° (2° — 1) + 22 + 1]
9L%n?(2z — 1)?

z

(n')? =

04 _ GE-D’° (-1 +22+ [ (8 - 1) + 2° + 1]

€ = ~o\2
(2% = 22)

(imply EOM)



[Holographic dual of N=2* SYM on S* }

Have not found analytic solution to BPS eqgs, but can
analyze UV and IR behavior:

UV behavior: r — 0Q.

Solution approaches Euclidean AdS:  (scalars — 0)
ds: = dr® + L*sinh” (%) dsza

Solving the BPS egs iteratively order by order gives

2r 2142 ( —l—’U)
24 € 1 2 — 1 —2r X O\
e —Z—I_é(lu —3)‘|‘ U T € [37“—|— 3 +...
1 = —2r 1 7\ — — U
§(z+z):e [Zur—l—v} + . 5(2_2)—?“6 T .

Two parameters: 4 mass, U vev



~

[Holographic dual of N=2* SYM on S*

/

The holographic dual of N=2* SYM should depend on
Just one dimensionless parameter: ma

IR behavior:

Solution approaches Euclidean flat space smoothly as
S4 shrinks to zero size and scalars — constants.

Solve BPS equations iteratively as r — 0
Smoothness condition gives 1-parameter family

2 -
n = + O(r°) 1(+) m—1
—(2 L 2) =

+0(1?)

etc



[Holographic dual of N=2* SYM on S* }

Now match o

UV and IR behavior %

Numerical solution X
interpolates between UV T o,

and IR region: fixesthe =
two UV parameters in terms of the single IR parameter:

#(no) and v(no)

Extract from the numerics

[ v(p) = =2 — p log(1 — p?) J
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Recap:

We have constructed a candidate dual for the
RG flow of N=2* on S%

Next is calculation of the on-shell action.



Recap:

We have constructed a candidate dual for the
RG flow of N=2* on S%

Next is calculation of the on-shell action.

Divergent, but standard systematic technique
for handling it with infinite counterterms:

Holographic renormalization

Leaves ambiguity of finite counterterms



[Holographic renormalization }

Finite counterterms tricky.

For flat-sliced domain walls, one can use the Bogomolnyi trick
to determine the counterterms.

Idea:
Supergravity theory with several scalars, Kahler potential, and
scalar potential given in terms of superpotential as

| R 4
V = inaz'W ajW — §W2 gives BPS eqgs
the action can be rearranged to sum of squares:
/ 21 ir i 1 im d
s= [ / ( [ 3(4-2w) Ky (6 - K W) (67K 8mW)]—%(e4AW))
Bdr counterterms thus fixed by SUSY:
Sw = /d4x e4(ro) W(gbi(m))



[Holographic renormalization }

e Our flows have S#-slicing.
The flat-sliced limit is only consistent for z = £z

e There is no superpotential W for our scalar potential.

No Bogo. for us!!?



[Holographic renormalization }

e Our flows have S#-slicing.
The flat-sliced limit is only consistent for z = £z

e There is no superpotential W for our scalar potential.

No Bogo. for us!!?

Idea:
Our scalar potential has an approximate superpotential, valid near
the boundary:

_3 2 12 12 \/5 2 14
W =5+ 430"+ 3 +1/509° + ¢

Use it to determine finite counterterms for flat-sliced case.

Call upon counterterm universality!
P / [ Ssusy:/d4:cﬁW }

Satisfies multiple checks & truncations




[On-shell action & the free energy }

Sren — SSD =+ SGH + Ssusy 3 with Ssusy — /d4$ ﬁW

Show that the derivative of the free energy with respect to the
source parameter is given in terms of 1-point functions:

dF  N? Ay Oy 20
= o [ Va5 + 1005 + 0072

where

1 168 . loge 1 05pen
_ o ren :1
(Oy) 11_{% 32 /4 0y S (Oy) o0 ¢ VY 09

and we have used 1/47G5 = N?/27°,

dF N?

o 2—7T2V010(S4)<4M_12'U<N)) = NQ(%N—U(M))



[On-shell action & the free energy }

Take two more derivatives:

d°F

R
using

v(p) = —2p — p log(1 — p?)
from the UV/IR match in the BPS flow solution.
Compare with the field theory result:
d® Fg N2 ma(m?*a® + 3)
d(ma)? (m2a? + 1)2

Perfect match after identification U = Tima



[Comments }




1) Finite counterterms were key for cancelation of ,u3 terms

Could we have found a match without using supersymmetry
and universality argument to fix finite counterterms?

\_

~

/

Yes.

One can list the possible ambiguous finite counterterms, such as

Ry]¢?, (loge)~'¢?¢, o etc

and calculate their potential contribution to ar’

dps
Turns out that they contribute only u or ,u3 , but never U(,LL)

d°F
So all ambiguity of finite counterterms eliminated in —du5

=) [ul|l functional match with field theory result.



3
2) Why d_F ?
dus
\_ /
Superconformal theory on S*% has free energy of the form
CL2 a small distance cutoff €
F = 042_2 + g — Ganom lOg — T O(E/CL)
€ €
2 2

For N=2* theory on S%, F can also depend on dim’less m~“e

For small m?2e? , the coefficients of the non-universal terms
can be expressed as

y = G + m2e2By + O(mie') and ap = Gg + O(m?e?)
2
a
So the non-universal contributions a2 5 Qg +52m a’

d°F
d(ma)3

are eliminated in



4 N
3) d> Fga _ 9N ma(m*a® + 3) What is special
d(ma)? (m2a? + 1)2 about 11,242 — 1 ?

\_ %

Recall the mass terms in N=2* on S4:

Str(12° + |12 +125°) + m2te (124 + | Z?) + ;—atr<Z2+Zz+hc>

1
\@( )
2
[tscalar:1 2—|—Z——I—m A2_|_ __Z@—i_m 32
2 |\ a? a a? a
— % [(1+ima)(2 — ima)A® + (1 — ima)(2 + ima) B?]
a

—1 < 1ma < 2 —2 <ma < 1

So ma = =xi s the tachyon threshold!
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Happy Birthday, Joe!

thank you

for all the good you have done for us



