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Mass-deformed ABJM and LLM

« Duality properties of field theory and gravity theory

Quantum field theory

d-dim

Strongly coupled
gauge theory

duality .
= | Quantum gravity

(d+1)-dim

Large N Weakly curved gravity
(classical gravity)

= Useful but difficult to check the duality!

« Top-down and bottom-up approaches
« Most of works are focused on CFT and gravity on AdS

« We consider a non-conformal QFT in top-down approach
with exact gauge/gravity duality



Mass-deformed ABJM and LLM

« N=6 Aharony-Bergman-Jafferis-Maldacena(ABJM)
theory : low energy effective action of N coincident
M2-branes on the C*/Z, orbifold fixed point

N =6 ABJM

dual ity(l N 7
ua g/raVI y(\ 29¢ ™) M-theory on AdS,xS7/7,
v <L VB

dual gravity(large N))
Ns < k<N

lIA theory on AdS; x CP*

SUSY preserving
v Mmass deformation

N =6 mABJM =» Effective action of M2-branes

[Hosomichi et al 08]

[Gomis et al 08]

in the presence of the transverse
self-dual 4-form flux



Mass-deformed ABJM and LLM

« N=6 Aharony-Bergman-Jafferis-Maldacena(ABJM)
theory : low energy effective action of N coincident
M2-branes on the C*/Z, orbifold fixed point

N =6 ABJM

dual ity(l N 7
ua g/raVI y(\ 29¢ ™) M-theory on AdS,xS7/7,
v <L VB

dual gravity(large N))
Ns < k<N

lIA theory on AdS; x CP*

SUSY preserving
v Mmass deformation

N =6 mABJM = Mass deformation = breakdown of

[Hosomichi et al 08]

[Gomis et al 08]

conformal symmetry



Mass-deformed ABJM and LLM

ABJM (CFT) + mass deformation = mABJM
(non-CFT)

Vacua of mABJM <¢m===) || M geometry with Z, orbifold

Ji0 [Lin-Lunin-Maldacena, 2004]
V=1 0 T
M7 = Discrete Higgs vacua > Quantitative
V2 0 : comparison is
Lo denoted by numerical values oossiblel!
0 1
0 V2
M = [Gomis et al 08]
0 V-1
0 vn [Cheon-Kim-Kim 2011]



Mass-deformed ABJM and LLM

e n; X (n; + 1) matrices
P M
2m 0{'n'i—1+1)xnz'+1
\ 0{-n-f+l)x-n.f )
( 0?11><{-n1+1] \
- (n; +1) x n; matrices
I_I__.-'Ta _ & 0?1,;)( (n;+1)
—Vor M&_’%H)
\ M
N-1 N-1
« Constraint: Y [nN+ (n+1)N)] = N Y [(n+1)Ny+nN)] =N

n=0 n=0
» Condition for supersymmetric vacua:|o < N, <k, 0<N' <k
[Kim-Kim 10]




Mass-deformed ABJM and LLM

Vacua are classified by occupation numbers

(N, V)

Number of vacua for a given N (k=1)= partition of N
P(N)

For large N, P(N) ~ eV 2VN



Mass-deformed ABJM and LLM

« Half-BPS solutions with SO(2,1)XSO(4)XSO(4) isometry
In 11-dimensional supergravity
[04, Lin-Lunin-Maldacena]

ds® = —Gy (—dt® + dwi + dw3) + Gz (dz® + dy°) + GﬂﬂdSSS/E T GﬂﬂdSSB,fz

(z,y) = /1 — 422 — 42V2




Mass-deformed ABJM and LLM

« This solution is completely determined by two
functions:

2m-+1

- 1)+
R ST

= I(E—x)? Ly

Vacuum is identified by

- 1 the occupation numbers :
Z = —=
2 AT ANT/
{ 4\ s 4\ ;;_
black strip

[Cheon-Kim-Kim 2011]




Mass-deformed ABJM and LLM

 This solution is completely determined by two
functions:

g 2m-+1 e
1)+ (z — x; i . —1)+
)\ E)l : Vi(z,q)= E ; S -
(z — x;)2 + 12 — 24/ (z —z:)? + 942

- 2Ngp+1 ~ p
Area = kN .— C — (—1)i+! Zi
. P ) =
: i=1 2mld oV kN
— . o
X7— Xg
= 35— X
X3 —Xg
e R
n—xn

droplet Young diagram new parametrization



Construction of 4-dimensional gravity

« To show the dual relation of two theories,
correspondence between vacua of QFT
and BPS solutions in gravity is not enough.
— mABJM theory: 3-dim. gauge theory
— LLM geometry: BPS solution in|11-dim. SUGRA

KK-reduction

4-dim. Gravity theory




Construction of 4-dimensional gravity

« To show the dual relation of two theories,
correspondence between vacua of QFT
and BPS solutions in gravity is not enough.
— mABJM theory:|3-dim. gauge theory |
— LLM geometry: BPS solutign in|11-dim. SUGRA

duality KK-reduction

4-dim. Gravity theory




Construction of 4-dimensional gravity

 Equation of motion for g,, and C, :

1 1 1 TSsStu Stu
By = 50l = 35 ( = G0 Pran™ " + 4Py, )
6 TSUT ULV U
Op(FP1°) + 2 - (4')2€q T R g Py oy = 0 e=+v—-9g

e Fluctuations around AdS, x S’
0
Opq = Gpq T hipg;
Cpqr = Cp, + Cpgr = Fpgrs = Fps + qurs

pbar pqrs

« LLM geometry is asymptotically AdSs x S™ + fluctuations
« From the asymptotic expansion of the LLM geometry,
we can read all h,, and fo4s



Construction of 4-dimensional gravity

Expansion in S” spherical harmonics:

hp:e'l::j;:yj - hiL{I}}di{y}‘-
hua(z,y) = v/ (2)Y;" () + 5, (@) VoY (),

hias) (, ) = £ (2) Y35 (v) + v () V(Y (v) + 5" (2)V (V) Y (u),

heo(z,y) = 6" ()Y (y),

Fuopa,9) = AV sl3 (2) Y (1),
fuvpa(z,y) = 3V v, (2) Yo" (y) — 5,0,(2) VaY " (),
Fuves (,9) = 2V, (@)Y 2 () + 2015 () V1o Vi (3).
Frase,4) = V% (@)Y () — 38024 )V, Y2 1),
fabed(,y) = 44" (2) V.Y, % (y),

1{ab)

1
§(Tab + Tba) -

1
7

- gabTCC

[H.). Kim et al 1985, S.Lee et al 1998

Skenderis-Taylor 2006,..

y




Construction of 4-dimensional gravity

* Near the UV fixed point where the ABJM theory lives on, (in the
small mass expansion,) the 4-dimensional gravity action is given

by
Sua = 1rv/—g (R
e 16,.6 l[d =
1 2 2
+ Ay [dh\/_( -V TV#T_;ufT-)
+ Ay [ d'z /=G (—svu SV — %ug@)
o —162¢h=2 4 Tph=2
V= 70 H1=2 _ 1gpI1=2 _ yh=2
{ Tf:;a:l
1 o
Ry — 59w R+ Agu = 87GNT,,
(O-M2)T =

(O-M3)y=0

Asymptotically AdS
solution with relevant
deformations



Construction of 4-dimensional gravity

» Fluctuations around AdS space: g, = g\)) + H,,

1
5( —OH,, + V*V,H,, + V°V,H,, vﬂv,,H)

12 6 1 C, o
+ ﬁH,u.y = ﬁf],u.uH — 5.‘/,uu(vpv Hpo —0H) = bﬁCTNT,uI/'

 To define 4-dimensional fields, we need field redefinition in terms
of 11-dimensional modes with derivatives:
1 1 » )
Bl = /zgy — Igw(;)o + o I (lb/zo - (;0)
b T (C'1 b + C'QV'OL'VPL') + C3V, ¥V )

+ Qg VN PN NG + eV NPV N P 1 _(}L,_,,C'TTQ

i 1 ) 1 L2 , 1 7L2 , 1 IA
=, R =————, 3= T anoR o ad’ 4= T =A11 93!

4023 x 33 4028 x 33 4028 x 34 40 211 x 33

| L? o I? _ 1
r5 — e, C'T == 87(.7“?\/"_17’ = = STFGr'N:lL;, —

40 210 » 34 25 % 3’ 25 « 3’ 98 32



Construction of 4-dimensional gravity

« From the asymptotic expansion of the 11d LLM solution, we read
11d modes and obtain the solutions of 4-dimensional fields,
where the whole information of the 11d LLM solutions (for all

droplets) is included.

L2p2 9 3 e e LPug o .. 2 3
Hij=— 180 (30 4+ 85) mij + O (/10) . 3,4=1 1,9 He == 7240 (9()(.,) + 29;7’3) + O (1p)
) = —2483p9z + O (pg) : T = 16V3upz + O (;13)

) — o3 S Yala, Y 2Np+1 3. P
iS — 2(1 =0 3)(1(2 =I5 (3 O = Z (_1)-i+1 ( i -)
gy 2nld oV kN

« One can examine the 4-dimensional gravity action:
1. Vev of a chiral primary operator (CPO) with conformal dim. 1

2. Holographic entanglement entropy




Exact holography

Dictionary of the gauge/gravity duality (GKP-W relation)

{ﬂ}':ﬁ:'} = Meya). N is a normalization factor.

(OW) = —24Npofs

Vevs of the CPO with conformal dimension 1 in mABJM

(0@=D) =

ik
4\@7.‘

[=2x]

n=ill

Y " (Na — N)n(n + 1) => Field theory calculation

in the large N limit

- |
NT
N = T T2 l
{l,, I} <= {N,, N}

oo

3 [n[n +1)(1, —z;;.] _

n=I

©) =

- i

NTpp

3

V27

3a

N3/
3 ."331

= GKP-W relation
=>» Exact holography for all droplets



Holographic entanglement entropy

« RT conjecture for the holographic entanglement entropy

n')

2. . . | | |

2 AdS 2 2 2 2

dsigs = \_? (—dt* + dwj + dw; + dz")

w9 2
‘ j 2 ) 2 2
4 = — (—(h‘“ + dws + dws + d.‘;“) .
4,,_) 1 2

w]_ t = constant, w; =pcoso’, wy=psino', z=2z(p), p=o>.

e

Y

q nl? (1 1
disk — 8(._;*\' -

/ Juv = ‘7:1?/) + H iy
/ LRI L[4 1,
Sdisl-: + 08 = E — 1 — ([.I-[}f:] — —'5,&1

8G 3 247

This result exactly reproduces the HEE using PDE from the 11d LLM.
[Kim-Kim-OK 2016]



Conclusion

« Using the LLM geometry in 4-dim. gravity:

A=1)

1. 55 = 65((0*=Vy
2. thermodynamic-like first law 4S5 = 6E -

for all droplet solution in non-conformal field theory
3. 05 <+ g, relation using exact holography

and the entropic counterpart of the Einstein equation

IR entanglement entropy for the mABJM and LLM



