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Punchlines

Proposal:
 Duality between mass-deformed IKKT matrix integral and

lIB backgrounds with exceptional F, SUSY.

__ 10 16 —-S SR
Z—/d Xrd >y, e . sﬁ—m_m XSQ < SG

Methods:
« SUSY localization of matrix integral
» Construction of BPS SUGRA solution.

Each saddle point of integral corresponds to a different SUGRA solution
cf. For mass-deformed BFSS (BMN): [Asano, Ishiki, Okada, Shimasaki] [Lin, Maldacenal]

Evidence:
« Saddle point equations = Data charactering SUGRA solutions

Other check: Probe brane analysis cf. [Hartnoll, Liu]
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(Euclidean) IKKT matrix model

[Ishibashi, Kawali, Kitazawa, Tsuchiya]
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StkkT = 1T <—Z[X17XJ]2 — §‘I’FI[X17¢]>

« Theories of N X N matrices with 16 SUSY + SO(10) symmetry

* Low energy dynamics of D(-1) branes

* Proposed originally as non-perturbative def of |IB string (cf. BFSS conjecture)



(Euclidean) IKKT matrix model

[Ishibashi, Kawali, Kitazawa, Tsuchiya]

1 1 -
StkkT = 1T <—Z[X17XJ]2 — §‘I’FI[X17¢]>

Theories of N X N matrices with 16 SUSY + SO(10) symmetry

Low energy dynamics of D(-1) branes

Proposed originally as non-perturbative def of |IB string (cf. BFSS conjecture)
The simplest top-down example of holography (with Einstein gravity)??

Theories without time; emergence of time???



Holography for IKKT?
« Not many works on holography for IKKT in the past.

Matrix model side:
» Exact result for partition function (from SUSY localization):

[Green-Gutperle], [Moore-Nekrasov-Shatashvili], [Krauth-Nicolai-Staudacher]
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Matrix model side:

Holography for IKKT?
« Not many works on holography for IKKT in the past.

» Exact result for partition function (from SUSY localization):

[Green-Gutperle], [Moore-Nekrasov-Shatashvili], [Krauth-Nicolai-Staudacher]
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U2(N)
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divisor function

Used for computing instanton correction

to 4 graviton amplitudes in [Sen]
cf. [Green, Gutperle], [Green, Vanhove]

No smooth large N limit (“erratic” in V)



Holography for IKKT?
« Not many works on holography for IKKT in the past.

Gravity side:
* D(-1) brane geometry and its “decoupling limit”
[Gibbons-Green-Perry], [Ooguri-Skenderis]
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Holography for IKKT?
« Not many works on holography for IKKT in the past.

Gravity side:

* D(-1) brane geometry and its “decoupling limit”
[Gibbons-Green-Perry], [Ooguri-Skenderis]

dSEinstein — (dCIZ’]) ! v 9 (
S

' . RS String frame metric has r < 1/r symmetry

' y ‘\‘ “wormhole” [Gibbons-Green-Perry]
\ ! \ “Decoupling limit”
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“Decoupling limit”?

’)”':O T = OO

Normally, excitations near the throat <> low energy modes on D-branes
Gravity side: Flat metric. No redshift.

Matrix model side: No time / energy, no clear notion of energy scale.
No smooth large N limit of partition function.

Better setup for studying holography?



Mass deformed IKKT (“Polarised IKKT"”)

[Bonelli]

3S22 2 2 Q 17k 123
SQ_SIKKT+Tr< ZX ;LX +z§erXXk——¢F W
« SO(10) = SO(3) X SO(7)

- 16 SUSY (same as IKKT): exceptional £, Lie superalgebra

_ cf. 5d superconformal group
« Standard 't Hooft expansion.



Mass deformed IKKT (“Polarised IKKT"”)

[Bonelli]

3&22 2 2 Y/ 1k 123
SQ_SIKKT+Tr< ZX ZX +z§erXXk——¢F W

p=4
« SO(10) = SO(3) X SO(7)
- 16 SUSY (same as IKKT): exceptional £, Lie superalgebra

_ cf. 5d superconformal group
« Standard 't Hooft expansion.

« (Classical vacua

L?.Vl ® 1”1 )
X, X;] = 22 ik i _ 30 Ly, @ Ln,
1y <*] 8 X' = ?
Fuzzy sphere i @1
X4,...10=0 Na =
Lji,k : N,-dimensional rep of SU(2). n,: multiplicity of each rep

# of vacua = # of partitions of N
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SUSY localization

BQ2 3 Q2 10 O . O _
Sa = Skt + Tr | —5- > X7+ = d X2+ ige”kXinXk - §¢r123¢

=1 p=4
* Following [Moore-Nekrasov-Shatashvilli] [Asano-Ishiki-Okada-Shimasaki], ONe can

compute the partition function using SUSY localization.

« Deform the action by +7QWY and send t — 0. Saddle + 1-loop = exact

 Localization saddle:

L7J:V1 ® 1n, ' Iy, ® M)

Xt — @ L?VQ & 1n2 X10 1N2 ® M(Q)

LSVq ® 1nq qu ® M(q)

MW : diagonal matrix of size n;



SUSY localization

1y, @ MW
x10 _ In, ® M®
. 1y, ® M (@)
« Partition function:
= Z Zp P : partition of N
7 Tam® z — 390 5 Na(m{?)?
p X m; 1-loop € 2 ’
s=11=1

Z1-loop = H fst(mES) — mg-t)) “generalized van-der-monde factor”

(si,t7)
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SUSY localization

1y, @ MM

XlO —

* Partition function:

Z:ZZP

1y, ® M®

1y, ® M (@)

P : partition of N

/p X / H Hdm(s) Z1-100p €

s=11=1

32%4 2 s, Ns(mrgs))Q

fst(m) =

_ mgt))

21—[ ((3J +2)% + (82)%)3((3J)2 +

“‘generalized van-der-monde factor”

(82)%)

— | OO

(37 + 1)2 + (82)2

+ (87)?)

- When n, > 1, standard large N analysis gives

301 2 ((3INs = Ni|)? = (8(z — p))
" Noz? — s+ /dy 2 p(y) =0
2 3 ; (ZIN. = No|)2 + (8(z —1))?)
pl) () : eigenvalue density



Surprise
lim Z(Q) # JIKKT

O30 polarized

 Partition function
(€2) Qﬁo 02N
polarized

ZIKKT X 09 (N) . finite

— OO

« Instead of computing the localization integral on the real axis, evaluating

the integral by residues on UHP gives Zigxt

Im(A13)

* Physical implication? ( )
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IIB background with exceptional F,

BPS solutions dual to 5d SCFTs preserving exceptional //, SUSY
have been constructed in [d'Hoker, Gutperle, Karch, Uhlemann]  [Legramandi, Nunez]
Appropriate modifications of their analysis give

ds® = H(p, 2)?(dp* + dz*) + Ra(p, 2)dQ5 + Re(p, 2)*dQ2

cf. [Lin-Lunin-Maldacena], [Lin-Maldacena]

S%—0 ><S2 % 5’6 with D1, NS5, D5-charges
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IIB background with exceptional F,

- BPS solutions dual to 5d SCFTs preserving exceptional F, SUSY
have been constructed in [d'Hoker, Gutperle, Karch, Uhlemann]  [Legramandi, Nunez]
« Appropriate modifications of their analysis give
ds® = H(p, 2)?(dp* + dz*) + Ra(p, 2)dQ5 + Re(p, 2)*dQ2

cf. [Lin-Lunin-Maldacena], [Lin-Maldacena]

S%—0 ><S2 % 5’6 with D1, NS5, D5-charges
| 2
s ( )

S2 50

> p

- Atz,p> 1, it approaches flat metric of [Ooguri-Skenderis] with const C, flux.
dCy = —ipdz' A dx? A da? 1~ £

- Hand R, ¢ are given by axi-sym solution to 4d electrostatic potential V

2 2 2
PV +=0,V+PV=0
p

Boundary condition: Horizontal lines (blue) = conducting balls (V = const)
+ background potential 4>(zp? — z%) ( )



Correspondence with matrix side

Z A
. xXn
Liy, @ 1, | z1 o< Ny Ql 1
X:? 29 X Ny QQO(TLQ

> 0
- Size of irrep N, «— Height of conducting ball z; = NS5 charges

« Multiplicity n, «— Charge of conducting ball O, = D1 charges

> P > P
spherical (S?) probe D1-brane spherical (S°) probe NS5-brane




Correspondence with matrix side

Z A
. xXn
Liy, @ 1, | z1 o< Ny Ql 1
302 L§V2®1n2
'] 29 X Ny QQ X N2

>

Size of irrep N, «— Height of conducting ball z; = NS5 charges

Multiplicity n,, <— Charge of conducting ball O, = D1 charges

Requiring the potential V' to be constant on each ball gives
(31Ns = Ni|)? = (8(z — p))°

304
Sw 8+
P Z/ CIN, — N2 + (8(x —))?)

Constant potential + bkd Potential created by each ball

20 (y) =0

p'*) () : charge density



Correspondence with matrix side

N
. xXn
L ®1,, | z1 o< Ny Ql 1
XI? 29 X Ny QQO(TLQ

>
Size of irrep N, «— Height of conducting ball z; = NS5 charges

Multiplicity n,, <— Charge of conducting ball O, = D1 charges

Requiring the potential V' to be constant on each ball gives

394 22 _ ((3INs = Ne)? = (8(z —9))* ) _
[27 TS Z/ (31N, — Nl + (8~ 9)2)" " (J

p'®)(z) : charge density

Precise agreement with the saddle-point eq of SUSY localization



Implication on undeformed IKKT?
* In many ways, polarized IKKT is better behaved than the original IKKT.
IKKT Polarized IKKT

« No smooth large N limit - Standard large N expansion

» Gravity dual is not fully understood « Some quantitative match with gravity dual

. " . : (€2)
Partition function g%linm 25 olarized 7 ZIKKT

Z(Q) Qf:)O Q—ZN

polarized

— OO

« By evaluating localization integral by residues on UHP gives ZIKKT

Im(Ay3)

—0
~  JTKKT

Re(A13)

« The asymptotic metric (p, z > 1) becomes [Ooguri-Skenderis] when €2 — 0.
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Conclusion

Z7
L§V1®1n1 z1 x Ny p— Ql X N1
i _ 39 Ly, ®1n
N ? 292 X N2 QQ X N2
LNq®]_n

> P
* Proposed duality between polarized IKKT & IIB SUGRA backgrounds

« SUSY localization

T 4 (s)
Z = ZZP Zp X /H Hdmz('s) Z1100p e~ B X Ns(m;™)?
P

s=11:=1

» Saddle point equations = Data charactering SUGRA solutions

Some loose ends
« Evaluating on-shell SUGRA action (determining the boundary term)

. Prove glzln}) Zg;idue = Zkxt for general N

« SUGRA solutions with D7 branes?



Conclusion ‘ '

N
Lé\/-l ® 1, z1 x Ny p— Ql X N1
-8 29 X No Q2 X N2

Ly, ®1,,

> P
Proposed duality between polarized IKKT & [IB SUGRA backgrounds
SUSY localization

T 4 (s)
Z = ZZP Zp X /H Hdmgs) Z1100p e~ B X Ns(m;™)?
P

s=11:=1

Saddle point equations = Data charactering SUGRA solutions

HO|Og raphic dictionary? (Operator insertions <> supergravity modes?)
Localization of correlation functions (Tr ((X3 + inO)m) etc.)

Matrix bootstrap? (Measure is not positive)  [Lin], [Kazakov, Zheng]

.....

Implication to original “IKKT Conjecture” ? (Non-perturbative def of IIB string in flat space)

TI‘(@ZkX) < graviton vertex op? Lorentzian IKKT? (Divergent partition n)



