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A Magnetically charged AdS4 Black hole

Classically,

e 1\° 1\ A
ds? = — <,0 - 5) dt? + (P - 5) dp® + p?ds?*(Zy)
dX1 N dxz . . .
\F — Py (Magnetic flux for U(1) gauge field along Riemmann surface Zg>0)j

BPS Solution for 4D N =2 minimal gauged supergravity
16:rG4 fd“xw/—g (R + 6 — iF2)+(fermions)

_ 1
Near horizon <p = W) : AdS, x X,

Asymptotically (p—) : AdS, with asymptotic boundary boundary R; x X,

In terms of AdS/CFT, the BH solution describes

RG: (3DN =2SCFTon R; x X) ) (1D SQM on R;)
With topological twisting : (A(b'g))R = —a)(Zg)
(6 + (a) + (A(b'g))R) ) € = 0 preserving 1/2 SUSY (2 supercharges)



A Magnetically charged AdS4 Black hole

Classically,
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Classically,
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From semiclassical analysis [Bekenstein, Hawking]

o A (g—Dn
SH ™46, 7 26,

+ (subleadings in G,)

If the BH solution (AdS4 supergravity) can be embedded into an UV complete Quantum Gravity,

We may give a non-perturbative definition of d,,;.,.,(# of micorstates of BH), which should satisfy

1) damicro (9, G4) Is an non-negative integer (after including all corrections)
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A Magnetically charged AdS4 Black hole

Classically,
2 2
1
ds? = — <p - 2—) dt? + <p - 2—> dp? + p2ds?(Z,)
. dx; Adx, f e veran . - )
. )
In this talk,

rron - Embedding the BH into M-theory on AdS4x(...)
Amicro (g, G4) using AdS4/CFT3

- Check of 1) integrality (at finite N) .
If the 2) Bekenstein-Hawking + sub-leadings in large N /antum Gravity,

We rllu TV © TEINJI ] Wl CUMIINURLIVGWG UAGTITITNITSTIVIY Vi A ] e C Uy AL C I U L) XX 7 \'A'ABLATIE! SatiSfieS
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1) domicro (g, G4) is an non-negative integer (after including all corrections)

2) Sgn =108 dicro (9, Ga)= LT + (subleadings in G,).
4
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A Magnetically charged AdS4 BH in M-theory

BH solution with asymptotically AdS4 m==s) Can be studied using AdS4/CFT3
Two classes of well-established AdS4/CFT3 using M-theory

AdS4/CFT3 from MZ2-branes AdS4/CFT3 from Mb5-branes

RY? x Cone(Y,) (Y, : Sasakian 7-manifold)
with N M2-branes on R%?

4 TN[Y7]
3D N=2 SCFT with global U(1); c G = ISO(Y;)

M-theory on AdS4xY,

l (G1= J52Vol(r)
4D N=2 Gauged supergravity with G = ISO(Y; )

(g-Dm _ _ 2 3/2..3
2G, =@-D 27V01(Y7)N n

S =

Field theoretic description of Ty[Y-]
[ABJM;08][HLLLP;09]........
e.qg) Ty[S7/Z,]=ABJM model



A Magnetically charged AdS4 BH in M-theory

BH solution with asymptotically AdS4 m==s) Can be studied using AdS4/CFT3
Two classes of well-established AdS4/CFT3 using M-theory

AdS4/CFT3 from MZ2-branes AdS4/CFT3 from M5-branes

R x Cone(Y,) (Y, : Sasakian 7-manifold) R%?x (T*M)x R* (T*Mj;: cotangent-bundle of 3-manifold M;)
with N M2-branes on R? with N M5 branes on RY?x M,
) TN[Y7] e — TN[M3]
3D N=2 SCFT with global U(1); c G = ISO(Y;) 3D N=2 SCFT, with global U(1)g
M-theory on AdS4xY, M-Theory on Warped AdS4xM;xS4 (for hyperbolic M;)
[Pernici ;'85] 3m?
(G4= \/81\/3 7 Vol(¥7) ) [Gauntlet-Kim-Waldra;00] (Gy = 2N3vol(M))
4D N=2 Gauged supergravity Wlth G = ISO(Y; ) 4D N =2 Gauged supergravity with G =U(1)
(g-Dm _ B 3/2. 3 _ (g — 1)7T (g — 1)U0l(M)
SBH = 6. =@-1 27V01(Y7) T SBH 2G, 31
Field theoretic description of Ty[Y-] Field theoretic description of Ty[M;]
[ABJM;08][HLLLP;09]........ [Dimoft-Gukov-Gaiotto;11][DG-Yonekura;18]........

e.qg) Ty[S7/Z,]=ABJM model e.g) Ty=z| ®S]:U(1) + @ with k=-9/2



Non-perturbative definition of d .., using AdS4/CFT3

Question : Which quantity in CFT3 corresponds to the dyjcro 0f the BH?

Hints: | BH : Asymptotic AdS, with d(AdS,) = R, x 2y =) Near horizon AdS, x X,

RG: (3DN =2SCFTonR; x X;) =) (1D SQM on R;)
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Question : Which quantity in CFT3 corresponds to the dyjcro 0f the BH?

Hints: | BH : Asymptotic AdS, with d(AdS,) = R, x 2y =) Near horizon AdS, x X,

RG: (3DN =2SCFTonR; x X;) =) (1D SQM on R;)

Natural Answer : the number of ground states of 3d SCFT on X,
dmicro

= dim HE=°(3D ¥ =2 SCFT on %)

= # of supersymmetric ground states of (3D N =2 SCFT on X,)

SUSY —
cf) dmicro: = TF y5=0(3D N =2 SCFT on z,) ("1 =Try(3p N =2 SCFT on z,) (—DFe™F?

Twisted index
Recently people found that [Benini-Hristov-zaffaroni ;161.....

N — o0 (g-Dm 2 .
SUSY R - _ 3/2.+3 _
Log(dmicro(TN[Y7]rg)) > 2G, - (g 1) 27V01(Y7)N / > +sub Ieadlngs

drsnliJcSIYO(TN[Y7]) = dmicro(TN[Y7]) 27



SUSY

Twisted index dmicro(9) = Try3p & =2 SCFT onz,)(—DRe P2
[Kim-Kim ;'10]
Forg=1 (Z'g = TZ) case : [tis just usual Witten index [Seiberg-Intrilligator ;'12]
For g = 0 (§2) case [Benini-Zaffaroni ;'15]
For general g [Closset-Kim ;'16] [Benini-Zaffaroni ;'16]

For general 3d N = 2 theory with gauge G,
the index can be written as finite sum over so called ‘Bethe vacua’

SUSY _
Amicro(9) = z (H¥)971, [Closset-Kim-Willet ;'17]

a:Bethe—vacua

ow
aZi

W(zy,..., Zrank(G)): Twisted superpotential for 2d (2,2) theory
obtained by S! reduction keeping all infinity KK—modes

Bethe vacua: solutions of eqn exp (Znizi ) =1, for i =1,..,rank(G)

Chiral field : 8W = Li, (1_[ Zi_Qi> , CS term 8W = k;; Log[zi]Log[Zj]

H%(zy,..., Zrank(c)) * “handle gluing operator’ ,

Log[H] = —log Det[alog[zi]alog[Zj]Log[W]] * z Li; (z;799)
Chiral



Most recent studies on AdS4 BH microstates counting are
about BH made of M2-branes

N — o (g-Dm 2 .
SUSY _
Log(dmicro(Tn[Y71.9)) ST g—1) 27V01(Y7)N3/2n3+sub—|ead|ngs
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Most recent studies on AdS4 BH microstates counting are
about BH made of M2-branes

N — oo

Log(d st (Ty[¥1,9)) R L G D

3/2 3+ _ i
0 27VO1(Y7)N m°+sub-leadings

Good : Gauge theory description is simple = Matrix model technique

Bad : Flavor symmetry other than U(1) R-symmetry
(improperly quantized IR R-charge, additional Legendre transformation procedure)

Computation of sub-leading seems to be challenging

BH made of M5-branes?

N - o N3vol(M5)
Log(diers(Tw [M51,9)) - (g-D—F 3) 97

Bad : UV Gauge theory description is very ugly, no matrix model

Good : we can use the power of 3d-3d relation
(Computation of perturbative sub-leadings are doable)



SUSY

dicro(Tn[M3],9) from 3d-3d relation

3d-3d relation : (Ty[M3] on R? x S) ~ (SL(N, C) Chern Simons theory on M3) , not duality but a relation

. . . 5 1 [Yamazaki-Terashima ;'11][Dimoft-Gukov-Gaiotto;11]
M-theoretic derivation :  6dAy_;(2,0) theory on (R* x S) x M3 [Yagi;13][Lee-Yamazaki;13][Cordova-Jafferis;13]

/\

(Ty[M3] on R? x S1) (SL(N, C) Chern Simons theory onM3)
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SUSY

dicro(Tn[M3],9) from 3d-3d relation

3d-3d relation : (Ty[M3] on R? x S) ~ (SL(N, C) Chern Simons theory on M3) , not duality but a relation
[Yamazaki-Terashima ;'11][Dimoft-Gukov-Gaiotto;11]

M-theoretic derivation :  6dAy_;(2,0) theory on (R? x S1) x M, [Yagi:13][Lee-Yamazaki;13][Cordova-Jafferis;13]
(Ty[M3] on R? x S1) (SL(N, C) Chern Simons theory onM3)
Dictionary : Ty[M3] on R? x S1 SL(N, C) Chern Simons theory on M, dA® + A" A AT =
Bethe vacuum « SL(N,C) irreducible flat connection A SC(SS/[lA] — dA + AN A
: _ocQ
Handle gluing operator H® 1/N Exp[—25%(1)] CS[A] =jtr<AdA+§A2>
Recall that doine(g) = Z (H*)9~1, =

a:Bethe—vacua

S%(n) : nloop perturbative expansion coef ficient around a flat connection A%

[d(SA)] 1 a . 1 a a n-1ca
1ogf(gauge) [ZhCS[A +6A]] > =SU0) + SU0)+. RIS Y () +. .
, @)°
(deta, 2,9 =xdyxdy+dyxdy*, dy =d+A%A

5“(1)—-L0 v) (Ray-si torsi
g[( etr, @) (Ray-singer torsion) (Laplacian acting on n-form twisted by A%)



SUSY

dicro(Tn[M3],9) from 3d-3d relation

3d-3d relation : (Ty[M3] on R? x S) ~ (SL(N, C) Chern Simons theory on M3) , not duality but a relation
[Yamazaki-Terashima ;'11][Dimoft-Gukov-Gaiotto;11]

M-theoretic derivation :  6dAy_;(2,0) theory on (R? x S1) x M, [Yagi:13][Lee-Yamazaki;13][Cordova-Jafferis;13]
(Ty[M3] on R? x S1) (SL(N, C) Chern Simons theory onM3)
.« - . a a a —
Dictionary : Ty[Ms] on R? x St SL(N, C) Chern Simons theory on M; dA” + A" A A" =
Bethe vacuum « SL(N,CQ) irreducible flat connection A 6C;£A] =dA+AAA
Handle gluing operator He 1/N Exp[—25%(1)] CS[A] = jtr(AdA+EA2>
3
M

Derivation : From M = (UleAi U;nSi)/fv, A: (ideal tetrahedron), S: solid torus

S

Field theoretic description of Ty[M;] [Pimofte-Gaiotto-Gukov;11]
[DG-Yonekura;18]

[Dimofte-Garoufalidis;12]

v l (Localization)

1
v Exp[=289(D]  —— He

Observation, missing (?) M-theoretic derivation



SUSY

dicro(Tn[M3],9) from 3d-3d relation

3d-3d relation : (Ty[M3] on R? x S) ~ (SL(N, C) Chern Simons theory on M3) , not duality but a relation
[Yamazaki-Terashima ;'11][Dimoft-Gukov-Gaiotto;11]

M-theoretic derivation :  6dAy_;(2,0) theory on (R? x S1) x M, [Yagi:13][Lee-Yamazaki;13][Cordova-Jafferis;13]
(Ty[M3] on R? x S1) (SL(N, C) Chern Simons theory onM3)
Dictionary : Ty[M3] on R? x S1 SL(N, C) Chern Simons theory on M, dA® + A% AN AT =0
Bethe vacuum « SL(N,C) irreducible flat connection A SC(SS/[lA] — dA + AN A
: _ocQ
Handle gluing operator H® 1/N Exp[—25%(1)] esiAl =jtr<AdA+§A2>
M

Derivation : From M = (UleAi UZnSi)/fv, A: (ideal tetrahedron), S: solid torus

\ The 1/N factor is crucial for

Field theoretic description of Ty[M3] 1) Integrality d,icro (Tn[M3],9)
l (Localization) 2) Correct subleading # log N of Sgy

v

1
SExp[-25%()] ==  He

Observation, missing (?) M-theoretic derivation
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We reduce the microstates counting of BH to a mathematical problem !!
Use mathematical results to to study BH entropy !!
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dicro(Tn[M3],9) from 3d-3d relation

3d-3d relation : (Ty[M3] on R? x S) ~ (SL(N, C) Chern Simons theory on M3) , not duality but a relation

Dictionary : Ty[M3] on R? x S1 SL(N, C) Chern Simons theory on M;

Bethe vacuum o SL(N,C) irreducible flat connection A®
Handle gluing operator H® 1/N Exp[—25%(1)]

w(py = 1y o glderan®)’ | |
54(1) :ZLog[(det,Al(a))] (Ray-singer torsion)

Ao (Tn[M3l,g) = N'79 3 exp(—25*(1)[M; ; N] )9~

We reduce the microstates counting of BH to a mathematical problem !!
Use mathematical results to to study BH entropy !!

Using the expression, Let us check followings

1) doniaro (Ty[M3],9) is an integer (after including all corrections)

(g—Dr _ (g —Dvol(M)

2) Sgu = log dﬁggo(TN [M3],9) = 2G, 31

N3 + (subleadings in 1/N).




Integrality of d,,;.,,(Txy[M3].9)

Irreducible flat connection : dA% + A% A A% =
3
(det’AO(a))

Ray-singer torsion
(det,Al(a))] ( y g )

S*(1)[M; N] =  Log[

Conjecture (?)
dfrgi?r{'o(TN [MS]:g) €EZ

dniero(Tn[M31.9) = N9 3 exp(-25%(1)[Ms ;N] )9~




Integrality of d,,;.,,(Txy[M3].9)

Irreducible flat connection : dA% 4+ A% A A% =
3

(det’AO(a))

(detfﬂl(a))

S*(1)[M;N] = iLog[ ] (Ray-singer torsion)

Conjecture (?)
dfrgi?r{'o(TN [MS]:g) SV A

dniero(Tn[M31.9) = N9 3 exp(-25%(1)[Ms ;N] )9~

©9)  M; = @5 , N=2

{exp(—2S*(1)[M3; N] )} a=1,2,34
={—7.62152—2.27598 i, —7.62152+2.27598 i, 6.95966, 10.2834)

SUSY

mmmmd  {dinicro(Tn[M31,9)}g=012,. = { 0, 4, 1, 65, 97, 1045,...}



SUSY

Large N of d,,,;-ro(Tn[M3],9)

dioro(Tn[M3],g) = N'9 3, exp(=25*(1)[M5 ;N] )9

Two canonical irreducible flat connections A™? and AWP

AMP = pylw +ie], AP = pylw — ie] {pN: su(2) - su(N),N — dimensionalirredrepresentation}
w50 - N
: Spin connection . : . . . _
o vielbein for unique hyperbolic metric on M satisfying Ry, = —2g,

Both of them can be locally considered as so(3) valued 1 forms

\w *ie:sl(2,C)valued 1 form satisyfing flat connection equationdA+ ANA )




Large N of d, ;o0 (Tn[M3].9)

Amicro(Tn[M3],9) = N*79 3 exp(—25%(1)[M; ; N] )9~

Two canonical irreducible flat connections A™? and AWP

AMP = pylw +ie], AP = pylw — ie] [pN: su(2) - su(N),N — dimensionalirredrepresentation}
NN . ™\

@: Spin connection . : . , : _

o vielbein for unique hyperbolic metric on M satisfying Ry, = —2g,

Both of them can be locally considered as so(3) valued 1 forms

\w *ie:sl(2,C)valued 1 form satisyfing flat connection equationdA+ ANA )

Using following mathematical facts [Muller;14]

N3vol(M5)
Re[SMYP(1)[Ms; N]] - +a(M;)N +b(M3) +o(e™V)
N — o 61
19vol(M e 3sfc(v) |
a(M,) = VZ; 3) 4 Re[SMYP(1)[My, N = 3] — SWYP(1)[ My, N = ZZ (1 —— ) ) _
[ s=1
SUSY N3vol(M)
mlcro(TN[MS]:g) — ZCOS[QN[MB]]eXp (.g - 1)( 377 —2aN—2b - lOgN + O(e_N)) + O(e_N)
(Relative phase) (Bekenstein-Hawking) ~ (match with gravity computation ) log Gy,)




Summary and future directions

We study microstate counting d,,i-ro(Tn[M3],9) for 4d magnetically charged BH made of
wrapped N M5-branes on 3-manifold M,

Ty[M3] on R? x St SL(N, C) Chern Simons
X theory on M;

Bethe vacuum o SL(N,C) irreducible flat

Using a 3d-3d relation, the counting to a mathematical problem

doiero(Tn[M3],9) = N179 Y exp(—25%(1)[M; ; N])9~? connection A®
Handle gluing 1/N Exp[—2S5%(1)]
Then, using known mathematical results operator H®
N3vol(M)
dmicro(Tn[M3],9) = 2Cos[6y[Ms]]exp | (g ~ D(——F———2aN — 2b ~logN +o(e™) | +o(e™)
(Relative phase) (Bekenstein-Hawking)  (match with gravity computation <=2 ]og G,)
19vol(M3) 3sbe(y)
[a(]\/[s) = - 2 + Re[SWYP(1)[Ms, N = 3] — SWP(1)[M3, N = [Zﬂ:; (1_{, Stc(y ) ﬂ

Future work : 1) 6D derivation of the 3d-3d relation for twisted index

2) Understanding the perturbative corrections (contributions from intersecting M2? )

—

3) drSnLijglyo(TN[MB]): dmicro(TN [Mg]) 77



