Exact Path Integral for
3D Quantum Gravity

Akinori Tanaka (RIKEN)

Based on

®PRL. 115 no. 16, (2015) 161304, arXiv:1504.05991 [hep-th]
0arXiv:1510.02142 [hep-th]

0arXiv:1511.07546 [hep-th]

Collaborators
Masazumi Honda (Weizmann Institute)

Norihiro lizuka (Osaka Univ.)
Seiji Terashima (YITP Kyoto)



http://arxiv.org/find/hep-th/1/au:+Tanaka_A/0/1/0/all/0/1
http://arxiv.org/find/hep-th/1/au:+Tanaka_A/0/1/0/all/0/1
http://arxiv.org/abs/1504.05991
http://arxiv.org/abs/1504.05991
http://arxiv.org/abs/1510.02142
http://arxiv.org/abs/1510.02142
http://arxiv.org/abs/1511.07546
http://arxiv.org/abs/1511.07546
http://arxiv.org/find/hep-th/1/au:+Honda_M/0/1/0/all/0/1
http://arxiv.org/find/hep-th/1/au:+Honda_M/0/1/0/all/0/1
http://arxiv.org/find/hep-th/1/au:+Iizuka_N/0/1/0/all/0/1
http://arxiv.org/find/hep-th/1/au:+Iizuka_N/0/1/0/all/0/1
http://arxiv.org/find/hep-th/1/au:+Terashima_S/0/1/0/all/0/1
http://arxiv.org/find/hep-th/1/au:+Terashima_S/0/1/0/all/0/1

“Quantum gravity” partition function

4 )

Localization IS
technique

- J

- . — PRL. 115 no. 16. (2015) 161304,
Spin = 2 1 cet =24 (xiv-1504.05901 [hep—thj)

Zgrav(Q) =" J(Q) ’

: arXiv:1510.02142 [hep-th]
Spin =z 2 Ceff 7 % (3xivi1511.07546 [hep _th)

Zgrav (q) VaC —I_ Z e Zﬁ'lmary (q)

7. A

<

Vacuum character of Characters of primary for
- Virasoro-algebra - Virasoro-algebra

. - W-algebra ) - W-algebra y



http://arxiv.org/abs/1504.05991
http://arxiv.org/abs/1504.05991
http://arxiv.org/abs/1510.02142
http://arxiv.org/abs/1510.02142
http://arxiv.org/abs/1511.07546
http://arxiv.org/abs/1511.07546

Whole story

> D, e Sera

geometries

@ / /bdry conds

bdry conds bdry conds V\

@ Ze,d(T)

Lgray = Z (Zc,d(T) — scjd> —> Zgrav(Q) o« J(q) ,

¢c>0 (¢,d)gop =1

Ve

/Z
grav B (kett) r7 A
Zgrav(@) — Z . — ZV&C(q) + Z CA Zprimary(Q)
bdry fermion A—1

DY e °sCS




Whole story

_S rav
Z /Dg,uu e &
geometries

Ysmmme] o o

bdry conds bdry conds V\

@ Ze,d(T)

Lgray = Z (Zc,d(T) — scjd> —> Zgrav(C_I) o« J(q) ,

¢c>0 (¢,d)gop =1

Y

/Z
grav B (kett) r7 A
Zgrav(@) — Z . — ZV&C(q) + Z CA Zprimary(Q)
bdry fermion A—1

DY e °sCS




Whole story

Z Dg e Perav ‘Supersymmetrization\
1%

geometries

@ CS formulation / /bdry conds

bdry conds bdry conds V\

@ Ze,d(T)

Lgray = Z (Zc,d(T) — scjd> —> Zgrav(Q) o« J(q) ,

¢c>0 (¢,d)gop =1

Ve

/Z
grav B (kett) r7 A
Zgrav(@) — Z . — ZV&C(q) + Z CA Zprimary(Q)
bdry fermion A—1

DY e °sCS




Whole story

Z Dy, e Sea Supersymmetrization
1%

geometries

@ CS formulation / /bdry conds

Z / DA e 90s l | ocalization
bdry conds bdry conds V\
Zeq(T)

v

Lgray = Z (Zc,d(T) — scjd> —> Zgrav(Q) o« J(q) ,

C Z 0 (Cad>GCD =1

Ve

/Z
grav B (kett) r7 A
Zgrav(@) — Z . — ZV&C(q) + Z CA Zprimary(Q)
bdry fermion A—1

DY e °505




Whole story

Z Dy o —Sgrav Supersymmetrization
geometries / DY e—SSCS
@ CS formulation / bdry conds
> / DA e 7¢s @ L ocalization
bdry conds bdry conds \

@ Zea(T)

Lgray = Z (Zc,d(T) — scjd> —> Zgrav(Q) o« J(q) ,

C Z 0 (Cad>GCD =1

Ve

/Z
grav B (kett) r7 A
Zgrav(@) — Z . — ZV&C(q) + Z CA Zprimary(Q)
bdry fermion A—1




Whole story

Z Dg e~ Pgrav Supersymmetrization
1%

geometries

@ CS formulation / /bdry conds

bdry conds bdry conds V\

< [Reguralization] Zdl7)
= X (1)) = Zy0) =" ()’

¢ Z 0 (Ca d)GC'D =1

Y

Z ©.@)

grav B 2 : (kett) r7 A

Zgrav(Q) — Z . — ZV&C(Q) + Zprlmary(Q)
bdry fermion A=1

DY e °sCS

| ocalization




Whole story

Z Dy o~ Sgrav Supersymmetrization
13 %

geometries

@ CS formulation / /bdry conds

bdry conds bdry conds V\

—— ZC,d(T>
@ Reguralization
Zgraw = D\ Zed(T) = 8c.a | == 7 =“J(q)”
g C>O§d£(wd17- d> graV(Q) (Q)

/Z
grav B (kett) r7 A
Zgrav(@) — Z . — ZV&C(q) + Z CA Zprimary(Q)
bdry fermion A—1

DV e~ 7509

| ocalization




Whole story

Z Dg,, e &av Supersymmetrization
1%

geometries

@ CS formulation / /bdry conds

DY e °sCS

> / DA e °cs @ Localization
bdry conds * DAY conds N (7)
Zc,d T
@ Reguralization
Zgrav — Z (Zc d(T) — Sc,d> |:{> Zgrav(q) __ J(q) ”
c>0 (¢,d)gep =1 Ceff:24
VE=
ke
Zgrav(Q) graV — ZvaC(Q) =+ Z ( ff)Z]ﬁumary(Q)
Zbdry fermion A1



Whole story

Z Dy, e Sea Supersymmetrization
1%

geometries

@ CS formulation / /bdry conds

DY e °505

> / DA e °cs @ Localization
bdry conds bdry conds V\ ( )
Zc,d T
@ Reguralization
Lgray = Z (and(T) - 80@) —> Zgrav(Q) =" J(Q) ’
c>0 (c.d)gep=1 Cof = 24
@ Coff —> OC
— Zgrav -~ (keff) JAN
Zgrav(@) — — ZV&C(q) + Z CA Zprimary(q)
Zbdry fermion A—1



Assumptions

Z / Dy o —Sgrav Supersymmetrization
1%
geometries DY e_SSCS

‘CS formulation / /bdry conds

’ ------

‘
:@ Z :/ DA e °Cs @ | ocalization
0 ~—Dbdry conds g bdry conds V\

Ve = . . Zc,d(T)
* Reguralization

Lgray = Z (Zc,d(T) — sc,d> —> Zgrav(C_I) o« J(Q) ,

c>0 (¢d)gep =1 Ceff = 24

l Coff —> OC

A b
Zgrav (@) =gressams = Zucl@) + ) e Z iy (@)
b

d£y fermion A=1

= = m = = P




Good points

Z Dg e~ Pgrav Supersymmetrization
1%

geometries

‘CS formulation / /bdry conds

& N
:@ Z :/ DA e °Cs @ | ocalization
0 ~—Dbdry conds g bdry conds V\

Ve = . . Zc,d(T)
* Reguralization

Lgray = Z (Zc,d(T) — sc,d> —> Zgrav(C_I) o« J(Q) ,

c>0 (¢d)gep =1 Ceff = 24

l Coff —> OC

A b
Zgrav (@) =gressams = Zucl@) + ) e Z iy (@)
b

d£y fermion A=1

= = m = = P

DY e 7509




Good points

_S rav
E /Dg,uu e &
geometries

CS formulation / /bdry conds

' ------

i g ]
S 0
g —— bdry condsy

Ve e mm m

N

Reguralization

v

c>0 (¢d)gep =1 Ceff = 24

Lgray = Z (Zc,d(T) — scjd> —> {Zgrav(Q) o« J(q) ,

v

~

Z grav (Q) :lZl: """ - [Z"ac

Supersymmetrization

/ DA e 7¢s @ L ocalization
bdry conds V\

DY e 7509

chd(T)

J

Coft 77 CFT2 Cardy formula

A grav

(

d£y fermion'

q)j+ i Efefﬂ[Zﬁimmy(Q)}
A=1



Thank }Slcu!

Z / Dg e~ Pgrav upersymmetrization
1%

geometries

*CS formulation / /bdry conds

' ------

N
:@ Z :/ DA e °Cs @ | ocalization
0 ~—"hdry conds g bdry conds V\

i | = : : ZC,d(T>
* Reguralization

A— Z (Zc,d(T) — sc,d> —> {Zgrav(Q)

c>0 (e, d)gep =1 Cof = 24

& [ CFT2 Cardy formula

\_

Zaro) =gz ot®)+ & )

-------

DV e~ 7509

|
~
—~

K
~—




