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Emergence in Quantum Gravity ?

Put very briefly, the Emergence Proposal states that
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[Heidenreich, Reece, Rudelius ’17] , [Grimm, Palti, Valenzuela '19] , [Castellano, Herrdez, Ibanez '22] ...



Emergence in Quantum Gravity ?

Put very briefly, the Emergence Proposal states that
kinetic terms arise in IR by integrating out towers of states down from a UV scale A.]
[Heidenreich, Reece, Rudelius ’17] , [Grimm, Palti, Valenzuela '19] , [Castellano, Herrdez, Ibanez '22] ...

Main quest : Sub-quests :

» carry out an emergence computation » define a limit, identity perturbative states

where one integrates out the full tower . | |
» find “simple” setup + amplitude

» find a suitable regularization



Plan for the talk

M Framework and M-theory limit



Setting the stage

Setup : type IA on CY3 (Y) — N = 2 supersymmetry in 4D with M = M y;p X M 1p1p

U(1) gauge fields Scalars VMPs Scalars HMPs

hy1(Y) from C; (in VMP) Kahler moduli | CS moduli z* +

1 from C, (in gravity multiplet) T'= 1t + ib’ S=p+io




Setting the stage

Setup : type IA on CY3 (Y) — N = 2 supersymmetry in 4D with M = M y;p X M 1p1p

U(1) gauge fields Scalars VMPs Scalars HMPs
hy1(Y) from C; (in VMP) Kahler moduli | CS moduli z* +
1 from C, (in gravity multiplet) T'=1t+ib’ S=p+io
Higher-derivative corrections encoded in & = Z F ngg with &, at order gszg =2
g=0

F ;s related to topological string amplitudes [BCOV '94] & are 1/2 BPS-saturated



Free energy at genus 0 and 1

We were particularly interested in the free energy at genus 0 and genus 1

Gopakumar-Vafa Invariants
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Free energy at genus 0 and 1

We were particularly interested in the free energy at genus 0 and genus 1

Gopakumar-Vafa Invariants

1 |1 - 3
Fo=—— | =CuT'TT" - <)
gz |6 2

y(Y) — Z ag Li,(e 7Ty | - kinetic terms of VMPs
per,(Y,7)

Emergence computation for F, also tackled in [Hattab, Palti 23 & 24]

computation of F . (g > 1) already in [Gopakumar, Vafa’98] , albeit with different motivation



Limit and perturbative states

Study M-theory limit for Type IIA on R!* x Y. Take g, = A g with A —

such that (i) MIE;D — const. and (i) MP° V. = const.
!

11D Planck scale
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M po Mp2 NS5 KK Mpa,MFp1,... Species scale [Dvali '07]
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Limit and perturbative states

Study M-theory limit for Type IIA on R!* x Y. Take g, = A g with A —

such that (i) MS) — const. and (i) MP° V. = const.
!

11D Planck scale
Mpyg Mp2, NS5, KK Mpy,Mp1,... Species scale [Dvali 07]
| T = T ; o [ JRy - e
A MY B 5D Planck scale
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=g\, m

non—pert

Guiding principle: = A/gl withgr=r'< 1 anda>0,>0

pert

T T

fundamental classical, soliton-like



The Gopakumar-Vafa (GV) formula

[Gopakumar, Vafa "98] : ’s can be determined from 1-loop calculation, with constant, self-dual

F g
background of the graviphoton
ntributions for
, contrbutionsorr = 8 Integrate out D2/D0’s with
2, F W = 2 % J e P M, /-
2=2r I LT o4
~ AT )y s (Qisinh(sW/) Zia = (BT +in)




The Gopakumar-Vafa (GV) formula

[Gopakumar, Vafa "98] : ’s can be determined from 1-loop calculation, with constant, self-dual

F g
background of the graviphoton
ntributions for
, contrbutionsorr = 8 Integrate out D2/D0’s with
2, F W = 2 % J e P M, /-
2=2r I LT o4
~ AT )y s (Qisinh(sW/) Zia = (BT +in)

First observations: e expect also NS5 and KK to contribute, but uncharged under VMP

e forg = 0and g = 1 need a UV regulator
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M Emergence of the one-loop free energy



The genus 1 free energy

We study the resolved conifold (one rigid 2-cycle, ay = 1). The GV formula for g = 1 gives
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The genus 1 free energy

We study the resolved conifold (one rigid 2-cycle, ay = 1). The GV formula for g = 1 gives
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Ist we integrate and expand in € : & ?O’Dz =




The genus 1 free energy

We study the resolved conifold (one rigid 2-cycle, ay = 1). The GV formula for g = 1 gives

1 = ds My,
F|=—— J —e% with Z = (T + in)
12 neZ ¢ 5 Vs
Ist we integrate and expand in € : & ?O’Dz =

1 T+ 1
We are left with: FP0DP2 — ___ log -
. 12 w(? ,e)

) ... now use analytic continuation of {(s) !
nesz



Result and interpretation

4 .
e —271771(54‘1[9)

... emergent theory has perturbative-like expansion in gg ~ 1/4 =~ 1/N, . Indeed,

F, ~ N_. as proposed in [van de Heisteeg, Vafa, Wiesner, Wu "22]
1 Sp S



Result and interpretation

4 .
e —271771(54‘1[9)

... emergent theory has perturbative-like expansion in gg ~ 1/4 =~ 1/N, . Indeed,

[Fl ~ Nsp dS pI‘OpOSQd n [van de Heisteeg, Vafa, Wiesner, Wu "22]

0
With the same techniques one can compute F, = Z J' —e 5%

ne/Z €



Wrap-up and outlook

define M-theory identify pert. states integrate out P

o SRRE— SR s rmersasmrseoclll states at 1-loop
MS') constant + no (M2, M5) L S! + KK along ql here: GV formul.a + .(: - function
decompact. of CY; are perturbative regularization

Remaining challenge: how to regularize sum over GV Invariants?

e.g. for a compact CY with i;; = 1: Ky < Z n°GV, with GV _ ~ exp(n)

n=1



Extra slides



Details about M-theory limit

We look at M-theory limits of type IIA on X, (d + k = 10) to d dimensions

R, — AR, , M.— , R, — A7TR, with 1 —




