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® High energy limit of string theory:
subleading corrections to amplitudes

e Amplitudes of tensionless (null) strings

® High energy string limit and celestial sphere

three (un)related topics ?



I. High energy string theory
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field-theory limit:
very well understood

discrete spectrum of massive
higher spin states
(infinite tower of states

of massy/n/a’, n € Z1.)

expansion at @’ = 0:
effective action,
integrate out massive higher spin states

high-energy limit:
quantum gravity effects strongest
less understood

infinite many massless
higher spin states

un-Higgsed phase of string theory
infinite many global symmetries
mixing all oscillators

expansion at o’ = oo:
effective action ?
higher-spin theory ?
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amplitudes:
nice mathematical structure

Riemann zeta values {(n)

CFT on the world-sheet

localization:

pinching string world-sheet

open vs. closed strings:
KLT, double copy
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amplitudes:
nice mathematical structure

Riemann zeta values {(—n)

CFT on the world-sheet

saddle-point approximation:
quantum fluctuations
around classical solution

open vs. closed strings blurred
tensionless strings ?
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High energy representation
of string amplitudes

four-point open and closed string (tree-level) amplitudes
in flat background
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Remarks

—3» We have amplitudes at hand describing corrections (in 1/a)
to high-energy limit of string theory
in similar way than low-energy string expansion (in a)

taking into account light higher spin modes
contributing similarly to &/ _, / _,

ultra high-energy limit a’ — oo interesting on its own
(opposite to field-theory limit o — 0):



II. Amplitudes of tensionless strings

® system of (infinite many) massless higher spin modes

effective field-theory breaks down (in flat space-time),

but amplitudes with {(—n) contributions at hand
(i.e. non-trivial quite universal functions):

Riemann zeta values of odd negative weights {(—n):

o appear from string world-sheet
as quantum fluctuation
of saddle point approximation

o rational numbers

° feature zeta function reqularization
of massless fields of arbitrary spin

® resurgence properties of infinite sum representations:
Borel transform
(cf. weak/strong-coupling expansion in AdS/CFT)




- Vir ® Vir (Vir) symmetry on closed (open) string world-sheet

finite a”: KLT (= holomorphic factorization)
closed = open & open
what happens at a’ — oo ?

® (tree-level) open and closed string amplitudes qualitatively same
(in contrast to field-theory limit a’ — 0)
no distinction between open and closed strings

o . . . . Francia, Mourad,
distinction between open and closed string only for tensile string Sagnotti (2007)

and becomes blurred in the tensionless limit of string theory Bagchi, Banerijee,
Parekh (2019)

tensionless string: high-energy limit " — oo of string world-sheet

a’ — oo

'

window to tensionless (null) strings ?



tensionless (null) string: Carrollian limit ¢ — O on string world-sheet
ultra-relativistic limit
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- Carroll symmetry CCS, ~ BMS; on closed string world-sheet

Ly|A,8) = AlA¢) Carrollian primary states
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Bagchi, Chakrabortty, Chakrabortty,
- similar for open (super)strings with Fredenhagen, Grumiller, Pandit (2024)

boundary Carrollian symmetry Bagchi, Chakrabortty, Chakrabortty,
Chatterjee, Pandit (2025)



closed tensile string (entering our amplitude computations)
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explicitly from 6 — 0 o — l c— 0 Bagchi, Chakrabortty,
closed tensile string ’ Parekh (2015)

ultra-relativistic limit
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e subleading corrections in amplitudes: — ~C

e double copy for tensionless string

double copy of open null string ?
(holomorphic factorization of world-sheet
likewise Carrollian CFT vs. boundary Carrollian CFT)
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String World-Sheet and Celestial Sphere
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high-energy relation between St.5t. Taylor
string world—sheet and celestial sphere (2018)

saddle point approximation of the string amplitude
makes closest contact to the underlying string world—sheet
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figure
from Strominger

translates into stationary phase expansion of celestial amplitude
—» provides the most direct contact to the celestial sphere




string world-sheet celestial sphere
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saddle point equations (SEQ) points on celestial sphere

world-sheet vertex position = point on celestial sphere

® may establish an underlying vertex operator description of CCFT

®  may lead to an intrinsic construction of CCFT by relating it
to a world—sheet CFT of tensionless string theory (CCS$,)

e may lead to a rigorous definition of celestial geometry work
(top-down construction of CCFT) in progress




Summary

standard (free) CFT
inherited from (open) string world-sheet
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non-standard CFT
on celestial sphere



® high-energy scattering in AdS: localize on the same saddle point

Alday, Hansen,
Nocchi (2024)



