BOOTSTRAPPING PERTURBATIVE STRING AMPLITUDES

Yu-tin Huang
National Taiwan University

Li-Yuan Chiang (Yale U), Y-t H, He-Chen Weng (Brown U) 2310.10710

some overlap with J. Berman, H. Elvang, A. Herderschee 2310.10729

JEAW Xi An China


https://arxiv.org/abs/2310.10710
https://arxiv.org/abs/2310.10729

Any UV completion of quantum gravity has a low energy EFT description
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Can we confine the space for allowed ¢&; —— (Can we carve out the landscape of
perturbative strings ?

Given a finite setof &  — Can we recover the information of the UV spectrum ?

Given the specific string theory &;  =—— [sit a unique answer to a set of bootstrap equations?
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In recent years there’s been tremendous progress in studying quantum gravity by
implementing the S-matrix bootstrap program for the gravitational EF'T
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The Gravitation EFT

Arising from perturbative completion
A ““bottom up” approach to constrain QG where the EFT

operators serve as IR parameterization of UV completions
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The Gravitation S-matrix

The four graviton amplitude, being a physical observable, is subject to a set of consistency conditions
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M(87 t) . '\A_\ . t = (p1—ps)® = —%g(l—cos 0)

Unitarity: the imaginary part of the partial wave has to be positive
M(s,t) = ) pe(s)Pi(14+2t/s), Im[p,] >0
/

Analyticity: the amplitude for t < m”*2 is analytic on the complex s-plane away from real axes

=0

. M(s,?)
Boundedness: the amplitude satisfies |81|1_1>noo 52

Crossing: the amplitude in (s>0 t<o ) can be analytically continued to (u>o, t>0)
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Indeed, when we consider ratios of couplings of different dimensions, the known theories start to
span larger regions

| — k=2~5 null constraints
----- k=1~5 null constraints (R® absent)

‘: — UV completion of Type Il B String
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D*R* operators normalized by R* coefficients.




Impose further constraint?
Top-down ??




Perturbative sting amplitude

Being a theory of quantum gravity, string amplitudes are known to exhibit exponential
suppression at high energies fixed angle scattering
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This originated from the saddle point approximation to the world sheet integral
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how do we incorporate the presence of a world sheet in our bootstrap?




Perturbative sting amplitude

For perturbative string, the amplitude is given by a world sheet integral of a 2D CFT
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The singularities of f occurs only when two insertion points coincide, writing 2z = zj+7e'0
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Thus in order for there to be massless poles, we expect that 'f*"(z;, 2, k&)  have trivial monodrom
p p 3

Then one can trivially apply the Kawai-Lewellen-Tye contour deformation to obtain

M(s,t) = sinmwsA(s,t)A(s, u) A(s,t) = /Idz\z\kl'lm\z — 1|k2ks pdisk (5 e k)




Perturbative sting amplitude

Comment: one can attempt to generalize the exponents
1
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For the amplitude to have massless poles, v(0) must be a non-positive integer.

Near z=1, 0, we have poles of the form

v(s) — N

This suggest U(S) — —S8+a , where a is an integer

One can get around this if we allow for none-single valued  v+i(s) =+vs+a
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Perturbative sting amplitude

For the open string amplitude, we have three distinct ordering depending on the integration region
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Distinct ordering are related by monodromies picked up from contour deformations. If we assume
f(z) does not generate any non-trivial monodromy at z=o0, 1
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Perturbative sting amplitude

For amplitudes with the massless pole we begin with trivial monodromy

A(s,u) +e™A(s,t) +e ™At u) =0

Let’s first consider maximal supersymmetry, A(s,t) =6°(Q) f(s,1)
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Now impose unitarity




Perturbative sting amplitude

Unitarity :

The amplitude admits a single channel dispersion relation

A(s,t) = — /Oo gs PUSNGP (1 +2t/5)
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Thus the Wilson coefficients can be represented as
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Unitarity implies positivity

The monodromy relations constitute “null constraints”
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EFT for super string theory
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EFT for super string theory

Geometric approach allows us to derive SDPB gives the spectrum of the string
critical dimension
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EFT for scalar string theory

Let’s consider none-supersymmetric scalar EFT

t 1 1
A(s,t) = — (; + g) + b (g + Z) + Z gk,qsk_qtq.
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The monodromy relation implies
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EFT for scalar string theory

Let’s consider none-supersymmetric scalar EFT
B s t 1 1 k—q.q
A(s,t) = (t+8)+b(8+t)+ ) Grgst It
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EFT for scalar string theory

We can include Tachyons
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Gluon EFT

[s the island a consequence of maximal SUSY ? No !

Let’s consider 4D vector EFT
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Gluon EFT

Gluon EFT also leads to an island

Wilson coefficients Two-sided bound Superstring value | Relative error
b1.0 1.20203 < by o < 1.202059 1.202056 2.4x107°
b2.0 1.08231 < by < 1.08233 1.082323 1.8x107°
b3.o 0.09653 < bz o < 0.0966 0.09655 7.2x104

é —1x107% < ¢ < 2x107° 0 N/A

If we include Tachyons, we get a space spanned by boson and superstring !

Wilson coefficients | Error of bosonic string | Error of Superstring
ol b1 ¢ (Max) 8.8 x 104 (Min) 1.6 x 1075
52’005:‘. b2,0 (Min) 2.5 x 1072 (Max) 9.2 x 1076
| b3 2 (Max) 1.8 x 1073 (Min) 1.5 x 1073
¢ (Min) 2 x 1073 (Max) N/A
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Gravitation EFT

With trivial monodromy, we can easily KLT to obtain closed string EFT

M osed string (S,t) = A(s,t)sin (ws) A(s,—s —t) = e +t Z G 8"t
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-
630
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Gravitation EFT

Dilaton EFT
Gravitation EFT
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(c) 10D unitary region and the three
scenarios of KL'T double copy.




Summary

* Imposing unitarity and crossing constrains the space of consistent gravitational EFTs

* Forward limit bounds ratios of EFT coupling —— 5
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* Finite impact parameters bounds couplings with respect to Gn

0 2 4 6 8 10 12
gsM°/(87G log(M /migr))

* Perturbative string EFTs can be carved out by monodromy relations

~ T —— sEFTHedron: k=6
g3,0 [
= ' —— Monodromy: k=6

—— Monodromy k=38

* Are there more constraints one can impose on EFT?

93 1

low spin dominance, consistent higher spin scattering.
* |s there a systematic way to explore consistent monodromy relations, enlarging the string EFT ?




Future Directions: mixed amplitudes

Consistent higher point generalizations — Consistent mixed amplitudes
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For maximal SUSY in 10D

Andrea Guerrieri, Joao Penedones, and Pedro Vieira
Phys. Rev. Lett. 127, 081601, 2021

RN4 operator are non-renormalized, their
coefficients are well defined
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Geometry from unitarity

At fixed-t the open string only s-channel thresholds are present, unitarity implies
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Geometry from unitarity

The fact that the couplings are given by the convex hull of double moments imply an infinite number
of positivity constraints

y(O,O) y(O,l) y(O,d)
(1,0) ,,(1,1) (1,d)
y y ... y N 2T 3
[Y]d+1xd+1 — :/I p(z,Z)TZ" dzdT . p(z, %) > 0 for z,% € I
y(d,O) y(d,l) . y(d,d)

Then the ""generalized Hankel matrix” is a positive definite matrix
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y(10) g (L) y(20) (12) / p(z,#)X(X)T dzdz,
y02) 03) ,(12) y04) .. | J;

K[Y]

where (X)T = (1,z, &, 22, &z, &2, - - ).
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