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Motivation

Question: How to understand scattering amplitudes in the QFT
at the weak coupling? |
& = (out|in)

Answer 1: Feynman diagram expansion. Not good

Too many diagrams. Not manifest symmetry (gauge invariance) in each diagram.

Answer 2: Global description (Amplitu-hedron/integral)——better

One global object. Manifest symmetry.



Motivation

Question: How to understand scattering amplitudes in the QFT

at the weak coupling? |
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Toy model: when QFT is the Tr(¢°) theory
L1y = Tr(0)” + g Tr(¢”)

Answer1: & (1,...,n) = Z Feynman diagrams = Z H
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Stringy integral
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Stringy integral

Stringy integral in u-variables
(Global description)

! TR 1 N ]
' NI 1 A h
1 S ! 1
N 1
1 IN 1
1 ) S ! v !
¢ o a,b b ’ !
P 3 a,, ! v
1 h \ ! ! v
| b \ J ! n
1

(k,l) cross (i,7) l;IUX



Stringy integral
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Stringy integral

Stringy integral in u-variables
(Global description)

- Si—1,% -1 ,
U; j = Xij=Pitpgt+...+pip)
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nn — 3) | ,
y =D n(n-3) All 5 X; ;'s can form a basis.
2 2
One can alsouse (n — 3) X, ;'S of a triangulation
Cij = —=2D; P =X j+ Xip1 ju1 — Xijp1 — Xig1

and some ¢; ;s form a basis.



b-points

Stringy integral

Stringy integral in u-variables

(Global description)
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Zeros and factorizations

Manifest zeros and a new kind of factorization near the zeros.

IO = J = Y a/Xm(l + Y1) TF = Ila’X 31 [a'(c; 3 — X 5)] B I'la’X) 311 a’X; 4]
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In the field-theory limit (" — 0), we get .* Z(gb ) > = + , which

/ / /
a'Xi3X4 X3 Xy

vanishes when ¢; ; = 0.



Zeros and factorizations
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Zeros and factorizations

Fii=14+y i+ V-1 + Y1 Yiv2




Zeros and factorizations

Fii=14+y i+ V-1 + Y1 Yiv2

F'actorization near zeros:
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Zeros and factorizations

Fii=14+y i+ V-1 + Y1 Yiv2
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s-eformation stringy integral

[f we want to keep all the zeros and factorization

near zeros, there is a natural generalization.

jgn — jt21;5¢3)[a,Xe,e — a,(Xe,e T 5)’ a,XO,O — a,(Xo,o _ 5)]



s-eformation stringy integral

Stringy integral Field-theory limit Lagrangian
a — 0 , .
52 g(¢3) a's =0 Z Tr($3) = Tlf(aéb) + g Tr(¢”)
n
. Loy = —T (a UWU)
S FoLM '8 = non — integer ~ ==—) NLSM = g2
1 1
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l Yang-Mills stringy integral can be obtained
Res, _ox oI MS = 7™ . SY TS

by taking the scaffolding residue.



s-eformation stringy integral




Loop integrands
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Loop integrands

® All-loop canonical Yang-Mills integrands from the surface [ Arkani-Hamed, QC, Dong, Figueiredo & He
(2024)].

® At one-loop, the single cut reconstruction can be generalized to general gauge theory, and obtain the
universal expansion [QC, Dong, He &Zhu(2024)], even for one-loop gravity integrands [QC, He, Zhang
&Zhu (2025)].

® At all-loop, the cut equations work for scalar theories [Arkani-Hamed, Frost &Salvatori (2024)], and can
be generalized to Yang-Mills all-loop integrands from the cut equations [QC & Zhu (2025)].
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Remarks

® The origins of hidden zeros: ABHY associahedron, String amplitudes, Enhanced BCFW

scales [Rodina(2024)], Double copy [Bartsch, Brown, Kampf, Oktem, Paranjape
&Trnka(2024)][L1, Roest & Veldhuis(2024)], Feyman diagrams [Zhou(2024)]...

® Zeros determine the scattering amplitudes at tree-level & one-loop integrands
[Rodina(2024)][Backus&Rodina(2025)].

® Zeros and splits constrain the Wilson coefficients in S-matrix bootstrap [Berman,
Elvang & Figueiredo(2025)].

® All-loop splits 1n surfaceology and some mathematical contexts [ Arkani-Hamed &
Figueiredo(2024)][Umbert& Sturmiels(2025)][Early(2025)].

® Inspiration for more new factorizations and recursions for scattering amplitudes
|Guevara&Zhang(2024)][Zhang(2024)]|Backus(2025)].

® Applications for colored Yukawa theory[De, Pokraka, Skowronek, Spradlin&
Volovich(2024)] and Cosmohedra| Arkani-Hamed, Figueiredo& Vazao(2024)].




Ongoing projects

® Form factors from surfaceolgy.
® Surfaceology == String amplitudes at higher-genus surface.

® Dual resonance and massive factorizations.

Summary
» Stringy integrals for scalar/pion/gluon depend on surfaceology.
* Hidden zeros/factorization for scattering amplitudes from the 2-splits.

* All-loop integrands from surface recursion from the single-cut.
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