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T A ScatteringStory
I

1 n massless particles p
kinematic x Xn Grace
data x ̅ x In Grecan

Pi 7 I TeMatz IR external momentum ofparticle i

spinor ij det Ail X
variables Lij det 17

PROPERTIES
i ij ji and ij ji Xii ii 0

ii Schouton identies Plicker relations

ij km ik jmy limyjky 0

ij km ik jm im jk 0

iii momentum conservation

If Pi O If ji ik o

j k






































































































































































































We denote sij ij ij the
Mandelstam invariants

Scattering amplitudes are analyticfunctions
whchcomputetheprobabilitiesof certain
scattering patterns

Gluonscatteringamplitude Yang Mills

Theorem ParkeTaylor 86 BerendsGiele 86
The tree level MHVamplitudefor ngluonscattering isgivenby

49 g

RemarkI
i Tree level MHVgluonamplitude isfixedby its

simple logarithmic poles its numerator is trivial

ii we can associate to thecanonicalformon Gr 2in

A Arzo 2n 2 Moin A 2 torus

a








































































































This mediates a fruitful dialogue

Grassmanian Amplituhedron scatter

combicatorics
bd.nu91diagramsm
9e

geometry

MATHEMATICS PARTICLEPHYSICS

Gravitonscatteringamplitude
V 8 SUGRA

Question Is there a similar underlying
mathematical structure

The Hodges 2012
The tree level MHVamplitudefor n gravitonscatteringis

R rows RdeletedME
IEEE columnscadeted

R ab bc ac

i j forfixed XYwhere is f is reference
spinors

and R acbcc C deaf

Denote Nn the numeratorof Mi























































































Example let n 5 R 1112133 C 3,4153

det E 1 4
I

1141142515257447225
Ng 1141125 2474157 414 25 24 15

Fact Nn vanishes at ij ij 0 ij

RemarksI
i Tree level MHVgravityamplitude isNOTfixedby its
poles doublepoles in soft limits non logarithmicpoles
and the numerator is NOT trivial

ii Noconnection to logarithmicdifferential formsof the
Amplitohedrongeometry























































































II Spinor helicity varieties
and ideals

Fix two copies of the complex Grassmanian Green
subvariety in p E 1 with Plucker variables ij Lij

Rn Lij Lij 4
In Encinas olj.kz v iii immiti

m 114
Jij ij Lij
Tn Rn Rn In Qu

J antn Jij Qu

f Spinorhelicityvariety
SH 2 n 0 7 rank x rank x ̅ 2 rank x 0

Grace Green PE 1 xp E 1

SH 2 n 0 F1 2 n 2 MaazouzPfisterSturmfels2024

2 step flagvariety























































































We equip Rn with a 2
2

grading
egg egg e i i en

i i
4 E

II I it
which descends to Qu

Fact Nut Qn lives in multidegree
d n E 6 n 3 n 5 n 5 24th

d 5 2 2 0 0 0 0 0

Conjecture For n 5 dimalJam 1

multidegree den
part

We propose a proofby induction

Upshot control over the expression and
behaviorof Nn























































































A note on

ADJOINT HYPERSURFACES

P a projectivepolytope

arrangement 7 p
Yf

the supporting

adjoint
hypersurfaceAp

GaetzPositiveGeometrieslearning
Seminar Lecture3

Theorem KohnandRanestad2019

Hpsimple Ap unique

THIEF ACP a ax
facets

Question can the geometry of Ap
a date a geometry underlying
MHVgravityamplitudes Could our
conjectureand methods furnish a novel
approach to investigatingadjoints























































































III Computational Evidence

Confirmed n 5 n 6
We implement a procedure in Macaulay2

1 Compute standard monomial basisof
Qn den wint gradedreverselexicographicorder

But 16 n 5

780 n 6

107 for n 7

2 Solve a linear systemofequations

Enumerate basis of a den combinatorially via
degreesofMandelstam invariants

1 51 74 71 3L

Sip ij 2 ij E

are is i.in

sdegregcijsckescikIlje 2 2 nz

Inf 74 74 74 c

n 7 c 74 54 72 75 2 2 74 52 72 CJC gl _It























































































Impediments for n 7

i superexponential complexity
ii combinatorial description in
terms of Sij infeasible

II Toward a Gravituhedron
geometry

Motivating Question can we realize
an analogous Amplituhedron like
geometry in gravity

State of the Art Trek 3

R invariants G invariants
in Yang Mills in Supergravity

1 A

a

1
treelevel

Amplitohedron
tree level
Gravituhedron


