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» Supergravity
4pt amplitude, maximal supersymmetry

State-of-the-art: 5 loops!
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GOAL: sugra advances —» superstring

Tools: modern amplitudes techniques
® colour-kinematics duality
® ambitwistor string
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Amplitudes toolkit




Worldsheet models for Field Theory

Ambitwistor string  [vieson Skinner 113 ¢ Berkovite] D=0+ed

, 1 . é
no a! SA:—/P-DX—EPQ—i-SM
27 Js 2

» chiral worldsheet theory: X* € Q°(%), P, € Q°(Kx)

» ‘RNS’' model: Sy = S¢1 + S¢2 (others possible)

® action: Sy = [¢-Dy+x Py with ¥F_,, € IQ°(KY?)
® BRST: free, linear CFTs with dgir = 10
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» chiral worldsheet theory: X* € Q°(%), P, € Q°(Kx)

» ‘RNS’' model: Sy = S¢1 + 51[,2 (others possible)

® action: Sy = [¢-Dy+x Py with ¥F_,, € IQ°(KY?)
® BRST: free, linear CFTs with dgir = 10

P target space: A = phase space of complexified null geodesics
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Spectrum and correlators

» Spectrum: type |l supergravity
Wns = 2 (71)8(2) €uvtbi s etk X with k% = ek’ =€k =0
=> worldsheet theory for QFT amplitudes

» correlators = field theory amplitudes

P tree-level = CHY amplitude (cachazo, te, vuan 13

0 L d"oc ! <
.A»El) = <HV(0’,)> = Lonmné(gz)zn

i=1 A

® P localizes onto EoM: 9P, =Y, ki 6(c — 0;) do
® tree-level: P, =3 Fir gy

i o—0;

e P29 ~ scattering equations
& = Resy, P> = 2k; - P(0y)




CHY amplitudes

[Cachazo, He, Yuan '13]
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CHY amplitudes e e v s
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® integral over Mo,



CHY amplitudes .o e v
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» Measure 6(2) = 9 (5752)
® integral over Mo, mome}:{}a ki € R?
2-0
® fully localized on scattering equations f_x/
& =Res,, PP =Y /22 with P,(o) =Y —F_d
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CHY amplitudes .o e v
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» Measure
® integral over Mo,

® fully localized on scattering equations

g =Res,, PP =Y "1 with Pu(o)=)> — do
Py o) =3 e
» Integrand ¥
® specifies theory
Yang-Mills, ¢, t* e : Tym = Liin(oskive) X Clona)

ik-X

GraVity; €u €Eve : Igrav = Z-kin(a'xh, kiyei) X Ikin(G'iA, ki, &)



CHY amplitudes .o e v

0=

d"o
0) _ ) (0)
An” = /9;,I vol SL(2,C) I3z
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» Measure
® integral over Mo,

® fully localized on scattering equations

2%k - ks ks
& =Res,, PP =Y /22 with P,(o) =Y —t do
Py o) =3 e
» Integrand I,(LO)
® specifies theory
Yang-Mills, ¢, t* e : Tym = Liin(oskive) X Clona)
Gravity, €u €y eik‘X : Igrav = Ikin((fi:kuﬁz) X Ikin((fi:kuez)

® ‘woldsheet double copy’  cf [KawaiLewellen Tye 86; Bern Carrasco, Johansson 08]

Gravity ~ YM?
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» Colour-kinematics duality

[Bern,Carrasco,Johansson '08]
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Kinematic numerators N, satisfying same Jacobi's as C,:

2 3
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» CHY integrands

[CHY '13; Bjerrum-Bohr et.al. '16, ..]
® Connection to BCJ:
Cala) SE Na(e)
Cla) = Tin(e) = Tl
W= > Tan) OEEDY Tan)
a€Sy,_2 €Sy _2

—

Parke-Taylor factor
(12...n) := 012023 ...0n1
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» Colour-kinematics duality

[Bern,Carrasco,Johansson '08]
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» CHY integrands

[CHY "13; Bjerrum-Bohr et.al. '16, ...]

® Connection to BCJ:
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» Colour-kinematics duality

[Bern,Carrasco,Johansson '08]
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Kinematic numerators N, satisfying same Jacobi's as C,:

2 3 2 3

» CHY integrands

[CHY "13; Bjerrum-Bohr et.al. '16, ...]
® Connection to BCJ:
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(1an) (1an)
aES, _ 2 a€ES, _ 2

® Colour C, and BCJ numerators N, a(2) a(3) a(n—1)
for ‘half-ladder’ master diagrams ‘ ‘ ‘ ‘
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genus-g correlators = loop integrands J




g<2

Genus-g correlator = loop int’s

[Adamo, Casali,Skinner, Tourkine,YG,Mason,Monteiro '13-'18]
n
(9) —
A = V(oi)
i=1

%y
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» Moduli space My
® homology basis:  #(Ar,By) = d1s
modular group: Sp(4,Z) 4

® holomorphic differentials wy
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Genus-g correlator = loop INt'S e comssimer Toumine v son ot 151

g<2

A9 = <HVUZ> / IT ds 5(u" H5 7
g"I<J

» Moduli space M, »
® homology basis:  #(Ar,By) = d1s
modular group: Sp(4,Z) 4

® holomorphic differentials wy

5IJ:?{ Wy QIJ:?{ wyr
Ag By

» Scattering equations
® P determined by 0P =3 ki d(z — z)dz

Pu(2) = 2mi by, wi(2) + Y kipwie(2)

hom. solution merom. diff's wy;)
loop momenta Res.,wij =1



Genus-g correlator = loop INt'S e comssimer Toumine v son ot 151

g<2

i) -/
Mg, n I<J

» Moduli space M, »
® homology basis:  #(Ar,By) = d1s
modular group: Sp(4,Z) 4

® holomorphic differentials wy

5IJ:7{ Wy QIJ:?{ wyr
A By

» Scattering equations
® P determined by 0P =3 ki d(z — z)dz

Pu(2) = 2mi by, wi(2) + Y ki wie(2)

® scattering equations enforce P%(z) = 0:

G

1J
=u" wrwJys
£=0




Higher genus amplitude formulae

AP = / 1! / [] a0 8(™) [[6(E) 2
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» Properties

® modular invariance
® |ocalization on scattering equations

dim9My , =# SE's=3g—-3+n



Higher genus amplitude formulae

AP = / 1! / [] a0 8(™) [[6(E) 2
m

g:mn I<J i

» Properties

® modular invariance
® |ocalization on scattering equations

dim9My , =# SE's=3g—-3+n

» Questions

® |oop integration UV divergent in d = 10
® calculation of loop integrand?

Field theory! How can we see that the integrand is rational?




Residue theorem to the nodal sphere

[YG,Mason,Monteiro, Tourkine '15-'18]

» Residue theorem on fundamental domain

Look at g = 1:

T = 100

Lo

ks

solutions to u = 0
on& =0
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Residue theorem to the nodal sphere e i i s

» Residue theorem on fundamental domain
Look at g = 1:

solutions to u = 0
on& =0

» Integrand localizes on nodal sphere

30 = / 9 5 70 (g)
ml,nq
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Residue theorem to the nodal sphere e i i s

» Residue theorem on fundamental domain
Look at g = 1:

-1 1
2

solutions to u = 0
on& =0

» Integrand localizes on nodal sphere

dq < r dq < 1
W= [ W5z = [ D =-4 [1°0)
o, 9 oy, U 2 Jo

e - -




loop expansion = nodal expansion

J




Loop amplitudes from the nodal sphere

A0 — [ 4% / (7929 (7919) "ﬁ",g )
Mo,n+2g A=1

» From residue theorem

® traded localization on P? = 0 for qi = e =



Loop amplitudes from the nodal sphere

(9) _ ﬁ (9) (9) 7(9) (9))7(9) n+2g/g c
AP = [ i fs (07 2) (@) 11560

» From residue theorem

® traded localization on P? = 0 for qi = e =

® modular parameters q;; = ™%/ vs. nodal points o+

(9)
dqi, _ J j(g) — Jw H do+
It

11:[J qrs vol SL(2,C) /

) 0= (o)
@ T = (”1+2+01+270172+0172*)71



Loop amplitudes from the nodal sphere

.A;g) _ l_iilzfl /m . g I(g)) (j(Q)I@)) lt_[ 6 (Ea)

0,n+2g

» From residue theorem
® traded localization on P? = 0 for qi = e =

® modular parameters q;; = ™%/ vs. nodal points o+

dqi, JY W _ 70
-~ 2 = JOT] d
U =steg 7 [Tdors

® 9 remnant of fundamental domain

.

@ @ = Dita= Tyt
T1+1—%2+2—



Loop amplitudes from the nodal sphere

0) ' (0 o\ [ 1775
A9 = [ T / i) (qu) Iﬁ’) (j<g) IRg) 15
Mo, n+29 A=1

» From residue theorem
® traded localization on P? = 0 for qi = e =

® modular parameters q;; = ™%/ vs. nodal points o+

dqi, JY W _ 70
-~ 2 = JOT] d
U =steg 7 [Tdors

® 9 remnant of fundamental domain

® Scattering equations
&, =R (9) @ — p2 _ (¢! 2,
4 = Res,, P P = (Cwr+-)" + Ligy wrt - wy+ -

= B
Q/‘;, L =0+ 03
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» Different theories possible
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® ‘linear’ propagator factors of form 20; - K + K?
® related to standard representation by residue theorem

Example
¢
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Comments

» Different theories possible
® dim. red. tod < 10 L
® sugra and sYM (next slide) ** ~ b R

» Unorthodox integrand representation

® ‘linear’ propagator factors of form 2¢; - K + K2
® related to standard representation by residue theorem

Example
¢

< > 1 1 1
K —
020+ K)2  £2(20- K + K2) + L+ K)2(—2¢- K — K2)

1+ K

shify 1 ( 1 i 1 >
2 \20 - K+ K2 —2¢- K + K?

» Physical interpretation of @ and ¢

e P  correct poles in ‘linear’ representation
® ¢9:  no unphysical poles



Colour-kinematics at loop level e o

» BCJ double copy at g loops
State-of-the-art: 5 loops

[Bern,Carrasco,Chen,Edison, Johansson,Parra-Martinez,Roiban,Zeng '17-18]
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Colour-kinematics at loop level e o

» BCJ double copy at g loops
State-of-the-art: 5 loops

[Bern,Carrasco,Chen,Edison, Johansson,Parra-Martinez,Roiban,Zeng '17-18]

Nal Na(
A =2 H“IW A = 2 H“I b

aeT® aer®

» Nodal sphere

[He,Schlotterer,Zhang '16-'17; YG,Monteiro '17-19

® sYM from single copy
g = (79700) 7o, = (79180) (79190)

® Half-integrands in BCJ representation:

CYra1) N9 q+a,17)
(9) _ (9) ’
€= Z (1tal-) TG = Z (It al-)

a € Spy2g-2 a € Spy2g-2

2 3

® ‘half-ladder’ master diagrams

2 20 3 4 2 1

o




From field theory to

superstring amplitudes




4-pt amplitudes for g < 2

» Supergravity
from ambitwistor string, higher genus and nodal sphere

@ =R* /dloﬁl / HdQU y))2 14_[5(&) Hg(u”)

q41<1
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4-pt amplitudes for g < 2

» Supergravity
from ambitwistor string, higher genus and nodal sphere

@ R/dl%f / Hdg,, y>)214"[5(g¢)11:[J5(u1J

q41<1

4+29

\ _ o (9) (9) y)(9) 5
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4-pt amplitudes for g < 2

» Supergravity
from ambitwistor string, higher genus and nodal sphere

@ =R* /dloﬁl / HdQU y))Q 14_[5(&) Hg(u”)

q41<1

e o @ ( 70 v\2 TT
. = R/H i /mc (79’ Hm

» Type Il superstring
chiral Sp|itting form  [0'Hoker,Phong ‘88, ‘0] @

A( / HdQ” /dloel |yég)|2

I1<J
x H |E(zi, %) % (im Q€17 2mi s el [ wr)
b

i<j

a/sij/2 2




Chiral integrands

» Observation 1:
3 representations s.t.

yg” = y/(f) mod (d-exact, (£,u))

® superstring: mod d-exact terms, yég) independent of o’
® ambitwistor: mod scattering equations
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» Observation 2:
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Chiral integrands

» Observation 1:
3 representations s.t.

yg” = yfg) mod (d-exact, (£,u))

® superstring: mod d-exact terms, yég) independent of o’
® ambitwistor: mod scattering equations

» Observation 2:
Direct equality for BCJ representation

VO =y st (@2m)gWyo = %

a € Sayag

NéC)J(ﬁar)
(Ital-)

Assumptions
® straightforward extension of Aég) and Aff) tog=3

» Schottky problem for g > 4

> non-projectedness of supermoduli space for g > 5
[Donagi,Witten '13; Witten '15]

P scattering equations on nodal sphere for g > 47

® straightforward extension of Observation 2 to g = 3
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Strategy

e TH
RS
~

colour-kinematics
& BCJ numerators

<

ambitwistor string ansatz:
& scattering equations modular inv.

homology inv.

% “‘94!962ﬁ5*

§HHH

(i) start with supergravity loop integrand in a BCJ representation, N
(ii) translate to worldsheet representation N©
. Tal?)
9t 7@ @) — ("o
(@mi) T7Y > 1*al-)
a652+29
(i) uplift to higher genus: yég) = yg"’

(9) — y@
A |noda| _ y )
® modular invariance



Proof of concept:

2-loop integrand




2-loop superstring amplitude from field theory

Upshot: reproduces known yg”

[D’Hoker,Phong '05; Berkovits '05]
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2-loop superstring amplitude from field theory

Upshot: reproduces known yﬁ)

[D'Hoker,Phong '05; Berkovits '05

(i) Supergravity integrand in BCJ representation

[Bern,Dixon,Dunbar, Perelstein,Rozowsky '98]

Numerators; N® } 1 | } = N(z){ [

(ii) Translate to nodal sphere
Using colour-kinematics / BCJ numerator relation on WS

(2) 1+ 4
N4 (2)~5(2) NY¥Y@ata17)
2mi)" TP = E ol

a€Sqq2




2-loop superstring amplitude from field theory

Upshot: reproduces known yé”

[D'Hoker,Phong '05; Berkovits '05

(i) Supergravity integrand in BCJ representation

[Bern,Dixon,Dunbar, Perelstein,Rozowsky '98]

Numerators; N® 1 | } = N(z){ e

(ii) Translate to nodal sphere
Using colour-kinematics / BCJ numerator relation on WS

N(2)(1+a1*)
9ri)d 7@ p@) _
(2mi) Ty > 1*al-)

a€Sqq2

(iii) Uplift to g =2
Ansatz with correct modular weight:

wil _ 1 oy do
lnodal = 2w (o—0;) (=07 )

® modular weight —2
® construct from A = e/ wr(z)w.(2))




2-loop superstring amplitude from field theory

Upshot: reproduces known yé”

[D'Hoker,Phong '05; Berkovits '05

(i) Supergravity integrand in BCJ representation

[Bern,Dixon,Dunbar, Perelstein,Rozowsky '98]

Numerators; N® 1 | } = N(z){ e

(ii) Translate to nodal sphere

Using colour-kinematics / BCJ numerator relation on WS @
N(2)(1+a1*)

(2Fi)4j(2)y(2> _ Z

+ -
e (It al-)

(i) Uplift to g = 2

Ansatz with correct modular weight:
® modular weight —2 @

® construct from A% = e/ wr(z)w.(2))

f o1
[yéz) =y = 3 ((814 — s13) AYAL + Cy0(234))]




Lessons from 2 loops: g = 2 ansatz

1
[yéz) = yfs) =3 ((814 — s13) A(fz)Agi) + cyc(234))]




Lessons from 2 loops: g = 2 ansatz

A

. 1
[yéz) _ y(2) =3 ((314 — 513) A%)Agi) + cyc(234))]

» Properties
® modular weight mod(yg(g)) =g—4

® homology inv.

Functional basis?
® one-form in z;



Lessons from 2 loops: g = 2 ansatz

. 1
[yg” = y@ =3 ((814 — 813) A@Ag + cyc(234))]
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Lessons from 2 loops: g = 2 ansatz

B

. : 1
[ys(s2> =y = ((814 — s13) AP AL + CYC(234))]

» Properties

® modular weight mod(yég)) =g—4
® homology inv.
® one-form in z;

» Objects on X»
. Agf)lg of weight mod(A®) = —1
AW — et wr(zi,)

i1..ig

® ring of mod forms Wy, Wg, Uig, ¥1o

® RNS superstring:  Zg[d]/ P10 chiral measure
S°%(zi,2;) Szegd kernels

Functional basis?

o<

n < 3pt: E Esld] (Sé)c;; =0
)
=s[0
apt: ZT[] (8°)4 = =* (ABAY - ABAY)

8




New results:
3-loop integrand




3 loops (i): BCJ representation

(i) Supergravity integrand in BCJ representation

[Bern, Carrasco, Johansson '10]

25 6 10 N o 1 b NG e 1t
Integral 1| A = 4 Super-Yang-Mills (v/N =8 supergravity) numerator ‘ ‘ ‘ ‘
(a)~(d) s et
(e)-(g) (s(=7s5 + Tas + 1) — t (Ta5 + Tas) + u (725 + 735) — 5 ) /3 25 s 7 8
(h) (s (2715 — T16 + 2726 — Tar + 2735 + Ta6 + Tar — ) 5
+ (116 + Ta6 — a7 + 2736 — 2715 — 2727 — 2735 — 3717) +5°) /3 1 @ i
(i) (s (=725 — Ta6 — Ta5 + Ta6 + Tas + 2t) B B
+t (726 + T35 + 2736 + 2745 + 37a6) + uT2s + 5% )/3 f
@)-) s(t—u)/3 Ih
(Tir = 2ki - br—4)
DR
9 3
A7
,
! Gy 4




3 loops (i): BCJ representation

(i) Supergravity integrand in BCJ representation

[Bern, Carrasco, Johansson '10]

25 6 1% N5 o 1 b ARG 3
Integral 1®)| N = 4 Super-Yang-Mills (/A = 8 supergravity) numerator ‘ ‘ ‘ ‘ ‘ ‘
(a)—(d) 5% . W e Ty
(e)~(g) (s(=7s5 + Tas + 1) — t (Ta5 + Tas) + u (725 + 735) — 5 ) /3 N ’ '
(h) (s (2715 — 716 + 2726 — To7 + 2735 + Tae + Ta7r — u) i -
+ (116 + Ta6 — a7 + 2736 — 2715 — 2727 — 2735 — 3717) +5°) /3 o, } - .
(i) (s (=725 — T26 — T35 + T36 + Tas + 2t) § : o .
+t (726 + T35 + 2736 + 27a5 + 31a6) + uTas +5°)/3 f '/‘ -
G)-0) s(t—u)/3 Ih ‘ I H
(Tir = 2ki - br—4)

1 2
= 3 s12(s12 — $14) + 3 A (s13 — s14)

2
+ 3 . (ks (s13 — s12) + ka (s12 — 514))



3 loops (ii): nodal sphere

(ii) Translate to nodal sphere

Use colour-kinematics on the worldsheet
N® a1
o)t ()3 _
[( ) Ty > 1+tal-)

a636+2
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Use colour-kinematics on the worldsheet
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o 4.73)3) _
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oz€Se+2

° j(3) from modular parameters

dqus JY @ _ 7
= T =JY do+
IIZIJ qr; vol SL(2,C) g d
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3 loops (ii): nodal sphere

(ii) Translate to nodal sphere

Use colour-kinematics on the worldsheet
N® a1 :
o 4.73)3) _
[( )Ty > 1+tal-) :

OA€S6+2

e 70) from modular parameters

dgrs T @ _ 7
= —a— TV =JY do+
IIZIJ q;  vol SL(2,C) g !

3) (2) 7(2) 7(2) H (2 _ -1
J( ) = Jhyp le J13 J23 H0'1+1+ Wlth J” = (U[*J*a-[*’J’a-[’J*a'[’J’)
Jhyp = O+ O2t3- O3t~ — Oty Ogty 0ot

® Hyperelliptic locus y? = [[2%5%(z — z4): Wo =0

Vo= [— Hﬁa (0) and Wy = Jnp T3 T35 T8 HO‘%V an
Vs

Take-away: e TOyE) # 0 on hyperelliptic Jy, =0

Zi
.yS(3)N%9)+___




3 loops (iii): higher genus

[y@ =4V 23’—0]
Ux;

» Construction of Ansatz
Requirements:

o mod(yég)) =g—4

® one-form in z;

° ys<3) ’ (3)

nodal
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® one-form in z;
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» linear in loop mom /¢!
> hyperelliptic Yo ~ \IIQ_1



3 loops (iii): higher genus
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T

» Construction of Ansatz

Requirements: Genus-3 tools:
* mod(W") = g —4 o AD,, = detw(zi,)
® one-form in z; ® ring of mod forms
3) (3 34 generators [teuyumine 5]
° yg |noda| - y( )

® chiral measure Zg/¥q

[Cacciatori,Dalla Piazza,van Geemen '08]

» linear in loop mom ¢/
> hyperelliptic Yo ~ \IIQ_1
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T

[y“’ =LVt 23’—0]

» Construction of Ansatz

Requirements: Genus-3 tools:
* mod(W") = g —4 o AD,, = detw(zi,)
® one-form in z; ® ring of mod forms
3) (3 34 generators [teuyumine 5]
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T

[y“’ =LVt 23’—0]

» Construction of Ansatz

Requirements: Genus-3 tools:
* mod(W") = g —4 o AD,, = detw(zi,)
® one-form in z; ® ring of mod forms
3) (3 34 generators [teuyumine 5]
° yg |noda| - y( )

® chiral measure Zg/¥q

[Cacciatori,Dalla Piazza,van Geemen '08]
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3 loops (iii): higher genus

i)
T

» Construction of Ansatz

Requirements: Genus-3 tools:
° mOd(yég)) =g—- 4 ° AZ]’LQU = det (4)1(21‘])
® one-form in z; ® ring of mod forms
(3)| _ ))(3) 34 generators [Tsuyumine ‘5]
dal . —_
noce ® chiral measure Zg/¥q
[Cacciatori,Dalla Piazza,van Geemen '08]
» Result
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3 loops (iii): higher genus

T

[y“’ =LVt 23’—0]

» Construction of Ansatz

Requirements: Genus-3 tools:
o mod(yég)) =g—4 ° Amyd = detwr(zi,)
® one-form in z; ® ring of mod forms
(3) 3 34 generators [tsuyumine 5]
° yg |noda| - y( )

® chiral measure Zg/¥q

[Cacciatori,Dalla Piazza,van Geemen '08]

» Result

Y
&
S
Il
Wil

(chfwl (zl)Agi)zl +Cyc(1234)>] [yo = 513514 (D12,34 — 812,34)+Cyc(234)J

® of =k (ks — ka) k14 cyc(239)
® Dy = 1 (wsa(z1) A5 + (162) + (12639



3 loops (iii): higher genus

i)
T

» Construction of Ansatz

Requirements: Genus-3 tools:

° mod(yég)) =g—4 ° Amzm = detwy(zi,)

® one-form in z; ® ring of mod forms

° y(s) —y® 34 generators [teuyumine 5]

S nodal . —
® chiral measure Zg/¥q
[Cacciatori,Dalla Piazza,van Geemen '08]
» Result

2
[y, =3 (a‘fwz (zl)Aé‘?’le +cyC(1234))] [yo = 513514 (D12,34 — 312,:;4)+cyC(234)J

® of =k (ks —ka) ki 4 cyc(234)
® Diosi= 3 ((,‘)34(21)&2?4 +(12) + (12 34)
® Sy = E(E(; %(5f25335§4521 - %5(5(152)2(55,54)2) + (1 2))

» sum over 36 even spin structures ¢
» chiral measure Eg/Wg [c.0P.G 08



Comments on the proposal

(@) _ gt yu 4 Y0
[ys _E” i+ 27Ti]
2
y,”: 3 (a‘fwf(zl)Ag;L +cyc(1234))

Yo = 513514 (Di2,31 — Siz,31) + cye(234)
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Comments on the proposal

T

[y“’ =Vt 23’—0]

2
yr= 3 (Oéibwl (Zl)Aé:);))gl +CYC(1234)) Vo = s13514 (D131 — Si2,31) + cyc(234)

» Properties
® modular invariance

* field theory limit Y| =@

nodal

} by construction

° homology iNnvariance  [o'Hoker Mafra Pioline Schlotterer '20]
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Comments on the proposal

CRETE

2
V= 3 (a?w; (,7:1)Ag§)4 +cyc(1234)) Yo = 513514 (D123 — Si2,31) + cyc(234)

» Properties
® modular invariance

* field theory limit Y| =@

} by construction
nodal

® homology invariance  [p'Hoker Mara Pioline, Schiotterer 20]
» move z; around B, cycle:

zi = 2z + 0, By fjﬁfl—éikl
» invariance from interplay of y}‘ and Dy 34

® consistency with D®R* low-energy limit [come. i 15
> agrees with of )/, detailed comparison WiP

» Questions
® simplification of Sis 34 \J
® RNS origin of measure unclear |wicen 15

® Functional basis? < Uniqueness?



Outlook

» Strategy for importing field theory results to superstring

- TH
~ /

uplift
—

colour-kinematics puuugipun Qo ambitwistor string ansatz:
& BCJ numerators X & scattering equations modular inv.
]:E( E . homology inv.
om o - Ay B

=> proposal for 4-pt 3-loop superstring amplitude

> Outlook
® uniqueness?
® stronger evidence / proof?
® higher loops?



Thank you!
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