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Worldsheet representations of FT amplitudes

D dimensions
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> localization: P> =0
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S-matrix for massless QFTs

holom._é-fns
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S-matrix for massless QFTs

Integrand .7,
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Question:

Spinorial models/formulas
beyond D = 4,107
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6D spinor-helicity

Spin(6,C) ~ SL(4,C)

AB=0,..., 3
AB / 1 CD
> Vectors: k., =v"" Kag, kag = Kias) = ESABCDK
> Kk null: k=0 o Kiag) rank 2
K5 kag = K3K5 £ap =1 (Kaks)
K KAB = KAKB gb = : [«*&B]
> Polarization: Fi with F; =
L Momentum eigenstates:
FS = eac®

EoM: e kP =0 = € = ek8
fhkp =0 = € = er"?
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Polarized scattering equations

> Recall
Scattering equs: & = Res,,P*(c) = ki - P(0y),

> Spinorial resolution:
P, is null: Pas = (Aa(c)5(0))
Scatt. equs: ki - P(oj) = det (Ka 2 (0',-)) =0

iA?

polarized SE

Uija /12 (0’,) = Vig KiaA

/

Ansatz:
uieip

/lf\ (O—) = Zi o0

> Properties:

Ansatz correct:

unique solution {u;, v;} for each solution {o;}
1

natural measure du’’

P(o) = %

ki
-0
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6D supersymmetry
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6D supersymmetry

> (N, N) susy: {Qar» Qau} = Kag Qu {Q-,A» Qf} = k"5Qy,
> on-shell susy:

momentum eigenstates:  Qu = K2 Qu, QF = K*2Qy

further reduction:
supermomenta

0
Qu = &2 q + EaQUB_qJ

supermomenta

> super YM: F = (FR U2, Uai o)

—

F2 = (en + @exn) (¢® + @le®])  Jai = Gi(en + PExn)
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1 = E
///”:fd,ulr);o jr;/zjnwz efntFi

polarized measure

n__ polarized scatt.equs. Eia
A = A | |5 - )& (E)——

i=1

. 3 a . .
d _ 11; d?u; d?v; do;j Eia = Ul (i) = Viakiy
Huve = GTSL(2,C) xvol SL(Z.C)

> fully localized with 22(0) = 3,
> DoF in duf":
5n + (3 + 3) — 5n = 6 mom. conservation

Yi€ia
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Integrand .#,

Yang-Mills: .7}2 = PT(a), F1? = k0
gravity: S = g0 G2 = gk

1 2 E
///n:fd’ugo jglzfr:/z efntFi

polarized measure

ol no_ polarized scatt.equs. Eia
dui = duue | |5(vied) = 1)6*(Ein)
i=1
d _ 11; d?u; d?v; do;j Ein = Uia A3 (07) — Viaks,
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> fully localized with 22 (c) = 3 (ur,e;
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Integrand .#, supersymmetry factor
{ujup)
Yang-Mills: 712 = PT(a), $1? = gkn Y Fv=Yig 509 - 3 1 Li&vidg?
gravity: SN2 = glin, y'/z yk'" > susy lnvanance.

Que™ =0 on &

-

I =
///n:fdlugo FI G PNy

polarized measure

ol no_ polarized scatt.equs. Eia
dui = duue | |5(vied) = 1)6*(Ein)
i=1
1; ?u; 82 v; do Ein = Uiad3(07) = Viak},

Ahwvr = GSLE 0 w0l S0

> fully localized with 43 (o) = % UI-S?,

o
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I nteg rands brane integrands, see: [Heydeman-Schwarz-Wen]

> building blocks

spin-1:

reduced determinant:
on polarized scatt. equs.: ¥, u?H; = 0
= det’H = (uuy)~" [%T] " detHl

A
GAE
Tij

FH = det'H with  H; =
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ee: [Heydeman-Schwarz-Wen]
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> building blocks

. . . EAE
spin-1: FHKn — det’H with  Hj = 'i_’
Ui
. (ujup?
branes: PfU with U = —
if
Pf’A = leA[‘I] with A[/' = IY_J
Tij Tij
colour: PT(a) = ——1——
Tajap Tagag-~Tanay
> double-copy matrix of theories
; Pf’A
’ ’ Fi+Fq Fa
PT det’A det’He ks
PT Bi-adjoint scalar ~ NLSM N =(1,1) sYM .
det’A ) Galileon N = (1.1) D5 N = (2,0) M5
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Twistorial ambitwistor string

Chiral 2D CFT:

1 _
SA = — f&‘ab Za . 6Zb + Aab Za 0 Zb
2n b
super ambi-twistors Z, = (daa, 14, 17) € QU(KL?), Axp € Q0.

c.f. 4D twistor and ambitwistor string
target space: A = phase space of complexified null geodesics

Vi= f oPu; 6Py 5((vie) = 1) 6* (Uida) = (vikia)) w e am a3 6ot)

Vertex operators:

= worldsheet theory for QFT amplitudes
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correlator

%n:<V1 VgVn>

—

Vertex operator:
Vi ~ 6 ((Uida) = (Virin)) w ! (Cirsininsai)

> Integrate out (4, 1) system: Polarized SE
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Solution: 42 =37, e, o
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Correlator

correlator

%n:<V1 VgVn>

—

Vertex operator:
Vi ~ 6 ((Uida) = (Virin)) w ! (Cirsininsai)

> Integrate out (4, 1) system:

Polarized SE
EoM: A8 =31, ”iaf"A 8(o— o) N [ 16 (wita(e)) = vikin))
Solution: 42 =37, e, o
> Integrate out ;7 system:
EoM:  dn =13, u?q (o — o) Supersymmetry rep eV

(wjup)

. u? = v 24 !
Solution: 7% =} 37 ~-qf Fu > Zigj = auj
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BCFW recursion

> Deformation:

Britto-Cachazo-Feng-Witten]

k1 — Ktz q/On -shell:

0
k,,:k,-,—Zq 0

1
q?

o

>
BTN



BC FW recu rSion Britto-Cachazo-Feng-Witten

ki =ki+zq

> Deformation: R
ko =ky-zq

> Cauchy: ///:///(220)295, %///(2):—95 %//l(z)



BCFW recursion e e wie

R1 =ki+zq Poles:

> Deformation: 0=k>=k?+2zq-k

kn=kn-2q ke =Sk
1 1 J
> Cauchy: ///:///(2:0):56 E///(z)z—gg E//l(z)
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ki =k
> Deformation: A1 124
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BCFW recursion e e wien

R1 =ki+zq

> Deformation:
- kyn=k,-2zq

BCFW recursion

> Proof of worldsheet formula:  (asonico-vG mason)

boundary of Mg 5 factorisation channel
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Future directions

worldsheet models in 5d
also: 6d
loop amplitudes?
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