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@ Review of 4D ambitwistor string theory
e N = 4 conformal supergravity
@ Solving the 4D scattering equations

o Current work and future directions
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4D AMBITWISTOR REVIEW
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Witten 2003 considers a string theory where the target space is twistor
space
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4D AMBITWISTOR REVIEW e‘§=

Witten 2003 considers a string theory where the target space is twistor
space

Cachazo, He and Yuan 2013 introduce the scattering equations
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4D AMBITWISTOR REVIEW E“:-';

Geyer, Lipstein and Mason 2014 consider worldsheet action

S:/d2a(z-aw+c2-w)
= [ o (B0 + Nl + e () + )

Amplitudes in field theory are correlation function of worldsheet vertex
operators
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4D AMBITWISTOR REVIEW ‘%‘,

Penrose transform from twistor theory motivates plane-wave vertex
opeartors

Wato) = x@)* [t @ (1 dxo)] e
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4D AMBITWISTOR REVIEW AR

Amplitudes are supported on 4D scattering equations refined by MHV
degree
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4D AMBITWISTOR REVIEW

Amplitudes are supported on 4D scattering equations refined by MHV

degree

ti S

o 1(1> (i) = det(oi0;)

o = (0102...00) € Gr(2,n)
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4D AMBITWISTOR REVIEW ‘%‘;

Geyer, Lipstein and Mason 2014 write tree-level S matrices as integrals
over these equations

d2><n r
At = GL(2 zz+1 H 2W< Z%)H(SQ( zl:<)>

r
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4D AMBITWISTOR REVIEW ‘}‘i'=

Geyer, Lipstein and Mason 2014 write tree-level S matrices as integrals
over these equations
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CONFORMAL SUPERGRAVITY ‘%"

Berkovits and Witten 2004 consider N' = 4 conformal supergravity
amplitudes in twistor string framework.

Action is schematically

5= / dir/ =g f(6) W?
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CONFORMAL SUPERGRAVITY ‘%‘;

Berkovits and Witten 2004 consider N' = 4 conformal supergravity
amplitudes in twistor string framework.

Action is schematically

5= / dir/ =g f(6) W?

So equations of motion are now fourth order, ie.

DP¢(x) =0
solved by ¢(z) = (A + B - z)ek=
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CONFORMAL SUPERGRAVITY
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Graviton supermultiplet is

O~ = hompmensna + mmanx Yt T +nmy AV + et + ¢
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CONFORMAL SUPERGRAVITY ‘%‘;

Graviton supermultiplet is

O~ = h-mmenana + Y™+ nmsAY + ot + ¢

Out-of-MHV amplitudes can now be non-zero
MO (= — =) = 6%(Q)
MO(h=h=¢7) = (12)*

MO=h~h7)y=0, MOML A rt)=0

So we grade amplitude by both MHV degree and a separate Grassmann
degree
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CONFORMAL SUPERGRAVITY ‘%‘,

4 types of plane wave vertex operator

f}|l_}<l|(0) = (IX(0)) /g 52|4<|l] _ t|>\(o_)]>ez't<,u(o)l)

Vi (o) = DOA(0)] / dt t 52l4<|l] —t|,\(g)]>eit<u(a>l>
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4 types of plane wave vertex operator
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CONFORMAL SUPERGRAVITY ‘%‘;

Plane wave graviton multiplet S-matrix

(0) _ d>"g 24 ] 2 (|
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CONFORMAL SUPERGRAVITY
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Non-plane wave states

. 9 .
—B. zk~x:_~B‘ ik-x
o(x) xe iB-ore
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CONFORMAL SUPERGRAVITY ‘%‘,

Non-plane wave states

. 9 .
—B. zk~z:_~B‘ ik-x
o(x) xe iB-ore

Vertex operators

Viole) = 8- [ 5 (0luto)l = W) 57 ) 82 (10 thage)) )

Vilo) =B+ [ tat(10u(e) \@)] = (o)) oX)])
g2 (m - t]A(o)]) eittulol
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CONFORMAL SUPERGRAVITY
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M(h; h™ht . hT)
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CONFORMAL SUPERGRAVITY AR

M(h bkt .hh)
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CONFORMAL SUPERGRAVITY

M(hy bkt nh)
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CONFORMAL SUPERGRAVITY

M(hy bkt nh)
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SOLVING THE EQUATIONS 2‘2=

How do we extract amplitudes from worldsheet integrals?

d2><no.

~ ] GL(2)

0
A

n,

0> (SE}) f(0)

o f(o'sol)
=) Y 1y~ det (JPW (401))

oso1€solutions
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SOLVING THE EQUATIONS
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SOLVING THE EQUATIONS
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SOLVING THE EQUATIONS %’
n # solutions
4 1
5 11
6 1 41
7 111111
8 1 26 66 261
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SOLVING THE EQUATIONS AR
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n # solutions
4 1
5 11
6 1 41
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8 1 26 66 261
(12) (12)
o — (1 0 o @>
0 1 @ “es W

J. A. Farrow 4D Scattering Equations 26th September 2018 16 / 22



SOLVING THE EQUATIONS
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CHY'’s inverse soft algorithm
lo]
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SOLVING THE EQUATIONS

Solution point histogram
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SOLVING THE EQUATIONS 2‘2=

Additional points to address:
e Grassmann integrals
@ Solving can be time-consuming so tabulate solutions

e Changing left set
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SOLVING THE EQUATIONS 2‘2=

Additional points to address:
e Grassmann integrals
@ Solving can be time-consuming so tabulate solutions

e Changing left set

Go to Mathematica
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CURRENT WORK AR
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Cachazo, Mizera and Zhang 2016 work with subset of Mandelstam
invariants where solutions all fit into the interval [0, 1]
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Cachazo, Mizera and Zhang 2016 work with subset of Mandelstam
invariants where solutions all fit into the interval [0, 1]
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CURRENT WORK

Solutions are now labelled by (n — 3)! orderings

4D Scattering Equations
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@ Review of 4D ambitwistor string theory
e N = 4 conformal supergravity
@ Solving the 4D scattering equations

@ Current work on general d equations

Thank you for listening
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