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Outline

I. Higher point open superstring amplitudes (tree)
St. St., T.R. Taylor 2006—2008.

e Universal properties and relations

I1. Open & closed vs. pure open string disk amplitudes

St. St., to appear very soon.

e Sort of generalized KLT on the disk



I. Recent results for N—point open superstring amplitudes

N—point open superstring disk amplitudes in flat background
St. St., T.R. Taylor 2006—2008

Motivation: Recent results in YM in spinor basis:
compact expressions, recursion relations, ...

e Computed N—point open superstring disk amplitude
involving members of vector multiplets to all orders in o/,

e Comact representation to all orders in o/,
e Derived SUSY Ward identities to all orders in o’

Universal Properties
e completely model independent

e universal to all string compactifications

e any numbers of supersymmetries




Examples with members of vector multiplets

e 5—gluon MHV amplitude in superstring theory
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(12)°

X (34)2(45)

((41)[15] K1+ (42)[25] K7)

e Supersymmetric Ward identities in string theory
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e N—gluon MHV amplitude in superstring theory
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Recent results for N—point open superstring amplitudes

Note:

SUSY transformations within one multiplet (VM) using

e N conserved SUSY charges Ql, I =1,...,N, with Ol = § 4= VI(z)

e (Space—time) SUSY transformation of open string vertex operator O

on world-sheet disk [ Q'(n;) , O(z) 1:= ¢ 22 1 Va(w) O(2)
C.
generates SUSY Ward identitites (valid to all orders in o)

c.f. also talk at Strings 2008.



Generalizations and Task

e Include chiral multiplets (N=1)
e Use of world—sheet supercurrent Tg

e Include closed strings to probe brane/bulk couplings

—— Derive relations between different types of amplitudes

— Amplitudes of open and closed string moduli



First look: N—point parton amplitudes in D = 4

g = gluon
Consider superstring disk amplitudes involving both V¥ { X = gaugino

: Y = fermion
E.g.. M { ¢ = scalar
in D=4

Ap(97 95,935,458 ) [ V) (s;) —2i POI(s)) e(1,2,3,4) ]
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Ap(97,95,97 594 ,98) = [ VO(s;) —2i POI(s)) €(1,2,3,4) ]
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Striking relation to all orders in o’ !




N—point parton amplitudes in D = 4
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Amplitudes important for low string scale physics

Most relevant for signals from low string scale effects in QCD jets
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Appendix: Chiral matter vertex operator

Vertex operator of chiral fermion (a,b)
a

(,0)

b

V(%T Y2z uk) = gy [THI0 72 whsy(z) =70(2) X

[ gy=(2a)1/2a//* 910/ |

Boundary changing operator =*"%(z), with h =% and:

—anb - —anb p — 1
<— ( 1) — ( 2>> (Zl _22>3/4




II. Disk scattering of open and closed strings

A

1 Al ,NC 2 Jo _.NC. — .
> Vede (I1 [ do T1 [, @) ¢ I1 :Vowp: II : VeCaom)

WESNO/ZQ 1=1 Hy

D-brane stack

Vo(x;) = open string vertex operators inserted at z; on the boundary of the disk

V.(Zi, zi) = closed string vertex operators inserted at z; inside the disk




Example: Two open and two closed strings on the disk

With PSL(2,R) transformation three arbitray points wi,w> € R and wsz € C may
be mapped to the points z1,x2 and z;:

Choice: 1= —00 , xo =1, Zy=—1x , 21 =1x , Zo=2 , 20 =2

with zEH_|_ and z ¢ RT

T =

|
|
g

$2=1

A(1,2,3,4) = /°° dz (c(—o0)e(1)e(iz))

— OO

2 . .. .. S .. — :
X /Cd z {1 Vo(—00) 1 1 Vo(1l) @ Ve(—ix,ix) @ @ Ve(Z,2) 3)




Two open & two closed strings versus six open strings on the disk

e generic structure of world—sheet disk amplitude
of two open & two closed strings:

7 (Kc0) [041,)\1,’71a51
a2,A2,72,62

— / dz 2%0 (1 4+ iz)® (1 —izz:)O‘Q/sz (1—2)M (1 —3z)

x (z—2)" (z —ix)" (z —ix)2 (2 +iz)P1 (z 4 ix)P2

e generic structure of world—sheet disk amplitude of six open strings:

1 1 1

ja ni,n2,n3 _ /d:c/dy/dz P23t yp23+k24+p34+n2 ,P16+n3
ng,n5,neg,N7,Ng,N9 0 0

o)
X (1= z)Paatns (1 — y)Pastns (1 — z)psetne (1 — gy)pastnT
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Two open & two closed strings versus six open strings on the disk

After splitting the complex integral into holomorphic and anti—holomorphic pieces:
Analytic continuation, introduce £ = z1 4120 , n =21 —iz0 , p =1z, p,&n€ER.

ploo) | AA L  g ae 1 4 ples |1 — ples
= 3 [ dplpl* |1+ pl* 1 —pl
Qz2,A2,72,52 —00

x [ dE [ dn|L—¢&M |E—p €+ p|*

X |1 —mn* |n—p]2|n+pl® |€—n" O(p,&n)

Answer: Six open strings, with: pg

z1 = —00, 2zp=1, 2z3= —p,

zZ4 = p, zs =&, ze=m Y ~Tp, PN
P,

p1 = ki, p2 = ko, \

p3 =pa = 3k3, ps =ps = 3ka

N\r—l




Two open & two closed strings versus Six open strings on the disk

W (£,00) [

a].?)\l?fY:I.?/Bl
a2,A2,72,52

|

= oy sin(nB2) (I163542 + I163524 + 1164532)

+ sin(mA2) (I134526 + 1143526) + o0y SiN(my2) I132546 + R

with the six open string orderings <«

Six I's are six—open string amplitudes F|...]

( I63542 1 21 < 26 < 23 < 25 < 24 < 22
I63s2a 0 21 <26 <23<25<22< 24
I134526 1 21 < 23 < 24 < 25 < 22 < 26
I132546 @ 21 < 23 < 22 < 25 < 24 < 26

Iea532 : 21 < 26 < 24 < 25 < 23 < 22

(| T1a3506 0 21 <24 <23<25<22<26




Appendix

To obtain canonical form of open string amplitudes given
by generalized Euler integrals (along segment [0, 1])

requires transformations:

2 Y 2
L: p— -1+ , &€—1-— , n—1—
14+ yz 14+ yz (1 4 yz)
1 1 -2y 2—=x
I p— : £ — : n— -
1 —2yz 1 —2yz (1 — 2yz)
2 — 2 —
R
2 —xy 2 —xy 2(2 — xy)
1 1 -2y 2—z
I4 p— — ) £_> ) -
1 —2xy 1 —2xy z(1 — 2zy)



Open & closed vs. pure open string disk amplitude

General: Disk amplitude involving N, open and N, closed strings

IS mapped to disk amplitudes of N, + 2N, open strings

E.g.: N,=2, No=1 == four open strings
No=3, No=1 —— five open strings
No=4, No=1, N,=2, N.=2 = six open strings

E—g N, = 2, N.=1": G[ao,al,ag] = Siﬂ(ﬂ')\) 11234

No=3, No.=1: G(@) [il’vl} = sin(wA2) Ii5243 + O~ sin(ma) I12345

25,72

Plahte identities: Analysis of contour integrals in the complex plane

yield (Ng + 2N. — 3)!=dimensional basis of functions



Open & closed vs. pure open string disk amplitudes

Sort of generalized KLT on the disk

Velosed(Zi, zi) =~ Vopen(Z;) Vopen(z;) =~ Vopen(n;) Vopen(&;)
z € C ni, & € R

E.g.: (Apq (1) Aps(22) Guzpa(Z1,21) Gusps(Z2,22))

~ (Apq (1) Aps(x2) Aps(n1) Aps (1) Aps(n2) Apg(€2))

(Apy (1) App(x2) Fo5(21,21) F5(22,22))

~ (Apg (1) App(22) xal(m) x3(€1) xv(n2) x;3(£2))



Open & closed vs. pure open string disk amplitudes

This map reveals
important relations between
open & closed string disk amplitudes

and pure open string disk amplitudes !




