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Why pay attention!

...string scattering amplitudes in a flat background...

“hasn’t everything been calculated already?”

* derive vertex operators
* calculate correlation functions
* integrate over moduli

— very complicated above four points!
(but go see Schlotterer’s talk!)
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* symmetry vs simplicity = most (manifestly) symmetric
answers are the simplest

* golden standard of simple scattering amplitudes:
four dimensional MHV amplitudes in tree level Yang-Mills

[Parke-Taylor, 87]: A, (MHV) = 12) <§§>J>4 (1)

* see recent 4D field theory developments

* similar insight into perturbative string theory?
* (string theory should be simpler than field theory)

D=4 vs D>4!
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Superpoincare invariance: on- sheII superspace

start with on-shell susy algebra,

standard: reduce to copies
of fermionic harmonic oscillator

little group
Spinor rep

standard: on-shell massless
momentum through
completeness:

hence, a representatlon of the on- sheII susy algebra is given by:

* every leg has (k, Na) coordinates — on- sheII superspace
* chirality constraints easy, reality conditions hard
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* component amplitudes by fermionic integration

* simple formulation of the on-shell susy Ward identities
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Superamplitudes Q4 = 4, QAN =\Y

» promote each leg of an amplitude A(k;) — A({ ki, })
* component amplitudes by fermionic integration

* simple formulation of the on-shell susy Ward identities

@ = Z Q. } B exact,

B Z_ - QA=QA=0 universal
— Qz

solving half: 0°(Q) ~ €a,..Ap (@ e AD’\mlnlmaIIy

. fermionic
thatt A =6"(Q)A with = 7
SO tha 07 (Q)A wi QA 0 coordinates
3

* 3 massless particle exception: ZD fermionic coordinates
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Superamplitudes A=06P(Q)A QA =0

* 3 minimal, maximal fermionic weight for amplitudes

D
D < weight < (#massless); + (#massive)D — D

X R

fermionic delta function conjugate delta function

* delta function only:

{ four massless legs
simplest solutions

one massive, two massless

* immediate four point tree amplitudes /w massless matter:
1

Q) 519(Q)

St stu

AD:8,YM ™ ADle,Grav. ™

* also three points, five points, on-shell recursion in paper



More simple superamplitudes!?



More simple superamplitudes!?

minimal, maximal fermionic weight for amplitudes

D
D < weight < (#massless)g + (#massive)D — D



More simple superamplitudes!?

minimal, maximal fermionic weight for amplitudes

D
D < weight < (#massless)g + (#massive)D — D

more delta-function-only amplitudes?



More simple superamplitudes!?

minimal, maximal fermionic weight for amplitudes

D
D < weight < (#massless)g + (#massive)D — D

charge |
more delta-function-only amplitudes? A _ \Aa
Q" = Ta

* fermionic weight of amplitudes
is related to U(1)r charge




More simple superamplitudes!?

minimal, maximal fermionic weight for amplitudes

D
D < weight < (#massless)g + (#massive)D — D

charge |
more delta-function-only amplitudes? A _ \Aa
Q" = Ta

* fermionic weight of amplitudes
is related to U(1)r charge

* massless super fields have natural U(1)r charge (“selfdual™)



More simple superamplitudes!?

minimal, maximal fermionic weight for amplitudes

D
D < weight < (#massless)g + (#massive)D — D

charge |
more delta-function-only amplitudes? A _ \Aa
Q" = Ta

* fermionic weight of amplitudes
is related to U(1)r charge

* massless super fields have natural U(1)r charge (“selfdual™)

* U(l)r in D=8 — rotations in 9-10 plane conserved
— superamplitudes here have weight 2n



More simple superamplitudes!?

minimal, maximal fermionic weight for amplitudes

D
D < weight < (#massless)g + (#massive)D — D

charge |
more delta-function-only amplitudes? A _ \Aa
Q" = Ta

* fermionic weight of amplitudes AT _ A )
is related to U(1)r charge QT = A 5Na

* massless super fields have natural U(1)r charge (“selfdual™)

* U(l)r in D=8 — rotations in 9-10 plane conserved
— superamplitudes here have weight 2n

« U(I)r in D=10 — part of SL(2,R)/U(]) of IB not conserved
— simple superamplitudes?
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D=10:256 states in the fundamental multiplet

d(n) = do + ™0 + ... + ¢o(n)®

field content:
holomorphic scalar: a + ie™?

bosonic _ érmionic
0 1,4
| 8. w
. 25; 3 56 '\
raviton =1 '
& 4 35, + 35 . - dilatino
\\ 6 j 28_2 ——1
28 , s .
&8 14

conjugate scalar /
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* superamplitudes with only massless fields have:
16 < weight < 8n — 16 (weight = even)

* graviton-only components at weight 4n conserves U(l)r

* delta function only amp violates U(1)r by 4n-16 units

— Maximal R-symmetry Violation
— “MRV” amplitudes, analog of MHV
* existence exact, R-charges satisfy an exact bound:

* general MRV amplitudes properties:

* need only one component amplitude | | Z qi| < 4n — 16
* completely Bose symmetric i

* only massive particle poles (n>4)
* = no poles in field theory limit
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from general properties at string tree level:

Ci: symmetric polynomia in external momenta of dimension 2i

T sy = (ki + kj)?

— [S%Z]n
Co —7 Z (s12)° up to momentum conservation
perms
C3 — Z (s12)”, Z (512523534)
perms perms

determines amplitudes up to |-2 constants to order o’
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from general properties at string tree level:

AMR\/ (ga/Q)n Z(CV/SCQ—I—CV461—|—CV CQ‘I‘O( /6))

five point example from dilaton-graviton* amplitude:

A ~(ga™)" | =6¢(3)a" — S ((3)a” ((st))

_I_QC( )2 /6 ([8?2]5) 372
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MRV amplitudes in field theory limit 4 — 4 5'6(Q)

from general properties at string tree level:

AMRV (QO/Q)n 2(0/36()4—044614—& CQ‘I‘O( /6))

five point example from dilaton-graviton4 amplitude:

7)o (13[51112]54‘6[5%23%4]5)

32
(71[5?2]5 + 25[3:132534]5) + O (alg)

* using results from: [Kawai-Lewellen-Tye, 86], [Stieberger- _
Taylor, 06], [Huber-Maitre, 07] + equivalence theorem

* only odd zeta’s: [Stieberger, 09], [Schlotterer-Stieberger, | 2]
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MRV amplitudes in field theory limit 4 = 4,5'5(Q)

from general properties at string tree level:

AMR\/ (ga/Q)n 2(&/300+(X401—|—CV 02_|_O( /6))

determining remaining constants! — soft limits

e supersymmetric soft limit: ki, n; — 0

* axion decouples in this limit, dilaton related to couplings

0 0 ‘
. _ 2 [
klllglo Ani1({k1,0}, X) = 29, <a S 20 593) A, (X)

“Soft dilaton theorem” [Ademollo et.al., 75], [Shapiro, 75]

* differential operator annihilates gravitational coupling
— relates ¢; for various multiplicities, up to degeneracy
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from general properties at string tree level:
AMR\/ (ga/Q)n 2((1/300—|—Oé401—|—04 CQ‘I‘O( /6))
using soft dilatons to fix constants: from four

/ / points
_ . .

AMRY — 9(3)n40/3¢(3) + 2 ¢ (5) ([s2)n)

fro.m ﬁvem '///3/' a’°C(3)% ([s75]n) + O ('T)

points

include more stringy
symmetries?



MRV amplitudes in field theory limit 4 = 4,5'5(Q)

more stringy symmetry in |IB: SL(2,Z)
[Green-Gutperle, 97], [Green et.al,, 97-12]

m=ay+ie® [ m) = Y (+mn) AU+ ma) P
(1.m) 2(0.,0)



MRV amplitudes in field theory limit 4 = 4,5'5(Q)

more stringy symmetry in |IB: SL(2,Z)
[Green-Gutperle, 97], [Green et.al,, 97-12]

m=ay+ie® [ m) = Y (+mn) AU+ ma) P
(1.m) 2(0.,0)

“exact’” amplitude conjecture:

A%R\/ « 516(Q)(a/29)n—2 (O/ng—zl n 0/5](7%1—4 ([312] ) n (’)( ))



MRV amplitudes in field theory limit 4 = 4,5'5(Q)

more stringy symmetry in |IB: SL(2,Z)
[Green-Gutperle, 97], [Green et.al,, 97-12]

m=ay+ie® [ m) = Y (+mn) AU+ ma) P
(1.m) 2(0.,0)

“exact’” amplitude conjecture:

A%RV « 516(@)(&/29)71—2 (O/ng—zl n O‘/ng_4 ([312] ) n (’)( ))

* analytic part of amplitude: the “no logs”-part
* guess for next order exists

* much work: relation to effective action, better normalization...
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Summary, outlook

remarkably simple class of amplitudes in type |IB superstrings

more examples of applications / more explicit amplitudes!?
* how deep does analogy to MHV go!
* worldsheet picture? (pure spinor?)

* [IA? D=11? open strings? = "constrained superspaces’?



Your Question
Here!



