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The full quartic action
Quartic action completely determined [Policastro 0812.3138, Liu 1912.10974] 

 

in terms of the Eisenstein series of weight 3/2 [Green hep-th/9706175]

ℒ(3) ⊃ f0(τ, τ̄)(t8t8 +
1
8

ϵ10ϵ10){R4 + 6R2( |∇𝒫 |2 + |∇G3 |2 ) + …}

f0(τ, τ̄) = 2ζ(3) Im(τ)3/2 +
2π2

3
Im(τ)−1/2 + 𝒪(e− Im(τ) )

D-instantonsTree 1-loop

The kinematics is (mostly) fixed by the notion of index structures  and  
as well as related to 12D covariance [Minasian 1506.06756]

t8 ϵ10

} } }
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Partial 5- and 6-point results derived in [1-4] where one expects couplings to carry a non-vanishing total  charge 





Their coefficients are determined by supersymmetry [5] and given by -covariant modular forms (see e.g. [6])





so that schematically





The terms  of maximal U(1)-charge involving the dilatino  where explicitly derived in [7].
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( ̂l1, ̂l2)≠(0,0)
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( ̂l1 + τ ̂l2)
3
2 +w( ̂l1 + τ̄ ̂l2)

3
2 −w

, fw( aτ + b
cτ + d

,
aτ̄ + b
cτ̄ + d ) = (cτ + d

cτ̄ + d )
w

fw(τ, τ̄) , QU(1)( fw) = − 2w , fw = f−w

ℒ(3) = f12 Λ16 + … + f4 G8
3 + … + f1 G2

3 R3 + f0 (R4 + |G3 |2 R3 + …) + f−1 G 2
3R3 + … + f−12 (Λ*)16

Λ16 Λ
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The 1-loop (tree) amplitudes were computed in [1,2] ([3,4,5]) and the effective action was constructed in [5] (see also [2])
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Five-point Kinematics for 3-forms
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Five-point Kinematics for 3-forms
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Five-point Kinematics for 3-forms

 Guiding Questions

1. Can we simplify these formulae?


2. How are the relative coefficients determined? 


3. Are results consistent with SUSY compactifications?

➡ New index structures


➡ SUSY


➡ Dualities

for the remainder of this talk
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Shown to contain information 
about all string loop orders [6]

Effective Vertices in 10D 
type IIB action

v0 → 0

Intuition from Superparticle Amplitudes in 11 Dimensions
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Trace over 
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Integral over 
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We compute supergravity amplitudes using a worldline approach parametrised by Schwinger proper time [1], review [2] 

Compactified -point superparticle amplitude in 11D SUGRA on a 2-torus  with  [3-5]P T2 Vol(T2) = v0

Vertex operators 
of 9D M-theory

Degrees of freedom running in the loop are the 9D supergraviton multiplet and KK/winding modes from the  T2
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Similarly for higher-point amplitudes involving the complex 3-form  where at 5-points it is easy to derive





in terms of a new index structure





In the limit , type IIB contact terms from winding contributions .


Question: DOES THIS AGREE WITH SUPERSTRING SCATTERING? 
Comparing to previous results from string amplitudes: decomposing the index structures  and  using the results of [2,3] leads to


    

 

G3

v0𝒜|G3|
2R3 = [t18 − 18tzz̄

18] |G3 |2 R3(C v0 −
f0(τ, τ̄)

v0 ) , v0𝒜G2
3 R3 =

3
2

t18G2
3 R3 f1(τ, τ̄)

v0

t18 G2
3 R3 = Tr( θ Γi1i2i3 θθ Γi4i5i6 θθ Γi7i8 θ … θ Γi15i16 θ ) Gi1i2i3 Gi4i5i6 Ri7i8i9i10

… Ri13i14i15i16

v0 → 0 ∼ fw/ v0

t16 t18

ℒ|G3|
2R3 = f0 {−

1
2

t8t8 |G3 |2 R3 −
7
24

ϵ9ϵ9 |G3 |2 R3 + 2 ⋅ 4!∑
i

di |G3 |2 Q̃i} = − f0 [t18 +
1
3

ϵ9ϵ9] |G3 |2 R3

ℒG2
3 R3 = f1 { 3

4
t8t8G2

3 R3 −
1

16
ϵ9ϵ9G2

3 R3 − 3 ⋅ 4!∑
i

di G2
3 Q̃i} =

3
2

f1 t18G2
3 R3

18

5-point Contact Terms from Superparticles

[1]: Liu, Minasian 1912.10974

[2]: Green et al. hep-th/0506161

[3]: Peeters et al. hep-th/0507178

[4]: Green et al. hep-th/9710151

[5]: Green et al. hep-th/9907155

[6]: Howe, West 1983

[7]: de Haro et al. hep-th/0210080

[8]: Green et al. hep-th/0308061

References

http://www.maths.liv.ac.uk/stringpheno2022/index.html
https://andreasschachner.github.io.
mailto:as2673@cam.ac.uk
https://inspirehep.net/literature/1772304
https://inspirehep.net/literature/685485
https://inspirehep.net/literature/687808
https://inspirehep.net/literature/449976
https://inspirehep.net/literature/504064
https://inspirehep.net/literature/13664
https://inspirehep.net/literature/599300
https://inspirehep.net/literature/625466


String Phenomenology Conference, 8th of July 2022Name: Andreas Schachner Email: as2673@cam.ac.uk

Similarly for higher-point amplitudes involving the complex 3-form  where at 5-points it is easy to derive





in terms of a new index structure





In the limit , type IIB contact terms from winding contributions .


Question: DOES THIS AGREE WITH SUPERSTRING SCATTERING? 
Comparing to previous results from string amplitudes: decomposing the index structures  and  using the results of [2,3] leads to


    

 

G3

v0𝒜|G3|
2R3 = [t18 − 18tzz̄

18] |G3 |2 R3(C v0 −
f0(τ, τ̄)

v0 ) , v0𝒜G2
3 R3 =

3
2

t18G2
3 R3 f1(τ, τ̄)

v0

t18 G2
3 R3 = Tr( θ Γi1i2i3 θθ Γi4i5i6 θθ Γi7i8 θ … θ Γi15i16 θ ) Gi1i2i3 Gi4i5i6 Ri7i8i9i10

… Ri13i14i15i16

v0 → 0 ∼ fw/ v0

t16 t18

ℒ|G3|
2R3 = f0 {−

1
2

t8t8 |G3 |2 R3 −
7
24

ϵ9ϵ9 |G3 |2 R3 + 2 ⋅ 4!∑
i

di |G3 |2 Q̃i} = − f0 [t18 +
1
3

ϵ9ϵ9] |G3 |2 R3

ℒG2
3 R3 = f1 { 3

4
t8t8G2

3 R3 −
1

16
ϵ9ϵ9G2

3 R3 − 3 ⋅ 4!∑
i

di G2
3 Q̃i} =

3
2

f1 t18G2
3 R3

19

5-point Contact Terms from Superparticles

[1]: Liu, Minasian 1912.10974

[2]: Green et al. hep-th/0506161

[3]: Peeters et al. hep-th/0507178

[4]: Green et al. hep-th/9710151

[5]: Green et al. hep-th/9907155

[6]: Howe, West 1983

[7]: de Haro et al. hep-th/0210080

[8]: Green et al. hep-th/0308061

References

Observations 
• No zero winding contribution for  since no 

-violating terms in 11D M-theory [4,5] 

• Microscopic derivation of  modular forms 

 from integrating out KK-modes on the torus!

G2
3 R3

U(1)
SL(2,ℤ)

fw

http://www.maths.liv.ac.uk/stringpheno2022/index.html
https://andreasschachner.github.io.
mailto:as2673@cam.ac.uk
https://inspirehep.net/literature/1772304
https://inspirehep.net/literature/685485
https://inspirehep.net/literature/687808
https://inspirehep.net/literature/449976
https://inspirehep.net/literature/504064
https://inspirehep.net/literature/13664
https://inspirehep.net/literature/599300
https://inspirehep.net/literature/625466


String Phenomenology Conference, 8th of July 2022Name: Andreas Schachner Email: as2673@cam.ac.uk
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Revised five-point effective action

• terms   found in [1] disappear making  the appropriate kinematical representation!
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• non-MUV kinematics receives a piece  from non-linear SUSY [7,8]

∼ Q̃i t18

t18

T(t8, ϵ10)

Observations 
• No zero winding contribution for  since no 

-violating terms in 11D M-theory [4,5] 

• Microscopic derivation of  modular forms 

 from integrating out KK-modes on the torus!

G2
3 R3

U(1)
SL(2,ℤ)

fw

http://www.maths.liv.ac.uk/stringpheno2022/index.html
https://andreasschachner.github.io.
mailto:as2673@cam.ac.uk
https://inspirehep.net/literature/1772304
https://inspirehep.net/literature/685485
https://inspirehep.net/literature/687808
https://inspirehep.net/literature/449976
https://inspirehep.net/literature/504064
https://inspirehep.net/literature/13664
https://inspirehep.net/literature/599300
https://inspirehep.net/literature/625466


String Phenomenology Conference, 8th of July 2022Name: Andreas Schachner Email: as2673@cam.ac.uk

[1]: Nilsson 1981

[2]: Nilsson, Tollsten 1986

[3]: Kallosh 1987

[4]: Howe, West 1983

[5]: Green et al. 1904.13394

[6]: Caron-Huot et al. 1010.5487

[7]: Boels 1204.4208

[8]: Green et al. hep-th/9808061 

Introduce supercharges  with Weyl spinors  of  to define a scalar superfield  with components [4]





where we suppressed indices and 10D -matrices. For instance, one recovers as above





Kinematically, the superfield reproduces the previous results in the MUV sector!
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10D 8-derivative SUGRA actions can 
be constructed from a single scalar 
superfield [1-3], cf. [5] for review.

Using linearised Type IIB superspace and superparticle methods, we derive higher order MUV contact terms as





where the coefficients  are determined from superparticle amplitudes and consistent with SUSY [8,5] since


                        


These results match the 10D superstring amplitudes of [5] (using [6,7]) up to six-points!
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Application 1 — K3 reductions to SUGRA in 6 dimensions

          ℒ(G3, G3, R) = f0 t16 R4 + f0 [T(t8, ϵ10) − t18] |G3 |2 R3 +
3
2 ( f1 t18G2

3 R3 + f−1 t18G 2
3R3 ) T(t8, ϵ10) = 2 t8 t8 −

1
2

ϵ8 ϵ8 −
1
3

ϵ9 ϵ9

We extend results of [Liu, Minasian 1304.3137, 1912.10974] to RR-sector by focussing on factorised pieces:





As required by SUSY [Lin et al. 1508.07305], we verify that the 3-point functions  vanish. In particular, we find the following cancellations


• There is no factorised piece coming from  :





• The kinematics from generalised geometry cancels





• After integrating by parts and using the Bianchi identity (ignoring the dilaton), one arrives at
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−
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3

ϵ9ϵ9 |G3 |2 R3 + 6(t8t8 −
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4

ϵ8ϵ8) |∇G3 |2 R2 = 0
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Application 2 — Calabi-Yau (CY) threefold reductions

ℒ(G3, G3, R) = f0 t16 R4 + f0 [T(t8, ϵ10) − t18] |G3 |2 R3 +
3
2 ( f1 t18G2

3 R3 + f−1 t18G 2
3R3 )

Kinetic terms for -axions 
We also derived 4D kinetic terms, but issues 
remain! At NSNS tree level, we trivially agree 

with [Grimm et al.: 1702.08404].

B2/C2From reducing , we can identify the correction to the Kähler potential [Antoniadis et al. hep-th/9707013]





The 4D F-term scalar potential to order  is given by





where the piece originating from the reduction off 10D 8-derivative terms reads








4D SUSY implies that  flux does not contribute to  at tree level [Becker et al. hep-th/0204254]. 

We find that our results are consistent with the 4D perspective provided (equivalently for  as well as ,  )
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Superstring amplitudes: 
• Can be computed systematically

• Cumbersome to extract contact interactions

• Unintuitive representations for kinematical structures

Superparticle amplitudes: 
• Kinematics encoded in higher-dim. index structures

• Combines NSNS+RR sector

• Explains/derives modular forms

• Captures more than the linearised superfield

Superfield approach: 
• Kinematics encoded in superspace integrals

• Evidence for new non-linear terms

• Supersymmetry manifest

Combination of the three strategies provides framework to efficiently 
extract full 8-derivative effective action!(?)

Outlook 
• 10D dilaton couplings from string amplitudes


• Further tests with lower dimensional SUSY like 4D kinetic terms for -axions


• Non-linear extension of superspace formalism involving  and 

B2/C2

G3 τ

ℒ = f0 t16 R4 + f0 [T(t8, ϵ10) − t18] |G3 |2 R3 +
3
2 ( f1 t18G2

3 R3 + f−1 t18G 2
3R3 )
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