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Type |IB Supergravity and its o' Expansion

The a’ expansion of Type IIB /" = (2,0) SUGRA in 10D reads schematically (g, expansion suppressed)

00 N1 N2 :
g —gtree 4 (,n390) 4 NG No (a’)’ or (') to any order in
s = S+ (@) Sy 24( ) g g, dueto S/ =2 SUSY in 10D
n=
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Type |IB Supergravity and its o' Expansion

The a’ expansion of Type IIB /" = (2,0) SUGRA in 10D reads schematically (g, expansion suppressed)

00 N1 N2 :

g —gtree 4 (,n390) 4 NG No (a’)’ or (') to any order in

s = S+ (@) Sy 24( ) g g, dueto S/ =2 SUSY in 10D
n=

This talk: bulk corrections S1(131; at order (05’)3 corresponding to 8-derivative operators

SO ~ J{R4+R3(G§+ |G3I°+ G5+ F2 4+ (PP + VP + .. )+ RA(IVG; >+ (VF)* + Gf + .. )+ R(GS + ..) + GE + (VGy)* + }

In terms of the fields

l

t=Cy+ie™? |, = V.t , G; = F;—tH
0 2Im(7) ) Im(T)l/z( 3~ TH3)
Action is invariant under SL(2,7) transformations
1/2
at+ b cT+d cT+d
T — . P - P . G3 > G3
ct+d ct+d ct+d

and a local U(1) symmetry with U(1) charge assignments

QU(I)(‘@) =2, QU(I)(G3) =1, QU(1)(8MN) — QU(1)(F5) =0
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Type |IB Supergravity and its o' Expansion

The a’ expansion of Type IIB /" = (2,0) SUGRA in 10D reads schematically (g, expansion suppressed)

00 N1 N2 :
g —gtree 4 (,n390) 4 NG No (a’)’ or (') to any order in
s = S+ (@) Sy 24( ) g g, dueto S/ =2 SUSY in 10D
n=

This talk: bulk corrections S](fl; at order (05’)3 corresponding to 8-derivative operators

SO ~ J{R4+R3(G§+ |G3I°+ G5+ F2 4+ (PP + VP + .. )+ RA(IVG; >+ (VF)* + Gf + .. )+ R(GS + ..) + GE + (VGy)* + }

In terms of the fields

i The full quartic action

t=Cy+ie? , P = Vi, Gy= F,—tH
’ " 2Im(z) " e . | | |
Quartic action completely determined [Policastro 0812.3138, Liu 1912.10974]
Action is invariant under SL(2,7) transformations |
(2.2) B > fi(, %)<t8t8 + geloelo) {R4 +6R>(|[VP|* 4+ |VG;|*) + ... }
at + b cT+d z+d\"”
T > : P - P G; — G,
ct+d ct+d ct+d in terms of the Eisenstein series of weight 3/2 [Green hep-th/9706175]
2
and a local U(1) symmetry with U(1) charge assignments £, 7) = 2¢(3) Im(z)*? + 2% Im(z)~ 2 + @(e—lm(f) )
Qv P =2 , Quiy(G) =1 , Quu@&uw) = Quu(Fs) =0 N— — \\,_.J N— —

Tree 1-loop D-instantons

The kinematics is (mostly) fixed by the notion of index structures 7; and ¢,

as well as related to 12D covariance [Minasian 1506.06756]
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Systematics of higher point functions

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

GIR® , (VPPR® , G2|VG|°R , GiR®> |,
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Systematics of higher point functions

Partial 5- and 6-point results derived in [1-4] where one expects couplings to carry a non-vanishing total U(1) charge
=5 2
GiR> , (VPAPR* , G:|VG;|'R , GR*

Their coefficients are determined by supersymmetry [5] and given by SL(2,7)-covariant modular forms (see e.g. [6])

] Im(z)? at+b ar+b cc+d\" = _
f@D= Y e fw< — ) = < _ ) @D . Quof)==2w . f,=f,
(lAl lAz);é(O 0) (ll + 712)7+W(l1 + 1_'12)7_W CT + d CT + d CT + d

so that schematically

The kinematics for P > 5

FO=f N+ A+ G+ A+ [GIR LR+ |G PR+ )+ GIR + ..+ [, (A)O amplitudes in the effective
action remains largely unfixed.

The terms A!'° of maximal U(1)-charge involving the dilatino A where explicitly derived in [7].
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Systematics of higher point functions

Partial 5- and 6-point results derived in [1-4] where one expects couplings to carry a non-vanishing total U(1) charge
=5 2
GiR> , (VPAPR* , G:|VG;|'R , GR*

Their coefficients are determined by supersymmetry [5] and given by SL(2,7)-covariant modular forms (see e.g. [6])

] Im(z)? at+b ar+b cc+d\" = _
f@D= Y e fw< — ) = < _ ) @D . Quof)==2w . f,=f,
(lAl lAz);é(O 0) (ll + 712)7+W(l1 + 1_'12)7_W CT + d CT + d CT + d

so that schematically

The kinematics for P > 5

FO=f N+ A+ G+ A+ [GIR LR+ |G PR+ )+ GIR + ..+ [, (A)O amplitudes in the effective
action remains largely unfixed.

The terms A!'° of maximal U(1)-charge involving the dilatino A where explicitly derived in [7].

The role of U(1) violation
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Contact terms in &) are best organised by their U(1) charges.

P-point amplitudes carry a maximal U(1) charge [8,6] (derived from 10D superamplitudes [9])

| Quyl £ 2(P—4)

Amplitudes saturating this bound, are called maximally U(1)-violating (MUV) [8,6] and have special properties:
« free of massless poles (“what you see is what you get®),
e uniquely fixed by supersymmetry,

« kinematically determined by a linearised superfield.
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Five-point Kinematics for 3-forms

The 1-loop (tree) amplitudes were computed in [1,2] ([3,4,5]) and the effective action was constructed in [5] (see also [2])

i _
QR(Q_F)“ — afb(T, ’f) t8t8 — 16868 <R4 + 6 | VG3 |2R2 + 2 | G3 |2R3)

_ - 1 o) 7 2 VA ~pol N
Z\6.2r = 0 fo(T,7) _§f8f8|G3| R’ — ﬁ€9€9|G3| R +2-4! 2 d; Gy GL* 0,100

—~ 3 1 v ¢ )i _
L orscc. = afi(T.7) Zt8t8G32R3 - 1—6€9€9G32R3 — 3. 41 2 4G G @, |+cc.

L epooaa =9 2" a Gy A | fi(. 1) X(Q, G3) + f1(7,7) X5(Q, G3) | +c.c.

where we defined

~/ e

= (R dyooondy) = 4( 1, — 021~ — 2.2 _
//ll//LDGC_(R )/“”//1,00{ . ( IERREE, 8)— 9_49 93913Z9_ 9§ , A = 3.212
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Five-point Kinematics for 3-forms

The 1-loop (tree) amplitudes were computed in [1,2] ([3,4,5]) and the effective action was constructed in [5] (see also [2])

1
_ _ 4 2 B2 2 p3
gR(Q+)4 = afo(7, 7) |3t3 — 16868 (R +6[VG;|"R™+2|G3|°R ) Generalised geometry: couplings in

A R(Q,)* Obtained from Riemann tensor

with torsionful connection: €2, = Q *+ H,

_ - 1 o) 7 2 VA ~pol N
Z\6.2r = 0 fo(T,7) _§f8f8|G3| R’ — ﬁ€9€9|G3| R +2-4! 2 d; Gy GL* 0,100

—~ 3 1 v ¢ )i _
L orscc. = afi(T.7) Zt8t8G32R3 - 1—6€9€9G32R3 — 3. 41 2 4G G @, |+cc.

L epooaa =9 2" a Gy A | fi(. 1) X(Q, G3) + f1(7,7) X5(Q, G3) | +c.c.
where we defined

- 1 1 (o)

1 1
i _ 3 — — D
e = R s (dl,...,dg)—4<1,—4,0,3,1,4, 2,8> L a=—s
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Five-point Kinematics for 3-forms

The 1-loop (tree) amplitudes were computed in [1,2] ([3,4,5]) and the effective action was constructed in [5] (see also [2])

Zr@,y = afo(7,7)

o
s — €56 (R*+6|VG;|”R*+2|G;|*R?)

|3 1 e
Zcirivc.c. = afi(7,7) _Zt8t8G32R3 — 1—6€9€9G32R3 —3-4! 2 d; G!"* G O

L epooaa =9 2" a Gy A | fi(. 1) X(Q, G3) + f1(7,7) X5(Q, G3) | +c.c.

where we defined

~/ e

3

o : o
L6, prs = fo(® B | = tsts | G PR = —reocy | G3 PR + 2 4) Y 4.6 G )

i
UVAPGE

l ; 1 1 1 1 ()’
wipe = B ipoc () =8 L =g b lge =2y )0 o=

l

UVAPGE

+cC.C.

Generalised geometry: couplings in

A R(Q,)* Obtained from Riemann tensor

with torsionful connection: €2, = Q *+ H,

The presence of CP-odd couplings has
been established in both type IIA [6,7]

(odd in B,) and type 1B [8,5] (even in B,).
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Five-point Kinematics for 3-forms

The 1-loop (tree) amplitudes were computed in [1,2] ([3,4,5]) and the effective action was constructed in [5] (see also [2])

1
_ _ 4 2 B2 2 p3
gR(Q+)4 = afo(7, 7) |3t3 — Z€8€8 (R +6[VG;|"R™+2|G3|°R ) Generalised geometry: couplings in

A R(Q,)* Obtained from Riemann tensor

with torsionful connection: €2, = Q *+ H,

_ _ 1 2 7 2 UA vpolC NI
Z\6.2r = 0 fo(T,7) _§f8f8|G3| R’ — ﬁ€9€9|G3| R +2-4! 2 d; Gy GL* 0,100

- 3 1 1% oG M)l _
L orscc. = afi(T.7) Zt8t8G32R3 - 1—6€9€9G32R3 — 3. 41 2 4G G @, |+cc.

The presence of CP-odd couplings has

L pepdd =9 24« G; A [ﬁ)(T, 7) X5(Q, G;) + fi(7,7) X,(Q, G3) ] +c.c. been established in both type IIA [6,7]

in B type IIB in B,).
where we defined (odd in B,) and type IIB [8,5] (even in B))

S, - 1 1 1 1
wipet = Ruspoc - (dyndg) =41, = 20212 =22 )
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Guiding Questions Ei{eJ@ R T ale (1) g TR =11

2. How are the relative coefficients determined? = SUSY [5]: Liu, Minasian 1912.10974

[6]: Vafa et al. hep-th/9505053
[7]: Duff et al. hep-th/9506126
[8]: Liu, Minasian 1304.3137

3. Are results consistent with SUSY compactifications? = Dualities
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Intuition from Superparticle Amplitudes in 11 Dimensions

We compute supergravity amplitudes using a worldline approach parametrised by Schwinger proper time [1], review [2]

Famously: this string-inspired

Compactified P-point superparticle amplitude in 11D SUGRA on a 2-torus T2 with Vol(Tz) = v, [3-5] formalism has appeared as an
efficient way to compute 1-loop
Integral over Trace over Vertex operators QCD Scattering amp”tudes [7]
non-compact momenta fermion operators of 9D M—theory
I fdef 9 . .—tp* —tg Ll = (' (r) £(r) — 0 Effective Vertices in 10D
ol p(h, Cs) = dpe=? Y e Trg ([ ]| de” Vi(h, Gyt —

vol t . type IIB action

ll,lz I’=1 : O
Sum of KK/winding  Integration over insertion L :

charges along T points on the worldline Shown to contain information

about all string loop orders [6]
Degrees of freedom running in the loop are the 9D supergraviton multiplet and KK/winding modes from the T?

References

[1]: Strassler hep-ph/9205205

[2]: Schubert hep-th/0101036

[3]: Green et al. hep-th/9706175

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

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

[6]: Russo, Tseytlin: hep-th/9707134

[7]: Bern, Kosower PRL 66, NPB 362 (1991)
[8]: Gross, Witten NPB 277 (1986)

[9]: Sakai, Tanii NBP 287 (1987)

[10]: Sen 2104.11109, 2104.15110

' Name: Andreas Schachner Email: as2673@cam.ac.uk 15 String Phenomenology Conference, 8th of July 2022 '



http://www.maths.liv.ac.uk/stringpheno2022/index.html
https://andreasschachner.github.io.
mailto:as2673@cam.ac.uk
https://inspirehep.net/literature/332788
https://inspirehep.net/literature/551914
https://inspirehep.net/literature/444768
https://inspirehep.net/literature/449976
https://inspirehep.net/literature/504064
https://inspirehep.net/literature/445633
https://inspirehep.net/literature/300298
https://inspirehep.net/literature/227371
https://inspirehep.net/literature/235054
https://inspirehep.net/literature/1859985
https://inspirehep.net/literature/1861595

Intuition from Superparticle Amplitudes in 11 Dimensions

We compute supergravity amplitudes using a worldline approach parametrised by Schwinger proper time [1], review [2]
Famously: this string-inspired

Compactified P-point superparticle amplitude in 11D SUGRA on a 2-torus 72 with Vol(T?) = Vv, [3-5] formalism has appeared as an
efficient way to compute 1-loop
Integral over Trace over Vertex operators QCD scattering amplitudes [7]

non-compact momenta fermion operators of 9D M—theory

1 [dr| a Ay vy — 0 . o
A p(h, Cy) = d’p o1 P’ Z o181, Tr, < H di vV (h, C;; t(i’))>0_> Effective Vertices in 10D

va | type |IB action
O ll,lz I’=1 - O
Sum of Kiwinding  Integration over insertion Shown to contain information
charges along T points on the worldline

about all string loop orders [6]
Degrees of freedom running in the loop are the 9D supergraviton multiplet and KK/winding modes from the T?

Example: 4 graviton amplitude [3]

Kinematics from trace over fermion zero modes

- . References
Kp:=Tr(OT20 ... 5160 R

[1]: Strassler hep-ph/9205205

[2]: Schubert hep-th/0101036

[3]: Green et al. hep-th/9706175
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[5]: Green et al. hep-th/9907155

[6]: Russo, Tseytlin: hep-th/9707134

[7]: Bern, Kosower PRL 66, NPB 362 (1991)
[8]: Gross, Witten NPB 277 (1986)

[9]: Sakai, Tanii NBP 287 (1987)
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= 116 R

Liglaly °°° “l13li4ly5le

Z Im(r)%

ﬁ
Qo0 Q1+ 72 (1 + 7)™
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Intuition from Superparticle Amplitudes in 11 Dimensions

We compute supergravity amplitudes using a worldline approach parametrised by Schwinger proper time [1], review [2]

Compactified P-point superparticle amplitude in 11D SUGRA on a 2-torus 72 with Vol(7?) = Vv, [3-5]

Integral over
non-compact momenta

Vertex operators
of 9D M-theory

Trace over
fermion operators

1
A p(h, Cy) =
VoJ T

ll,lz I’=1 ° O
Sum of KK/winding

charges along T

Integration over insertion
points on the worldline

Degrees of freedom running in the loop are the 9D supergraviton multiplet and KK/winding modes from the T?

Example: 4 graviton amplitude [3]

Kinematics from trace over fermion zero modes

Koo =Tr(OT20 ... 056 9) R = t;c R*

higlaly *°° " h3liglisle

Takeaway messages:

1. One amplitude agrees with 4-point
string scattering at
e tree level [8],
* 1-loop [9],
 D-instanton level [10].
2. Kinematics from higher-dim. tensors
3. Modular forms from torus winding

Z Im(r)%

ﬁ
Qo0 Q1+ 72 (1 + 7)™

Famously: this string-inspired
formalism has appeared as an

efficient way to compute 1-loop
QCD scattering amplitudes [7]

- . P ot
dr d9p e~ ! p° Z e—tg“b LI TI'S H dt(r) V,,(h, C3; t(r)) Yo 0 . Effective Vertlce§ in 10D
type |IB action

Shown to contain information
about all string loop orders [6]
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5-point Contact Terms from Superparticles

Similarly for higher-point amplitudes involving the complex 3-form G5 where at 5-points it is easy to derive
Jo(z,7) f1(7,7)
v Vo v/ Vo

_ z2Z 2 p3 _ 3 2p3
VOQ[|G3|2R3 — [t18 — 18t18] | G3| R CV() — . VOQ%GSZR:S — 5t18G3R

in terms of a new index structure

te GZR?> =Tr(OT125 09 T4 9O T 60 ... OT5460)G. .. G. .. R
18 -3 I4isle

L1l l7lglol1p " " T l13l14li5l16

In the limit v — 0, type 1IB contact terms from winding contributions wa/w /Vo-
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5-point Contact Terms from Superparticles

Similarly for higher-point amplitudes involving the complex 3-form G5 where at 5-points it is easy to derive

> f (Ta %) f (T, ’f) ]
VO‘Q[|G3|2R3 — [t18 — lgtfg] | G3 |2R3 (CV() — 0 > . VOQ%G%R:S — 18G32 31 > Obsel‘vatlons
f V.Y V.o « No zero winding contribution for G32 R? since no
In terms of a new index structure
L . - - U(1)-violating terms in 11D M-theory [4,5]

g GE R = (T 09 T 9O T 0 ... OT560) G, ;. G,ii Ry Wy

=30 hialy —lalsts ~ rigiolio T T hshatistie « Microscopic derivation of SL.(2,Z7) modular forms
In the limit vy, — 0, type IIB contact terms from winding contributions wa/w V- f,, from integrating out KK-modes on the torus!
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5-point Contact Terms from Superparticles

Similarly for higher-point amplitudes involving the complex 3-form G5 where at 5-points it is easy to derive

Jo(z,7) Ni(z,7)

/%

Observations

_ z2Z 2 p3 _ 3 2p3
VOQ[|G3|2R3 — [t18 — 18t18] | G3| R CV() — . VOQ%GSZR:S — 5t18G3R

v/ Vo
_ « No zero winding contribution for G32 R’ since no
iIn terms of a new index structure

te GZR?> =Tr(OT125 09 T4 9O T 60 ... OT5460)G. .. G. .. R
18 -3 I4isle

I

U(1)-violating terms in 11D M-theory [4,5]
Ftstohio " Tihstiahishis « Microscopic derivation of SL(2,7) modular forms

In the limit vy, — 0, type IIB contact terms from winding contributions wa/, V- f., from integrating out KK-modes on the torus!

Question: DOES THIS AGREE WITH SUPERSTRING SCATTERING?
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5-point Contact Terms from Superparticles

Similarly for higher-point amplitudes involving the complex 3-form G5 where at 5-points it is easy to derive
Jo(z,7) f1(7,7)
v Vo v/ Vo

Observations

_ z2Z 2 p3 _ 3 2p3
VOQ[|G3|2R3 — [t18 — 18t18] | G3| R CV() — . VOQ%GSZR:S — 5t18G3R

« No zero winding contribution for G32 R? since no

in terms of a new index structure

te GZR? = Tr(OTh23 09 T4 9O T5 0 ... 0T 0)G. .. G
18 ~3 L1l

I4lsle = "l7lglolig " "7 T hi3lialishie

U(1)-violating terms in 11D M-theory [4,5]
e Microscopic derivation of SL.(2,7) modular forms

In the limit vy, — 0, type IIB contact terms from winding contributions wa/, V- f., from integrating out KK-modes on the torus!

Question: DOES THIS AGREE WITH SUPERSTRING SCATTERING?

Comparing to previous results from string amplitudes: decomposing the index structure 7,4 using the results of [2,3] leads to

1 7 - . i 1 ]
L\62r = o {—5r8r8|63|2R3 — 57696 | Gs "R +2- 41y di|63|2Ql} = —fo |his +5 06| 1G5 R?

3 1 B 3
3G§R3 :fl {Zt8t8G32R3 — 1_6€9€9G32R3 —3.4! Z di G32 Ql} — 5 fl 118G32R3
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5-point Contact Terms from Superparticles

Similarly for higher-point amplitudes involving the complex 3-form G5 where at 5-points it is easy to derive
Jo(z,7) f1(7,7)
VAL v/ Vo

_ z2Z 2 p3 _ 3 2p3
VOQ[|G3|2R3 — [t18 — 18t18] | G3| R CV() — . VOQ%G%R:S — 5t18G3R

in terms of a new index structure

te GZR? = Tr(OTh23 09 T4 9O T5 0 ... 0T 0)G. .. G
18 ~3 L1l

lylsle = “lylglolip ° ° 7 T 113141506

Observations

« No zero winding contribution for G32 R? since no

U(1)-violating terms in 11D M-theory [4,5]

e Microscopic derivation of SL.(2,7) modular forms

In the limit vy, — 0, type IIB contact terms from winding contributions wa/, V- f., from integrating out KK-modes on the torus!

Question: DOES THIS AGREE WITH SUPERSTRING SCATTERING?

Comparing to previous results from string amplitudes: decomposing the index structure 7,4 using the results of [2,3] leads to

1 7 - . i 1 ]
L\62r = o {—5r8r8|63|2R3 — 57696 | Gs "R +2- 41y di|63|2Ql} = —fo |his +5 06| 1G5 R?

3 1 - 3
Lo =1 {Zz8t8G§R3 —~ 1—6€9€9G32R3 — 3.4 Z d; G} Q’} = fi1;sG:R’

Revised five-point effective action

P = R* T — G:|*R3 > G2R3 G2R3 T ) 1 _ 1
= folie "‘fo[ (73, €10) t18]| 3] +2<f1t18 R+ [ 113G5 ) (73, €19) = 2151 26868 36969

e terms ~ Qi found in [1] disappear making ?,g the appropriate kinematical representation!

« MUV kinematics completely specified by 7,4 as expected from linearised superfield [6]

 non-MUV kinematics receives a piece T(%, €;) from non-linear SUSY [7,8]
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Superstrings, Superparticles and ... SUPERFIELDS

_ 3
F(Gs,G3,R) = fyt1 R* + £y [T(tg, €10) — t15] | G5 °R® +

(fitisG3R + 1 115G 3R’ )

2
Introduce supercharges ©® = 60, + i6), with Weyl spinors 0, , 6, of Spin(1,9) to define a scalar superfield @(x, ©) with components [4]
8
O = Z QPN =7+ OA+OG, + Oy +...) + O R+ VFs+ F2+ | G3|*) + ... + O3( V47 + ...)

r=0
where we suppressed indices and 10D I -matrices. For instance, one recovers as above

l l2l3 lllzi3i4

Jdmx d'°@ e @* > de@ (@I 0G,,.)” (@' e)Or+  O)R;, ;) = Gk’

Kinematically, the superfield reproduces the previous results in the MUYV sector!
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Superstrings, Superparticles and ... SUPERFIELDS

_ 3 _
F(Gs,G3,R) = fyt1 R* + £y [T(tg, €10) — t15] | G5 °R® + > (fit13G5R° + 11 113G3R7)

Introduce supercharges ©® = 60, + i6), with Weyl spinors 0, , 6, of Spin(1,9) to define a scalar superfield @(x, ©) with components [4]

8
O = Z QPN =7+ OA+OG, + Oy +...) + O R+ VFs+ F2+ | G3|*) + ... + O3( V47 + ...)
r=0
where we suppressed indices and 10D I -matrices. For instance, one recovers as above

10 116 4 16 oy 2 o . 3 . 10D 8-derivative SUGRA actions can
(D I‘lll I‘ll I‘ll R
.[d o . Jd © (® 250 Gi1i2i3> <(® 2 0)(0I,6) i1i2i3i4> = 113G R be constructed from a single scalar

superfield [1-3], cf. [5] for review.
Kinematically, the superfield reproduces the previous results in the MUYV sector!
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Superstrings, Superparticles and ... SUPERFIELDS

_ 3 _
F(Gs,G3,R) = fyt1 R* + £y [T(tg, €10) — t15] | G5 °R® + > (fit13G5R° + 11 113G3R7)

Introduce supercharges ©® = 60, + i6), with Weyl spinors 0, , 6, of Spin(1,9) to define a scalar superfield @(x, ©) with components [4]

8
O = Z QPN =7+ OA+OG, + Oy +...) + O R+ VFs+ F2+ | G3|*) + ... + O3( V47 + ...)
r=0
where we suppressed indices and 10D I -matrices. For instance, one recovers as above

10 116 4 16 oy 2 o . 3 . 10D 8-derivative SUGRA actions can
(D I‘lll I‘ll I‘ll R
.[d o . Jd © (® 250 Gi1i2i3> <(® 2 0)(0I,6) i1i2i3i4> = 113G R be constructed from a single scalar

superfield [1-3], cf. [5] for review.
Kinematically, the superfield reproduces the previous results in the MUYV sector!

The effective action for MUV contact terms

Using linearised Type |IB superspace and superparticle methods, we derive higher order MUV contact terms as
, ; References

4
FMUV(G;, G5, R) = Z ¢y [T, T) o400 G5 R+ c.C. c, = —— F(— + w> [1]: Nilsson 1981
w=0 \/7_T 2 [2]: Nilsson, Tollsten 1986
[3]: Kallosh 1987
[4]: Howe, West 1983

" . 0 W 342w [5]: Green et al. 1904.13394
Colw =2"Dy_1 - Do So Dyt =1 ng — i |fy = A Jw+1 [6]: Caron-Huot et al. 1010.5487

2
[7]: Boels 1204.4208
These results match the 10D superstring amplitudes of [5] (using [6,7]) up to six-points! [8]: Green et al. hep-th/9808061

where the coefficients ¢, are determined from superparticle amplitudes and consistent with SUSY [8,5] since
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Application 1 — K3 reductions to SUGRA in 6 dimensions

1 1

_ 3 _

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

J G32R3:>G32R[ R?
K3 K3

As required by SUSY [Lin et al. 1508.07305], we verify that the 3-point functions | G, |2 R, G32 R vanish.
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Application 1 — K3 reductions to SUGRA in 6 dimensions

_ | 1

B 3
Z(G;, G5, R) = fit;¢ R* + fo [T(tg, €10) — 118] | G5 |2R3 + >

We extend results of [Liu, Minasian 1304.3137, 1912.10974] to RR-sector by focussing on factorised pieces:
J G2R* 5 G2R [ R?
K3 K3

As required by SUSY [Lin et al. 1508.07305], we verify that the 3-point functions | G, |2 R, G32 R vanish. In particular, we find the following cancellations

 There is no factorised piece coming from #,g :
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Application 1 — K3 reductions to SUGRA in 6 dimensions

_ | 1

B 3
Z(G;, G5, R) = fit;¢ R* + fo [T(tg, €10) — 118] | G5 |2R3 + >

We extend results of [Liu, Minasian 1304.3137, 1912.10974] to RR-sector by focussing on factorised pieces:
J G2R* 5 G2R [ R?
K3 K3

As required by SUSY [Lin et al. 1508.07305], we verify that the 3-point functions | G, |2 R, G32 R vanish. In particular, we find the following cancellations

 There is no factorised piece coming from #,g :
2 p3 _ 2p3 — 4 2R3 —
hs | G3|"R° =113 G3R = 113, G3R™ = 0

 The kinematics from generalised geometry cancels
1 > 3

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

—§€9€9| 1R+ tgtg—zegeg IVG;|"R“ =0
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Application 1 — K3 reductions to SUGRA in 6 dimensions

_ | 1

B 3
Z(G;, G5, R) = fit;¢ R* + fo [T(tg, €10) — 118] | G5 |2R3 + >

We extend results of [Liu, Minasian 1304.3137, 1912.10974] to RR-sector by focussing on factorised pieces:
J G2R* 5 G2R [ R?
K3 K3

As required by SUSY [Lin et al. 1508.07305], we verify that the 3-point functions | G, |2 R, G32 R vanish. In particular, we find the following cancellations

 There is no factorised piece coming from #,g :
2 p3 _ 2p3 — 4 2R3 —
hs | G3|"R° =113 G3R = 113, G3R™ = 0

 The kinematics from generalised geometry cancels
1 > 3

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

—§€9€9| 1R+ tgtg—zegeg IVG;|"R“ =0

This analysis tests the coefficients of odd-odd sector couplings like €469 and €46y

to which the Calabi-Yau threefold analysis (at 2-derivatives) is insensitive to!
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Application 2 — Calabi-Yau (CY) threefold reductions

_ 3
F(Gs,G3,R) = fyt1 R* + £y [T(tg, €10) — t15] | G5 °R® +

) <f1 t18G32R3 +/4 tlSC_;%R3 )

From reducing fo P R4, we can identify the correction to the Kahler potential [Antoniadis et al. hep-th/9707013]

C _ X(X3) . _ _ J _ |
K=K 2log| 7" + y fo(z, 7)] = ek K% = —log[—i(t—7)] —log| —i| QAQ
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Application 2 — Calabi-Yau (CY) threefold reductions

_ 3 _
F(Gs,G3,R) = fyt1 R* + £y [T(tg, €10) — t15] | G5 °R® + > (fit13G5R° + 11 113G3R7)

From reducing f ;¢ R*, we can identify the correction to the Kahler potential [Antoniadis et al. hep-th/9707013] Kinetic terms for B,/(),-axions
i _ We also derived 4D kinetic terms, but issues
0 C . x(X3) 0 o . - . y
K=K9 -2log| 7 += fo(z,7) = — , K9 =_log[-i(z—7)] —log| —i| QAQ remain! At NSNS tree level, we trivially agree
4 2(2m)? X, with [Grimm et al.: 1702.08404].
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Application 2 — Calabi-Yau (CY) threefold reductions

_ 3 _
F(Gs,G3,R) = fyt1 R* + £y [T(tg, €10) — t15] | G5 °R® + > (fit13G5R° + 11 113G3R7)

From reducing f ;¢ R*, we can identify the correction to the Kahler potential [Antoniadis et al. hep-th/9707013] Kinetic terms for B,/(),-axions
i _ We also derived 4D kinetic terms, but issues
0 C . x(X3) 0 o . - . y
K=K9 -2log| 7 += fo(z,7) = — , K9 =_log[-i(z—7)] —log| —i| QAQ remain! At NSNS tree level, we trivially agree
4 2(2m)? X, _ with [Grimm et al.: 1702.08404].

The 4D F-term scalar potential to order (')’ is given by

o v
V= K (K*BD,WDgW —3|W|?) , W= |m(7)[ GAQ , Vi=—Z L @BV 4 ...

52
X3
where the piece originating from the reduction off 10D 8-derivative terms reads
R P P— I o
Ve=—o5 |[H(IWF=G=D?IDWI )+ =D (L, WD.W - LWDW)
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Application 2 — Calabi-Yau (CY) threefold reductions

_ 3 _
F(Gs,G3,R) = fyt1 R* + £y [T(tg, €10) — t15] | G5 °R® + > (fit13G5R° + 11 113G3R7)

From reducing f, #;¢ R*, we can identify the correction to the Kahler potential [Antoniadis et al. hep-th/9707013] Kinetic terms for B,/C,-axions
5 - We also derived 4D kinetic terms, but issues
0 G _ x(X3) 0 L . _ . .
K=K9 -2log| 7 += fo(z,7) (= — ., KO =_log[-i(r—7)] —log| —i| QAQ remain! At NSNS tree level, we trivially agree
4 2(2m)? X, with [Grimm et al.: 1702.08404].
The 4D F-term scalar potential to order (')’ is given by
_ V
Vi = eX (KABD,WDgW -3 |W|*) , W= |m(7)[ GAQ , V= ;‘;X @)YV
X3
where the piece originating from the reduction off 10D 8-derivative terms reads
i a
3¢ek” f(5.7) = ag + ——— + O(e ™)

Ve=—m _f0<|W|2_(T—%)2|DTW|2)-|—(T—’I')(f_IWDTW—leW/)_ /\ 1 — 4w 2
| 1 ap=23) Im(0)*”? 7

(:eK(O) 1 _ o a; = 3 Im(7)~ 12
=5 (_Z) (—6aT—2aL)e_2¢[ H3/\Q[ H3/\Q+(—4aL)J F3AQJ FyANQ + ... —— N —r
! X; X, X3 X5 i Tree 1-loop

4D SUSY implies that /5 flux does not contribute to VC at tree level [Becker et al. hep-th/0204254].

' Name: Andreas Schachner Email: as2673@cam.ac.uk 33 String Phenomenology Conference, 8th of July 2022 '



http://www.maths.liv.ac.uk/stringpheno2022/index.html
https://andreasschachner.github.io.
mailto:as2673@cam.ac.uk
https://inspirehep.net/literature/1515242
https://inspirehep.net/literature/445089
https://inspirehep.net/literature/586156

Application 2 — Calabi-Yau (CY) threefold reductions

B 3
Z(G;, G5, R) = t16R4 + fo [T(tg, €10) — 118] | G5 |2R3 + >

From reducing f, #;¢ R*, we can identify the correction to the Kahler potential [Antoniadis et al. hep-th/9707013] Kinetic terms for B,/C,-axions
' . We also derived 4D kinetic terms, but issues
0 C x(X3) 0 . . - . y
K=KO0®O_»9 log| 7" + = fy(z,7) (= — ] KO — _ log[—i(t — 7)] — log| —1i QOAO remain! At NSNS tree level, we trivially agree
4 2(2m)? X, _ with [Grimm et al.: 1702.08404].

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

: — V]
Vi = eX (KAED,WD,W -3|W[*) , W=1/im( [ G;AQ , Vp= ;‘;X F(a)Y VO +
X3

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

3ceK” |

_ a
V=g [ (IWF = @= 22 IDW)+ =2 (£, WDW = WD) v - :
: ap = 2£(3) Im(z)*” =

CeK(O) 1\ | _ o a; = 3 Im(7)~ 12
=5 (_Z) (—6aT—2aL)e_2¢[ H3/\Q[ H3/\Q+(—4aL)J F3/\QJ FyANQ + ... —— N —r
i X; X; X; X; i Tree 1-loop

4D SUSY implies that /5 flux does not contribute to VC at tree level [Becker et al. hep-th/0204254].
We find that our results are consistent with the 4D perspective provided (equivalently for H32R3 as well as | G, |2R3, G32R3 )

Here, 0, is a potential backreaction effect entering in the MUV sector. Apart from that, only the MUV kinematics 7, is relevant to determine VC !
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Superstring amplitudes:

* (Can be computed systematically

e Cumbersome to extract contact interactions

* Unintuitive representations for kinematical structures

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

3
FL =fotie R + 1 [Tt €10) — 15| | G5 "R +

Superparticle amplitudes:

Kinematics encoded in higher-dim. index structures
Combines NSNS+RR sector

Explains/derives modular forms

Captures more than the linearised superfield

* 10D dilaton couplings from string amplitudes

Outlook

Superfield approach:

(fi 13G3R® +f_ 1 13G3R’ )

* Kinematics encoded in superspace integrals

e Evidence for new non-linear terms

e Supersymmetry manifest

e Further tests with lower dimensional SUSY like 4D kinetic terms for B,/C,-axions

 Non-linear extension of superspace formalism involving G5 and 7
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