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Motivation

@ Gaugino condensates in supergravity theories [Dine,Rohm,Seiberg,Witten] .
Action structure because of SUSY: (Heterotic, Type |, (4D) EFTs...)

SD/(F—)\A)z

Ander Retolaza Branes, Fermions, & Superspace Dualities



Motivation

@ Gaugino condensates in supergravity theories [Dine,Rohm,Seiberg,Witten] .
Action structure because of SUSY: (Heterotic, Type |, (4D) EFTs...)

SD/(F—)\A)z

@ What if gaugino lives in hypersurface of codim # 0? [Horava,Witten] and
brought to KKLT context in [Hamada,Hebecker,Shiu,Soler]

5o /(F2 _ 200 F)5 +229)

where (AX F) is a coupling on brane worldvolume
o Lead to speculation about ®(\*) terms on brane actions

Today: approach to obtain fermion couplings on branes from first principles
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Branes and fermions in superspace formulation |

@ [Bergshoeff,Sezgin, Townsend] In superspace formulation of supergravity:
M2-brane action obtained by considering it is a 3D hypersurface in
(11/32) superspace  (ZM = (x™,6*) m=0,1,..,10& p=1,...,32)

Suyo = — T / d®¢ /= det (P[G(2)]) + pmz / P[As(2)]
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Branes and fermions in superspace formulation |

@ [Bergshoeff,Sezgin, Townsend] In superspace formulation of supergravity:
M2-brane action obtained by considering it is a 3D hypersurface in
(11/32) superspace  (ZM = (x™,6*) m=0,1,..,10& p=1,...,32)

Suyo = — T / d®¢ /= det (P[G(2)]) + pmz / P[As(2)]

@ Same for any other brane, it lives in (10]32) superspace

st:_TDp/dp+1<\/ det P[G+B]+F +MDP/ [Zcqe B:| 7F
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Branes and fermions in superspace formulation Il

Consider a brane-only solution for simplicity

Bulk: 1/2 supercharges (Q. « =1, ..,32) spontaneoulsy broken

Brane worldvolume: S(Z) built as product of off-shell superfields: it is a
superfield and it has a @ expansion up to order ()%
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Branes and fermions in superspace formulation Il

Consider a brane-only solution for simplicity
Bulk: 1/2 supercharges (Q. « =1, ..,32) spontaneoulsy broken
Brane worldvolume: S(Z) built as product of off-shell superfields: it is a
superfield and it has a @ expansion up to order ()%

@ Bulk on-shell: 1/2 of 8§ = Goldstinos = fermions on brane

e Fermions on brane action < superfield 6 expansions
@ The other half are redundancies: x-symmetry
[Bergshoeff,Sezgin,Townsend] (for M2-case, but it's general)

y 06X =0
5.2 (at 6=0) = 1 , 5.8=0
0.0 = 5(1 + ng(Dp))K
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Branes and fermions in superspace formulation Il

Consider a brane-only solution for simplicity
Bulk: 1/2 supercharges (Q. « =1, ..,32) spontaneoulsy broken
Brane worldvolume: S(Z) built as product of off-shell superfields: it is a
superfield and it has a @ expansion up to order ()%
@ Bulk on-shell: 1/2 of 8§ = Goldstinos = fermions on brane
e Fermions on brane action < superfield 6 expansions

@ The other half are redundancies: x-symmetry
[Bergshoeff,Sezgin,Townsend] (for M2-case, but it's general)

y 0xx =0
5.2M (at 0=0) = 1 . 6.8=0
00 = 5(1 + ng(Dp))K

@ Extends to all Dp-brane only backgrounds
@ And also to all general backgrounds including branes
@ To compute brane fermion couplings: 6 expansions of superfields
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0 expansion of superfields & superspace dualities

We want superfield #-expansions in M-theory, and Type Il supergravities, but
getting them is not easy...

Strategy: obtain superfields in 11D SUGRA (less fields, less computations,
more clean, and easier to capture any structure),
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0 expansion of superfields & superspace dualities

We want superfield #-expansions in M-theory, and Type Il supergravities, but
getting them is not easy...

Strategy: obtain superfields in 11D SUGRA (less fields, less computations,
more clean, and easier to capture any structure), then use

Superspace Generalization of Duality web

type IIB
S-duality Ql:lm/

orientifold type IIA
type I
compactify
M on St
S-duality
11d SUGRA
het-SO(32) \ Compa(‘tlfy
T-duality
het-Eg x Eg
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Superfields in 11D SUGRA

Goal: ¢ expansion of Sy2(Z) : Gun(Z) and Aune(Z)
We use normal coordinate method (bosonic background & d.¢¥m = Dne)
[Alvarez-Gaume,Freedmann,Mukhi; McArthur; Atick,Dhar; Grisaru,Knutt; Tsimpis; .. .]

Gmn(Z) = Gmn — (0T (mDr)0)
3i,-
Arp(Z) = Ammp — E(er[mnDple)
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Superfields in 11D SUGRA

Goal: ¢ expansion of Sy2(Z) : Gun(Z) and Aune(Z)
We use normal coordinate method (bosonic background & d.¢¥m = Dne)
[Alvarez-Gaume,Freedmann,Mukhi; McArthur; Atick,Dhar; Grisaru,Knutt; Tsimpis; .. .]

1

Gmn(Z) = Gmn— i(OT (mDn)0) — 4(9|'a mb)(07?D,0)
112(9F o To 7"0) (OH | nyorgn?) + 112(0F 2°0)(GW)nypet) +

Ano(2) = Ao~ 3 (BT mDat) ~ 3 (0T tnDr0)@T*Dyt)

+%(§r[mnﬁb TGN GH® | pyargnd) + %(ér[mnr“e)(éwplbcm +...
where  Hugn = T°HognDm — 65T arehe[Dp, Do

Wite =  Z09HiyponDin + %r,efnegeg[op, D, + %rbeg[om, Dy

sdon 5;6 (roor®e” — 8l Ty — 125{05,ro")

T _ 2:38(r pogh _ 126[cdrfgh])

Complications appear at order (6)*...
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Superspace dimensional reduction: idea
M2-brane lives in (11|32) superspace, D2 brane in (10|32) superspace

Superspace compactification relates them
@ S (bosonic) compactification Ansatz in superspace

—20/3 20 40/3
A e Gnn + e°CpC e’ C A A
G = < ( eTg/scn mCn) e4a>/3m> s Amp=Cmmp , Amn1o=Bmn
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Superspace dimensional reduction: idea
M2-brane lives in (11|32) superspace, D2 brane in (10|32) superspace

Superspace compactification relates them
@ S (bosonic) compactification Ansatz in superspace

—20/3 20 40/3
A e Gnn + e°CpC e’ C A A
G = < ( eTg/scn mCn) e4a>/3m> s Amp=Cmmp , Amn1o=Bmn

@ To obtain fermion couplings on D2-brane we need dimensional reduction
Ansatz of fermions & SUSY operators
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Superspace dimensional reduction: an example

The dilaton superfield using the previous approach

Giow = &%= e r®r./3
~ N A ~ 4 (2)
Gio 10 — 10T 19D1g0 + ... = e4">/3 <1 + p?—l—)

Dimensional reduction of 11D supercovariant derivative requires dim
reduction of 11D gravitino ( 6.\ = Ac)

. o . R
B = %F*A . Fro=€25r, |, f=e "% =e %0, +0.)

So ) )
@_—Is _s_15
P = A0 = d=¢ 49A0+...
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Fermion couplings on the D2-brane

So the D2-brane action is

Spe = _/d3¢ e—“’\/— det(g; + Bj + f;) + /(c3 —C1 A(Ba+£))

where
& = $—Lano+ ..
4
g; = g;,—ier(,Dj)9+...
Bj = Bj—i0lr.ryDy0+ ...
. 1
C = C-gze ¢0F*(D,-75F,-A>0+...
3i - 1 o
Ckx = Cu—3e ‘f’e(r[,-j-Dk]féF,,kA)H73/C[,-0F*F1Dk]0+...

@ Full agreement with [Marolf,Martucci,Silva] at order (§)2
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Fermion couplings on the D2-brane

So the D2-brane action is

Spe = _/d3¢ e—“’\/— det(g; + Bj + f;) + /(c3 —C1 A(Ba+£))

where
& = $—Lano+ ..
4
g; = g;,—ier(,Dj)9+...
Bj = Bj—i0lr.ryDy0+ ...
. 1
C = C-gze ¢0F*(D,-75F,-A>0+...
3i - 1 o
Ckx = Cu—3e ‘f’e(r[,-j-Dk]féF,,kA)H73/C[,-0F*F1Dk]0+...

@ Full agreement with [Marolf,Martucci,Silva] at order (§)2

@ Approach works at all orders and we computed (9)* terms (huge
formulae)

Ander Retolaza Branes, Fermions, & Superspace Dualities



Superspace T-duality: idea

Dp-brane lives in certain (10|32) superspace, D(p & 1) brane in a related
(10]32) superspace
Superspace T-duality relates these superspaces
Approach is like in dim reduction:
@ Promote (bosonic) T-duality relations to superfield level
@ Taylor expand and identify terms order by order
@ Use T-duality rules for fermions & SUSY operators  [Hassan]
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Superspace T-duality: idea
Dp-brane lives in certain (10|32) superspace, D(p & 1) brane in a related
(10]32) superspace
Superspace T-duality relates these superspaces
Approach is like in dim reduction:
@ Promote (bosonic) T-duality relations to superfield level

@ Taylor expand and identify terms order by order
@ Use T-duality rules for fermions & SUSY operators  [Hassan]

Goo= o . =0 ) Gy — _20m g, —  CGom
Goo = Gos b=0 5 log(Ggo) , Gom = Gy By, = o
émn = Gmn — M , an — an _ GQmBQn - BBmGQn
Gos Goo
q omy...mp q my...mp
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Superspace T-duality: an example

An example in some detail (order (9)?)

B @ B
% — 17 _ _mn + ...
Gos + 78 + ... Gos  (Geo)?

B
~ — B4 D B mn
(—/0F9D99)A = {[Hassan] rules} = — (%) - ((699)2>

(Ggg — /9_F9D96 + )A

At order (0):
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Fermion couplings on the Dp-brane

With this we can compute the 6 expansion for any Dp-brane

Spp = — / d"+1Ce‘°\/— det(gj + Bj + f;) + / (Zc<">e—<32+f2)>

where
o = ¢—£§A0+...
gi = Gji— ie_r(,Dj)G =+ ...
Bj = Bj—i0lr.ryDy0+ ...
i _e= 1
CE{'A)“,” = C,-(:)“,n — 56 ¢9Pn(nr[,‘14.4/n,1 D — Erqm/nA)@ + ...

Full agreement with [Marolf,Martucci,Silva] at order (8)?
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Summary

Superspace formulation of supergravity for brane fermion couplings
Goal: obtain superfield # expansions
Best approach: obtain 11D superfields, then use superspace duality web

Brane actions at order (6)? \/
For order (8)* limitations from 11D approach to write expansion nicely

ou
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NORCOR idea

ZM(t) is a particular geodesic in
curved superspace satisfying:

VBVsv =0 , vA(t=0)=(0,y%)
A dz" A
vi(t) = T(Z(t))EM (Z(1)

t" (5"S 58S  §ZM s5S
Szt =>_ o ( ) & =——"=L,S
n t=0

5tn 5t &t ozZM

So SZ(t=1)=3" %((@)“5)1:0 = (e%25)

t=0
n
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NORCOR in practice: supervielbein
S(Z(t=1)) = (S),_,: what do we do with it?
© Apply derivatives: £, E; = Vuy? + yCE S Tc"
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NORCOR in practice: supervielbein
S(Z(t=1)) = (S),_,: what do we do with it?
© Apply derivatives: £, E; = Vuy? + yCE S Tc"
© Evaluate at § = 0: use tangent space props (e.g. wa =0),

WZ gauge Ej\(0 =0) = (e"féx) w'?;éx))a y*=(0,y%)
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NORCOR in practice: supervielbein
S(Z(t=1)) = (S),_,: what do we do with it?
© Apply derivatives: £, E; = Vuy? + yCE S Tc"
© Evaluate at § = 0: use tangent space props (e.g. wa =0),

WZ gauge Ej\(0 =0) = (eﬁéx) w?(;;(fx)), y*=(0,y%)

© Use superspace Bianchi IDs  dH, =0, VT# = EBRS', VR =0to
write superspace objects into familiar spacetime fields

LyEZ = —iy*(T%)apbh , LyEs =Vmy® +eL(To)%y"
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NORCOR in practice: supervielbein
S(Z(t=1)) = (S),_,: what do we do with it?
© Apply derivatives: £, E; = Vuy? + yCE S Tc"
© Evaluate at § = 0: use tangent space props (e.g. wa =0),
Wz gauge Ef(0=0) = (%44 VHD) pr—0.p)
I

© Use superspace Bianchi IDs  dH, =0, VT# = EBRS', VR =0to
write superspace objects into familiar spacetime fields

LyEZ = —iy*(T%)apbh , LyEs =Vmy® +eL(To)%y"

@ Replace tangent vector y* for 6 and write superfield expansion:
ER(Z) = en(x) = i0T*m(X) + ... , Ex'(Z)=vm (X) + (Dm(x)0)* + ...

@ In bosonic backgrounds take v, — 0
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