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Introduction and motivation

e o o o

°

important for F-theory
3d M-theory vacua studied by Becker & Becker in 1996
8d manifolds with SU(4) structure [Martelli & Sparks, Cvetic et al]

does not seem to cover all the type |l posibilities of
compactifications on SU(3) x SU(3) structure mcorist,

Morrison, Sethi]

D3 brane potential — minimum at points of SU(3)
structure [Martucci]

M2 branes in B & B compactifications are N=2
supersymmetric

— find similar setup to type |IB
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Varying structure group in 8d

All M-theory compactifications on 8-manifolds consider
Majorana—Weyl spinors (for simplicity)

Tsimpis 2007 — only need Majorana spinors &
Supersymmetry equation Dn = 0, n — 11d Majorana spinor
Compactification Ansatz M; 10 = M2 X Ky

n=e®¢

#® ¢— 3d Majorana spinor
#® ¢ — 8d Majorana spinor

— no need of MW spinors — fixed chirality in 8d -
unnecessary condition — special case!
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Varying structure group in 8d

Each Majorana spinor has 2 M-W component spinors
1
E=¢&+6 . Ee=(1E0)

1EI1P = ll&11” + [lg-[1* # 0

£+ may vanish at certain points.
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Non-vanishing MW spinors — reduction of structure group
# One non-vanishing MW spinor — Spin(7) structure

# 2 non-vanishing MW spinors of same chirality — SU(4)
structure

# 2 non-vanishing MW spinors of different chiralities — G5
structure

Non-vanishing Majorana spinor & — no reduction of
structure group

® ingeneral ||¢4|| #£ 0and |[£-|| # 0 ~ G5 structure
® ||(4]| =0 ~ Spin(7)x structure

Same behavior as in manifolds with SU(3) x SU(3)
structure.
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N=2 susy in 3d — need 2 Majorana spinors in 8d ~ 4 MW
sSpinors

# in general SU(3) structure

o 2 MW components of the same chirality vanish ~ SU(4)
structure

#» 2 MW components of different chiralities vanish ~ G-
structure

there exist a unitary description in 9d (no chirality) — only
Majorana spinors
— manifolds with G+ structure
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9d manifolds with (5 structure

Characterize the structure with the help of spinor bilinears

Wm =& &, (V)m =G vméa,  (V3)m = & ymés

Kmn = fflr’}/mnéb ; \Ijmnp — f?anp§2
((I)l)mnpq — f{anqul 3 ((I)2)mnpq — ngmnpqéb 3

(@3)mnpq — f{’ymnpqéb 3

Obey Fierz identities
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SU(4) structure in 8d

Vi=Va#0; V3=0
U~KAV], K —almostcomplex structure
o, =KANK, ®_—+1:P3~ holomorphic 4 — form
SU(4) structure in 8d times an additional direction 1}
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G5 structure in 7d

Vi=-Vo#0, V3#0
K=ViANV3, W~ associative 3 — form
®; 5 3 combination of V1 AW, V3 AW and * (V1 A V3 A V)
(9 structure in 7d times two additional directions V; and V3
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General case

Parametrization in terms of SU(3) structure in 6d
Free parameter a =< Vi, V5 > angle between V; and 15
« varies on the 9d manifold — no fixed structure group in 8d

® o=1 — SU(4) point
® a=-1 — Gy point
® o #+1 — SU(3) point
Vi=Vi+Vo, <V V_o>=<VL V3g>=0

SU(3) structure orthogonal to Vi and V3.
Define SU(3) structure forms J and ¢ as the parts of K and
¥ orthogonal to V4 and V5.

TP =1,  JANIANT~oAp,  ponp = Jgm@ap

VD=0o+ip, Q=0d—ip=J- -1
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Supersymmetry equations

Fluxes Fy = Fy + f A Vols
Spinorial susy equations

can be translated into tensorial equations for the spinor
bilinears

1 1
Vm‘/;; n — 2)\‘971‘/;5 m_2)\(‘9'%)5mn_EFmpqrq)i npqr‘|‘§q)i mnqup(gq

1 r
Vi Konp = = AN ) 4N o014 5 Frf 7 g+ W16 g

Andrei Micu — StringPheno 2013 DESY Hamburg — p. 12/18



Supersymmetry equations

1
vmanpr - 6)\\117”[”?(97“] - 6)\5m[nqu7“]q9q T EFmStuenprstuvwz\Ijvwz
3 1

+ 5 Pty Krig = T Emnprkiqst 7 20" = 3K foby

+ 30mn Sp K 1q0 — 30 Op Ky f?

S st
Vm(q)i)npqr = —8AP; m[npqer] + 8)‘5m[nq)z pqr]se + Fm[n (*q)i)pqr]st

- 2Fm[npqv% 7] + 2(*(I)i)m[npq89r] Js — 2(*(I)i)m[npq8fr]‘98
+ 25m[n(*q)i)pqr]stf89t - 125m[n% pfqer] ;

All spinor bilinears on the 9d manifold can be expressed in
terms of V4., V3 and the SU(3) structure forms J and o.
Express susy equations in terms of these
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Varying o

Key point: « allowed to vary <> varying structure group.

1 n
IVi* =2(1+0), — O = 5 mlVill? = (Vi) "V (Vi)
doa = paF

Flux responsible for varying «:
F=hAp+gNp—=1(3,0)+(0,3) wrt SU(3) structure

SU(4) limit — (3,1) + (4,0)+ c.c. —no (2,2) — different from
B&B

1+ o

do =2(1 — a)( h+gaJ)+2(1+a)|(h- Vg)V3+4(h V)V

(1—a)(h-Vi)Vs

DO | —

_|_
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Susy Equations for particular flux

F=hANp+gAyp, f=0
Solution to external gravitino equation:

)\:O7 hV+:gV+:dAV+:O
1
g-V_=2h V3, g-V%zz—ih-Vl,
1 — 1 —
dA - V_ = So‘h.v_, dA Vs = —"h-Vj
— haJ = ha(V_ AV
J } l—a_( 3)

da=4(1+a)(h-V3)Vs+ (1 +a)(h-V_)V_
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AV, =0, dK =0

2
V== V)V AV
l -«
2+«
AVs = bV VAV
’ 4(1—04)( ) ’

AV ~o ANV_+ oo AVs+pAV_+pA V3
+JNANVEAVOFTAVEAVS
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M2 brane potential

# In the varying structure group background M2 branes
are not automatically supersymmetric

# M2 brane supersymmetry controlled by the M2 brane
chirality operator I'y9 = 9

€1 Q&+ e2®E = €1 ®Y9E1 + €2 @ Y9&2

#® N=1 — one + chirality and one - chirality spinor
— a=—1 — Gy point

#® N=2 — two + chirality spinors - a=+1 — SU(4)
point

« - cos of the angle between V; and V5, — o = £1 - extrema
Potential must vanish at susy points
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Conclusions

°

M-theory on 8-manifold — MW spinors — particular case

Majorana spinors — varying structure group SU(3),
SU(4) and G — analog of SU(3) x SU(3) structure in
type Il compactifications

flux responsible for varying structure — (3,0) + (0,3) In
the SU(3) language

M2 brane potential has extrema at « = +1 - SU(4) or
G2 points
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