Three-generation solutions of
equations of motion
in heterotic supergravity
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Lagrangian

10D Heterotic SUGRA with R2 term [84 Bergshoeff, de Roo]

1 o' o’
L = v —g€_2¢ [R —|— 4(V¢)2 — EHMNPHMNP —I— gRMNpQRMNPQ — gtl‘(FMNFMN)

EoM for H:
aM(6_2¢HMNp) =0

Assumption: Ov¢ =0, Hynp =20

We do NOT assume SUSY after compactification
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Equations of motion

/ /

(87 (87
R+ gRMNpQRMNPQ — gtr(FMNFMN) =0, (6)

/ /

o o
Run + —RyporRNT O — —tr(FypFn") =0, (7)
0.

4 4
VaFMN 4 [Ay, FYN] = 0. (8)

Multiplying (7) by ¢™¥, (6) reduces to

R =0.



Bianchi identity

Condition for anomaly cancellation (84 Green, schwarz]
o
4
‘Standard embedding’ R = F HNE{REINS

0=dH = —(trRANR—trF A F)

H1-75 % TlEStandard embeddingZ{RELZELY
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Product space assumption

Assume 10D spacetime is
MY = My x My x My x Ms,

M,: 4D Minkowski spacetime

M, , 3: 2D spaces with constant curvature

Advantages of this assumption:

1. Bianchiid. is satisfied without ‘standard embedding’
2. F,, can bein Freund-Rubin configuration
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Curvatures (M = M, XHM

Riemann tensor for M. (i=1,2,3):

RO, = Ai(gD gD — g g0

mnpq mp mqJInp/?
(m,n,p,q € 4,51(i = 1),16,7}(i = 2),{8,9};(i = 3))
A, >0: Sphere S,

=0: Torus T,
<0: genus = 2 Riemann surface H,/T

First term of Bianchi id. vanishes

trRN R R[MNRSRPQ]RS =0
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Gauge fields

Freund-Rubin configuration [80 Freund Rubin]

A() — oA ()
an — V Yi fz Emn
fA: constant, g;: determinant of the metric of M,
A:index of U(1) in E® X ES
e (): Levi-Civita symbol

EoM for A,, is satisfied:

1 A
Vo FM™ = ﬁam (@ \% emn> T4 =0



Field equations

Flux quantization:
(x;: Euler characteristic)

ZEFHAHEK. BianchilBEZFXIZKAT B E

EoM:

Bianchi id.:

A1+ A2+ A3 =0,

Ai =

X7

119
2‘4:1 T Aq

A2
X

11

> nama =0 (i # ).

NbICHABRDEHZMAS
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3R DEED B iR 5

solution 1 solution 2 solution 3 solution 4 solution 5 solution 6
X2 -2 -2 -4 2 2 2
X3 -2 -4 -4 -2 -4 -6
(200\/20—1\(20—1\(300\/300\/500\
1 0 0 1 0 2 1 0 2 0 1 0 0 1 0 01 0
0 1 1 0O 1 0 0 1 0 0 0 1 0 0 1 0 0 1
0 1 -1 0O 1 0 0 2 0 1 0 0 1 00 1 0 0O
0 0 O 0 0 0 0 1 0 0 3 0 0 3 0 0 3 0
(nai) 10 0 0O 0 0 0 0 1 0 0 0 O 0 0 1 0 0 2
0O 0 O 0 0 0 0 1 0 0 0 O 0 0 1 0 0 2
0O 0 O 0 0 1 0 0 1 0 0 O 0 0 1 0O 0 O
0 0 O 0 0 1 0 0 1 0 0 O 0 0 O 0 0 O
0 0 O 0 0 1 0 0 1 0 0 O 0 0 O 0 0 O
\000/\000/\000/\000)\000)\000/

Table 1: Samples of three-generation solutions. These Euler characteristics x; and fluxes
(na4i) satisfy the equations of motion (I¥), (I9), the Bianchi identity (20), and Nge, = 3
[Nyen is given in Eq. (27)]. Solutions 1-3 are for S? x H?/T' x H?/I" cases, and solutions 4-6
are for §% x S? x H? /T cases.
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Summary

'l'l'

« 10RITTBE AEBREDFHT-1Ea/\JME
S2xS2xH2/T, S2XT2xH2/T, S2xH2/TxH?/T
[2DWWT., ZTIIAOHRBERDT-

« AT EFNSFFEI - BianchilEZF THIE

« F=FZRZEEDLRITNIEHADETTFE
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