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to characterize (on-shell) type Il supersymmetric vacua and
their (generalized) calibration structures

¢ Natural question: effective 40 description?

& Answer difficult: * lgnorance about moduli

* No clear way to disentangle massive
and light/massless modes (warping)
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¥ Try to identify first 40 (supersymwmetric) structures
hd V

of the untruncated theory

¥ Truncate the theory at a second step, hopefully in a
consistent way

& Obtain effective potentials: Weg . Kog & Vg
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Plan of this talk

¢ Off-shell 40 N=1 structures in flux compactifications

¢ 40 potential, calibrations and broken SUSY
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¢ Ordinary spinors: 0(6,6) pure spinors
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Off-shell pure spinors

# Restrict to configurations of the form
dSlO 2A(y)dSX4 + Gmn (y)dymdy
F..; = e*4dvoly A Fy + F (with Fy = *6F')

¢ Rescaled twisted pure spinors:

t = e_q’eBlIﬁ Z-lerinS by

¢ t and Z contain complete information about:

NSsector: ge) . B. @ and A
Internal spinors: 71 and 7o
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Adding RE-fields

& (Twisted) RRsector: F = Z F, = F°1dC
k

§ Note that: Imt = Z(Ret) [Hitehin 021

¢ Combine Ret and C into: 7 = Ret — iC

(~ N

For fixed flux cohomology classes, the complete
information about the configuration is in:

T and Z  (our 4P chiral fields)




Kahler potential
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(Conformal) Kahler potential

& By dimensional reduction and L = %N R

( N

N=3 [65¥E, 277

2
| \Jt il

¢ Einstein frame gavge fixing N = M3 :

“a -

K = —3log (%f(t,f)m(z,z")lf?’)

\_ WV
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Superpotential

From P-brane domain wall

calibration M. s Smyth, 05 Evslin &
LM., 071

dF = 5§(DW) Ae ¥

N

Flux jump

Tow = 27r/(Z,AF) = 2|AW)

/ * holomorphy

(- -

\_ v,




4P SUSY conditions
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4P SUSY conditions

¢ F-flatness: Fz=6zW+WizK =0
Fr=0rW+WorK =0

8§ D-flatness: D ~ 5}\1&1 K =0 from RR gauge symmetry
0C = dA\

They reproduce all 10D susy equations!
(for both Minkowski and AdS vacua)
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Localized sources

& All expressions are consistent with orientifolds

¢ The open string spectrum is automatically
taken into account by RRBlIs:  ;n jloc

* E.g. splitting

B = Fba.ck

910{:

= W = Whack + WDpEI]

—  D-brane
superpotential

[L.M. 061
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N=1-> N=2

¢ In N=2 l[anguage: Z ~ vector multiplets
t ~ hyperwmultiplets

& Unsplit XC : purely N=1 description

K = —3log (7 2 /(t 0232, 2)1%) £ Ku(t,7) + Ka(Z, 2)

= —2log (if82A<t,f)) — log (z’/e*M(Z,Z)) — 310g§
l e’ ~ const.

K~ —2log (3f(t,f)) — log (i/(Z?Z)) o 310gg Nyzmiiiluv(;ruqm

\ LGrana, Waldram & Lovis, 09-'06;
Special Kahler structure Benmachiche & Griwm "06;1

[Hitchin, "02]
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Example: Superpotential and
Kahler potential in 116 wCY

& Inthis subease: Z=Qcy., t=e Texplie 2 Jcy)

- i [eukov, Vafa & Insensible to
W = / Qcy A (F3+ie " H) Witten, 991 b warp factor!

/ [PeWolfe & Giddings, 021
4 _l
K= —QIOg(g \/6"_4AJCY A Joy A ch) = log( — 1 f 6~4AQCY A Qcy)

™

agrees with LGrimm & Louis, 041 for
constant warp-factor

Purely N=1
description!

see also LPouglas, Shelton & Torroba, 071
LPouglas & Torroba, '08]

A

Generically e non-trivial =i




Other example: SU(3)-
structure in llA

f [d(ESA—tI’J) T ?:63A—‘I’H:| A (6—‘1’RBQ) {5 fF A 63A—<I>6—(}3_|_@J)

Kiia = —2log ( — i/eM_Z‘I’Q /\ﬁ) — log (gfem_mJ/\ J A J)

In constant warp-factor approximation, and using
CY inspired truncation, in agreement with previous

results, e.g. L...: Gurrieri, Louis, Micu & Waldram, '02:
Perendinger, Kounnas, Petropoulos & Zwirner 04
Villadoro & Zwirner, '09;
PeWolfe, Giriavets, Kachru & Taylor, '05: ...
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Remark

It is not clear if YV and X give a full standard N=1 theory
for untruncated modes

Indeed:
¢ Redundancy of degrees of freedomin 7~ and Z

& Checked only under 1st order SUSY equations.

LShiu, Torroba, Underwood & Pouglas, '08]

¥ Kinetic terms? further analysis required ki b

¢ Full potential not precisely of the form
V=e~(DW]? -3WA)+D*  (seelater)
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Nevertheless...

¢ After consistent truncation, Wand IC are expected to
give correct effective W.g and X ¢

¢ Agreement with different proposals for flux
compactifications with CY-inspired truncated spectrum

§ If e~ there are proposals of truncation

/

exactly truein l1A SU(3)-
strueture AdS vacua

giving well defined 40 N=1 and N=2
supergravities

[Kashani-Poor 071
[Cassani ‘081

[Caviezel, Koerber, Kors, Liist, Tsimpis &
Zagermann, 081
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Sumwarizing so far

¢ Rescaled pure spinors: 2z =¢e3428w0, , t=e 2Py,

[ Z and TERet—iC] cﬁzml

§ Then [

.

' - -
= -3log (3 [(t.9%°(2,2)"°)

W=m

(Z, F + idRet)
/

condi

tions

4P SUSY conditions

from K and W
100 SUSY /

\

Well-defined generalized calibrations
(BPS bounds for P-branes)

/)
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Suwmwarizing so far

¢ E.g.in N=1 compactifications (to flat r'-3) we have

Grana, Minasiowy, Petrinvu
& Tomasiello- "05

L.M. & Smyth 05

Koerber & L.M. "07

Equation

P-brane BPSness

4D SUGRA int.

dg(e*Ret) = e« F

gaunge BPSness

dg(e®*4Imt) =0

string BPSness

dgZ =0

DW BPSness

How to break SUSY in a controlled way?
need for better understanding of 4V potential




40 potential, calibrations

and SUSY-breaking

[List, Marchesano, L.M. & Tsimpis, 081
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100 e.o.m. from 40 potential

¥ Restriet to configurations of the form

dSlO 2A(y)dSX4 + Gmn (y)dymdy
F,., = e*Advoly N F, + F (with Fy = %¢F')

& The full set of 100 e.0.m. can be obtained from
V= /M dVols e4A{e—2‘I’[—R6 + %H2 — 4(d®)? + 8V2A + 20(dA)?] — %F%}

b Y ([ et T A - [ Clsonen)

i€loc. sources
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1
V=3 / dVolg e*A [Fy — e *4dy(e**Ret)]”

+% / dVols [dg (€*ATm )]* + % / dVolg e 24|dy 2|

—+ Z T4 / €4A (dVOlﬁ p?BI S (Re t}ji))

iE€D-branes
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/ calibvation )
1
V=3 f dVolg €4 [F,) — e~*Ad g (e*4Ret)]” 2 ()
~ D2 (D-string calibration)

+% / dVolg [dg (e*ATm¢)]* + % / dVolg e 24|dx Z|*2 ()

~ ‘FT|2 (DW calibration)

s Z Ti/e‘lA(dVols PiDBI g (Ret?ji» 20

el-branes . ——— | D-brane calibration
i bound
1 td g 2] FidgZ e
__/e-—2A+2tI’{|< daZ)|” | [it,daZ)) }SO

4 dVolg dVolg

) <0 Fr|? (0w caldbration)
+ ses
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40 potential and calibrations

By expressing 7 in terms of pure spinors (see also Cassani '08),

= ‘FZ|2 (Space-filling D -brane
/ calibvation )
1
V=3 f dVolg €4 [F,) — e~*Ad g (e*4Ret)]” 2 ()
~ D2 (D-string calibration)

+% / dVolg [dg (e*ATm¢)]* + % / dVolg e 24|dx Z|*2 ()

~ ‘FT|2 (DW calibration)

+ Y 0w / 64A(dV015 e (Re jz-)) >0
el-branes . ——— | D-brane calibration
= bound
_1/8-—2A+2¢»{|<t:dﬂz>|2 i |(tsdHZ)>|2}( 0
4 dVolg dVolg -
|Fr|? (DW calibration)

) 50
\)N‘D—FFTF




PW SUSY-breaking (PWSP)

¢ InN=1 compactifications (to flat R'%) we have

Grana, Minasion, Petrinu
& Tomasiello- "05

L.M. & Smyth 05

Koerber & L.M. "07

Equation

P-brane BPSness

40 SUGRA int.

dH (e4ARet) = 64AF51

gauge BPSness

(Fz) =0

dg(e*4Imt) =0

string BPSness

(D) = 0

dgZ =0

DW BPSness

(Fr) =0




PW SUSY-breaking (PWSB)

¢ We break N=1-N=0 by violating PW BPSness:

Equation

P-brane BPSness

40 SUGRA int.

dg (e4ARet) == 64AF31

gauge BPSness

(Fz) ~ ()

dg (e Imt) =0

string BPSness

dyZ #0

DW (non)BPSness
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-parameter PWSP

¢ Take generalized fibration (I, R) /

(Pirac structure) / /
dR = H|n

1T




|-parameter PWSB

¢ Take generalized fibration (II, R) / A

(Dirac structure)

& Consider PWSB of the form

dgZ =rjm,r)
T ~ G*RdVOIJ_
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-parameter PWSB

¢ Take generalized fibration (I, R) /

(Pirac structure) / /
dR = H|n

& Consider PWSB of the form

breaking of

HE GCS integrability

dgZ =rjm,r)

/ Bns = vy e dVol |
SUSY-breaking parameter




-parameter PWSUSY-breaking

¢ The potential reduces to

Vi % / dVolg e*A [Fy — e *Ad (e Ret)]”

+% / dVols [dg (e*4Im )]

+ Z T3 f €4A (dVO]B p?BI . (Re t,ji>)

1€D-branes

ot g L 1 (t, Ja,r)) |2
€ 7| (*J(H,R):J(H,R))_ dVols




-parameter PWSUSY-breaking

¢ The potential reduces to

Vi= % /dVO]ﬁ 64A [Fel — 6—4AdH(64ARe t)] £ 20

+% f dVolg [dg (e*AIm )] ()

SEEEp EEREEY f e4A(dV015 o - (Ret,jz-)) 20

1€D-branes

oal ol 1 (t, 71, r)) |
€ 7| (*J(H,R):J(H,R))_ dVolg 20




-parameter PWSUSY-breaking

¢ The potential reduces to ol BPSess (CLFs) = 05

1
V= 5 /dVO]ﬁ 64A [Fel ) 6—4A H 64AR6 t)]g 20

+% f dVols [dg (€*ATmt)]* 2()

SEEEp EEREEY f €4A(dV015 o - (Ret,jz-)) 20

1€D-branes

I BNy EENEY YN ) 1 (t, Ja,r)) |2
‘|‘§ € 7| [(*J(H,R):J(H,R))_ dVolg ]20




-parameter PWSUSY-breaking

¢ The potential reduces to ol BPSess (CLFs) = 05

1
V= 5 /dVO]ﬁ 64A [Fel ) 6—4A H 64AR6 t)]g 20

D-string BPSness ((D)=10)

—I—%/dVoW}O

SEEEp EEREEY f €4A(dV015 o - (Ret,jz-)) 20

1€D-branes

I BNy EENEY YN ) 1 (t, Ja,r)) |2
‘|‘§ € 7| [(*J(H,R):J(H,R))_ dVolg ]20




-parameter PWSUSY-breaking

¥ The po’ren’rial reduces to e BPS et (L FAY e

V= dvc.l6 e*4 FW
D yt‘rung/BPSne/yy ((D
dV016 Im t)
calibrated D-branes

Tif€4A(dV01 > — (Ret, j;) )0

m| (¢, Ja.r
e 24|r|? [(*J(n B, R d(Volﬁ) ] >0




-parameter PWSUSY-breaking

¥ The po’renﬁal reduces to e BPS et (L FAY e

V==: dvc.l6 e*4 FW
D }tVuVLg/BPSW ((D
dV016 Im t)
calibrated D-branes

(W ) 20
GD brane
1 24 i ] (t, Ja,r)) |2
+§f6 r[* [(*W 120

foliationv (II, R)
((Fr)~71)




-parameter PWSUSY-breaking

¢ The potential reduces to

gaunge BPSness ((Fz) ~0)

V— : dV01564A Fro=er 4ARet
D- erBPSW ({D)=0)

e 16 Im t)
calibrated D -branes

dVo
Z n [ (M ) 20
1€D-branes
. T ¢, 5, )|
n fe 2A|T|2[(*w ]20
calibrated generaliged

/fohafww (I, R)

7 -dependence disappears: Gy~
no-scale structure
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Simplest example: wCY

L6raia & Polchinski "001
LGiddings, Kachru & Polchinski "0 11

§ I" fh's case. (and thus R = 0)

it
{leaves II} = {points in M}

e e

spanned by mobile 03 AVl

\ 4

i VWSB.' d HQCY ~ rdVolg
—} dQCY = 5L | HASQcy #0

* P-string BPSness: dJoy =0 , HAJoy =0

* Gauge BPSness:  x4G3 = iGy  (ISD)
Or =0, 4dA—d® = e® x4 F;
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Remarks about PWSB vacua

& We have constructed several examples with SU(3) and SU(2)-
structure (also with R # 0) NG

see also LCamara & Grana, 071

& Actually, generically some additional e.o.m. must be imposed
—) trivial or easily satisfied in our examples
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Remarks about PWSB vacua

& We have constructed several examples with SU(3) and SU(2)-
structure (also with R +# 0} TN

see also [Camara & Grana, 071

¥ [nterpretation in untruncated N=1 formalism less clear.

& Clearer 40 SUSY structure if either:

%k one uses densities (likeinLéraia, Waldram & Lovis, 05}
/\~ * N=1 no-scale strueture

—K/3
et = s e A gravitino
3/2 wmass (density)

W:/ W e X3 =
M

or % One approximates ¢4 ~ 1 and fruncates spectrum

cfr. [Camara & Grana, 071
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Conclusion

¢ Generic type Il flux compactifications and their 40
description are naturally formulated using generalized

geomedtry

& SUSY =) sintegrable GC and calibration structures
* emergent N=1 4D effective structures

¥ W us JEEE in’fggrabm but still calibration structures

* less clear (warped) N=1 4D structures




