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Universe made of space-time filling D-branes?� Open strings ending on D-branes: matter.
Can realize

��� �����
	 ��� ����
	 � �����
.

Here one stack of D3-branes � � ��� �
.� Closed strings: moduli

1. Compactify on CY orientifold. Add N space-time filling
D3-branes.

2. Add background fluxes.� Fix some moduli� Break SUSY spontaneosly in the bulk

Purpose:� Understand low-energy theory of CY–compactifications
with D-branes and O3-planes� Break SUSY by fluxes. See how SUSY is communicated to
matter
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Outline

� Find low-energy action for IIB on CY3-orientifold

+ D3-branes + flux

�
��

�
Gukov,Vafa,Witten�

CY orientifold: Grimm and Louis
+ D3-branes: GGJL���

� Find soft SUSY terms in matter (D3) action� Check consistency with effective sugra description
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Bulk Thomas Grimm and Jan Louis, in preparation

Moduli of CY compactifications with orientifold planes
(neglect warping � large radius limit)

� Orientifold projection� � ������� �!#"%$�&('
� Demand&(')" � �*" +

O3- or O7-planes� Under
& '
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Spectrum of moduli
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KK compactification to 4D

� - ^ 1¢ H¤£ ¢F¥ =
� 7?§¦ ¨*© � ª� «¬®°¯�± «°² ¨ ¯ ³± ®

´#µ·¶¹¸ º »½¼¾ ¿ ª� « ¬®À « ª� À ¬® ª³� � �ÂÁÂª� Á ?)Ã º ÄÅÄÅÄ

Kähler coordinates: ± « � Æ�Ç ¼�ÉÈ�ÊËÈ¤Ì��ÉÈÎÍ <=ÏÊ � ªÐ º ÑÒ» 5 ¼ÓÌ�� � Ô � � ÊBÕÖ�
Í < � H2×?ÙØ < º H^ÛÚ < � H2×^ -mÜ 5 ¬Ü 1 Ú <ÉÝqÞ Ì Ý � Ì � ³Ì � Þ
Intersection numbers

Ú <àß�á � â;ã äFå < ² å ß ² å á È Ú � Ý�á � â;ã äGå � ² å Ý ² å á
Ú < æ Ú <àß�áÉç ß ç áÚ æ Ú <àß�á ç < ç ß ç á � �éè0ê�ëì��îí ï��

Kähler potential (in non Kähler coordinates)

ª� � �ðì@ñ ò � Ñ â " ² ³"Qóð� ì@ñF�ô� Ñ � Ê � ³Ê � �õ� ��ì@ñö� Ú �

ª� « ¬® � ÷Eø ¼¾÷úù ûÖ÷ ¬ù ü æ ý « ¬® � ý ¼� ¼¬ Ý � � 7þ(ÿ�� ¬ÿ â � ¼� ² ³� ¼¬ Ý

6



Fluxes

Consider warped-metric¯�� ? � » ?����	�
� ¯� 
 ¯� � º » 5 ?����	���� ¯� � ¯�� �
And fluxes� -�� 1 È � -IH 1�� , -IH 1 È � -87 1 � �

(
Ê

constant)�Ì -IH 1 � � -IH 1 � Ê , -IH 1
� Poincare invariance�� -�� 1 � ¯ � - ^ 1 º ¨ ¯ � - ^ 1 È � - ^ 1 � � ¯�� J ² ¯�� 7 ² ¯� ? ² ¯� HÌ -IH 1�� Ì ��� $ � � �
� Bianchi identities¯ �� -�� 1 � » ?�� � H Ø H º , -IH 1 ² � -IH 1!A" ?$# V % ?&�(' H*) H,+ - % 5 ï �/. � #0. � % ^ � + ×21�3465 ø877Ò? 9 ��� $ N;: ï�<9 R �=� $
¯ � -IH 1 � ¯ , -IH 1 � � + ¯ Ì -IH 1 � �
� Bianchi identity for

�� -�� 1
- Tr (Einstein) 
>� equation�? ? � » ^ � � � � � » 5 ï � @@BA � » ^ � � �Ù� @@ ? º 1 ø87 1C34ï @@@ ¨ ï Ì -IH 1 � Ñ Ì -IH 1 @@@ ?� � �D `L`L` V E F E F E

compact CY

Global tadpole cancellation condition: on compact CY» ^ � � �
and

¨ ï Ì -IH 1 � Ñ Ì -IH 1 G Ì -IH 1
: ISD

¯ Ì -IH 1 � ¯ ¨ ï Ì -IH 1 � � + Ì -IH 1
is harmonic¨ ï " � � Ñ " ¨ ï � ¼� � Ñ � ¼�¨ ï ³" � Ñ ³" ¨ ï ³� ¼¬� � � Ñ ³� ¼¬�.

+ Ì -IH 1CH , -@? . 7 15 4 , - J). H 15I I
SUSY SUSY
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� ISD flux: “no-scale”

Not very interesting phenomenologically

� Add IASD flux: SUSY

In compact manifolds EOM solved locally only

IASD flux: perturbation over ISD

EOM for
Ì -IH 1

:JLKM% ^ � N;: ï 9 -IH 1 O NO9 -IH 1 R;P V ELQ % ^ � NR: ï 9 -IH 1 O NO9 -IH 1 R
is harmonicST 6 -87 . ? 15 U 6 -IH .KJL15!

» ^ � � ¨ ï Ì H � Ñ Ì H ��� ? ×V ¿ " â ³" ² Ì -IH 1 º ý ¼� ¼¬ ÝV ³� ¼¬ Ý â � ¼� ² Ì -IH 1 Ã
W V D % 5 ^ � M X <M

� 3-form flux generates superpotential for moduli
ª�

ª� � â " ² Ì -IH 1 È ª� Y� � + Ì -IH 1�� ��� È �§�
� From

ª�
we get a potential

ªZ
for moduliªZ � » ¼¾ ¿ � « ¬®�À « ª� À ¬® ª³� � �ÂÁ � Á ?ÅÃ

T[ V N % ¼¾ \ D M X <9 -IH 1 D <M X 9 -IH 1 + ] ¼� ¼¬ ÝV D D ¼� X 9 -IH 1 D <D ¼¬ Ý X <9 -IH 1O^I I
(3,0) (1,2)

� ªZ Y� �
when IASD flux present
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Branes. D3-brane action

_a`bc �de fg

bosonic NA

fermionic abelian

Myers’99

Cederwall et al ’96
Bergshoeff Townsend ’96
Aganagic, Popoescu Schwarz ’96

Bosonic:

S

h ikjlm �n oqp r p �ud stquv ��xwn y{z | },~ � }�� �   � � �� �� �un � ��� � �   � � �� �  � yz | �� � � �

� � � � �� � � � � � �� � � �� � �� � get

� � � � � � � � � �
term

S �� � o�p r d tqu }�~ � �v � ���� � � �� � �� �v b �v �� �

� w � w � � c � �n � � � � � � � � get couplings to all
� �� �

  tqu } � c �w � � p � � � ¡ ¢¤£¥ � � � � �¦ � � � ¡
, but

� � p � � � � p � �¨§ ¦ � � � �� ©� � � p � �§ª � �¬« « « tqu � � � � � � � � � � � � � ® tqu � � � � � � � � � � � � � « « «
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¯±°² H � � � H â´³ ¯ ^¶µ � ·¹¸$º ª	 
>� Í�» ¿ � ï½¼ ø¾À¿ �	 × ¬Á2Â 
ÄÃ × Â 
 ³Ã ¬Á
º 7ÆÅ ¼ ø¾ ø ¿ Ç �=� Ã � Ã � º È ¼ ø¾ ø ¿ » Ó �	 ��� �	ÊÉ $0Ë Ã � È Ã ÉÍÌ Ë Ã $ È Ã � Ì
º H2× ¼ ø 1 4¾ ø ¿ » ^ � � � ¨ ï Ì H � Ñ Ì H � ��� $ º Ç Ä Ô Ä � Ã � Ã � Ã $¼ ø^ ¦ » Ë � Ñ Ê � � º Ñ ¨ ^ � � 
� � � º Ñ ¨ ^ � � 
� Ì �

� Ç �=� � �? � �? � � » ^ � � � �ÅÁÏÎÑÐ
% ^ � O # V Ò NÔÓR W Ò NÕÓ J R V E W A" � Ò×Ö Î Ð V E WØÒ �=� V A" � A" � Ò�Ö Î Ð

EOM:A" ? N % ^ � O # R V % 5 ï � ÙÙ . N % ^ � O # R ÙÙ ? + 1 ø87 1�34ï ÙÙ : ï 9 -IH 1 O NO9 -IH 1 ÙÙ ?�	 ��� � � Jú� Ç ��� � 1 ø87 1�34ï Á ¨ ï Ì H � Ñ Ì H Á ?Î Ð
� % ^ � NR: ï 9 H O NO9 H R V ? ×V \ M D <M X 9 H + ] ¼� ¼¬ ÝV <D ¼¬ Ý D D ¼� X 9 H ^
[ Ú N D <M X 9 H R M × ÁÍÛ U × U Á U Û + ] ¼� ¼¬ ÝV N D D ¼� X 9 H R <D ¼¬ Ý × ¬Á ¬Û U × U ¬Á U ¬Û
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Fermionic action.

Computed up to dim 3 expanding superfields in component fields M.G.� Known fermionic action is abelian� Add Tr (Abelian expression)� Intrinsic NA terms
� � ³ÜÝË Ã È Ü Ì � � higher order

¯ßÞà 1âá � � H ï 
 µ¾ ø ¿ â ³ ¯ ^ µ � ¯ »äã ª	 
>� » H��Í�» ¿ � ¾ ¸âå ø¿ ? Ü ªæ 
 À 
 Ü º 1 34 å ø 1 7^ Å ¦ » Ë � ¨ ï Ì H � Ñ Ì H ��$ / á Ì Ü æ $ / á Ü Ã

Ü H ³ �¶ç � � ³è È�ékê 4 ë è È ³éØêÜ � ì�í ×ïî ð × ÁÍÛòñ ÁÍÛ � ó ÕØô î � ó Çöõ Ô õ÷ øùú �üû ý E
þ Þ à 1âá � ÿ ��� ����� » �	��
 ��� í�����ñ���� � í����� � � � � 
��	�! " ô �ñ  �#� � ôó $ �% �& '�( � ) � *,+.-/� 0 1ð 2 3 4 �65 ô�ô
ó87:9<;= >  ?  � @= ð �A �B ��DC 1E  � @GF � �B �� ��IH �A 0 E  ? 2 3 4 �65 í � í HKJ ó L õNMKO
P Gaugino masses Q ÿ �  '�( � 0 1ð 2 3 4 �65
P í � -fermions mass matrixR � H ÿ �  'S( � ;= >  ?  � @= ð �A �B ��TC 1E  � @ F � �B �� �� H �A 0 E  ? 2 3 4 �65

11



Soft SUSY breaking in supergravity Kaplunovsky and Louis
Brignole Ibañez and MuñozP Observable sector: U ��V í �XW YZ�P Moduli [ \

Expand for small U]_^ `ba cSda cfegc deih ý j^ `ka clda hmSn � �H `ba c da h	e � de �H m o ;�.p � H `ba c da h	e � e H m h.c. q m r6r6r
]ts `ba c�eih ý js `ka h m ;� ùu � H `ka h	e � e H m ;� ùv � H B `ka hwe � e H e B m rxr6rP R

�zy C [ F ÿ � � �
SUSY by some mechanism (for us flux) that gives vevs{ | \~} ÿ { �  '�( � �� \ �� ��� �� �� ó �� � �� �� O } �ÿ �

In
þ

constructed out of
� C [ V 1[ V U V 1U F V � C [ V U F V y C [ F :P Replace | \ by VEVsP Take limit [ � � W � , Q � ( �<� [ �A���A��:� [ �� � fixed (flat limit)

Softly broken effective � ÿ � sugra theory with matter Y �
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Effective theoryP � 4���� 5 ÿ ;� R � H U � U H ó ;��� � H B U � U H U B� R � H ÿ �  '�( � �R � H ó Q � ( ��� � H � | �\ 1� �\ � � H� � � H B ÿ �� 'l( � �� � H B , Q � ( � ÿ �& 'S( � ��
P � 4���� 5 ÿ ;� � � ó � � �� C � � � 4���� 5 F C � �H 1� 4���� 5 F óQ �� �����A��x��� U � 1U �H ó ;��  � H B U � U H U B ó ;�¢¡ � H U � U H ó h.c.� � ÿ £$ � 1U � � � � � H U H� Q �� �����A��x��� ÿ¤ �¦¥ Q � ( � ¥§� � � �� � | \ | ��:¨ \ �� � �� ó 7 Q � ( � C©¤ � � � F � � ���   � H B ÿ | \ � \ � � H B� ¡ � H ÿ | \ � \ R � H � 1Q � ( � R � H¨ \ �� �ª�H ÿ � \ � � � �«�H � æ B\ � � B �� æ �� �� �H V æ � \ � ÿ � � �� � \ � �� �� \ � � H B ÿ � \ � � H B ó ;� �� \ � � H B � ¬ æ � \ � � � H B� \ R � H ÿ � \ R � H ó ;� �� \ R � H � 7 æ � \ � R � H¤ � ÿ � ó ¯®�±°³²8°µ´¶¸· ´P Q ÿ ;� | \ � \º¹¼» Ck½¿¾ y F
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From D3-action we read:

1) Flux independent termsP Bosonic kinetic terms: n � �� ú � e � ú � e ��
W ;À� � � U � � � U �� �� � ��.Á � � �� ÿ Â£xÃÅÄÆÀ� ÿ ��
 Ç�È 4 = È 5 ÃÅÄÆ � È�É±Ê Ç È Ç É Ç ÊW � � H^ ý j^ `ba c da h m n � �H `ba c da hËe � de �H m ;�Ìp � H `ka c da h	e � e H m h.c.

P Gauge kinetic term: Í ;%ÏÎ�Ð�ÑÓÒ ? @ `ÅÔ m ÕÏÖ ÔSh ?�w× `ÅÔ m ÕØÖ ÔSh @ ��×IÙW y ? @ ÿ ��
ÛÚÝÜ ? @
P Bosonic quartic term: n � �� `ßÞ � s 4���� 5 h¸`ßÞ �H ds 4���� 5 h

W *à-/ ´ � �� � �� �� B ��Øá U ��V U ���â á U B V U �� â Á� 4���� 5 ÿ * -/ · ´ ¶x· ´� ã Ã�äxåæ ã æ U � U H U B ÿ
�  '�( �¯ç � H B U � U H U Bèé� � H B

P Bosonic/fermionic quadratic term: n � �� `ßÞ � s 4���� 5 hê`ëÞ �H ds 4���� 5 h� �� H � 4���� 5�ì � ì HUíUW No flux independent term Á �R � H<î �ì�ì
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2) Flux dependent termsP Bosonic masses a �� ��ðï ñ �� �����A���A�� m ñ �� �����A��x���
=
n � �B u � � du �� �B m ñ �� ����§A��6����� � �� [ � �� î ò ´ * -/ * ´�ó ´ � ôôôöõ �

3 4ø÷ 5 � 
 3 4ø÷ 5 ôôô
ù

î ò ´ * -ú= )�û ç û ù 0 ç 2 13 4ø÷ 5 0 1ç 2 3 4ø÷ 5_ü >  ?  � @= >  ý  �þ=C 1E  � @KF � �B �� C E  ý FIÿ� �B �� 0 E  ? 2 3 4ø÷ 5 0 1E  �þ 2 13 4ø÷ 5 J3 4ø÷ 5
: (3,0) or (1,2)P Fermionic masses u � H ï Þ ù� H s 4���� 5

(susy)R � H!î ò ´ * -ú · ´= >  ?  � @= ç �A �B �� C 1E  � @GF � �B �� �� H �A 0 E  ? 2 3 4ø÷ 53 4ø÷ 5
: (1,2)P Gaugino masses ñ (susy)Q î � $ �� �  '�( ù 0 1ç 2 3 4ø÷ 53 4ø÷ 5
: (3,0)P Soft A-terms

� � H B (susy)  � H B î � ù �  ' 0 1ç 2 3 4ø÷ 5 ç � H B3 4ø÷ 5
: (3,0)P Soft B-terms � � H (susy)¡ � H î �
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Consistency

1) ISD flux: õ �
3 4ø÷ 5 î 
 3 4ø÷ 5 Á 3 4ø÷ 5

: (2,1) or (0,3)

[ 4��º÷ 5 V R 4��º÷ 5 V Q 4��º÷ 5 V   4��º÷ 5 V ¡ 4��º÷ 5 î �
P (2,1): SUSY�� î � V � \ �� î � Á � \ �� î � V | \ î � V Q ÷ ( ù î ��[ 4���� 5 V R 4���� 5 V Q 4���� 5 V   4���� 5 V ¡ 4���� 5 î � �
P (0,3): SUSY, no-scale�� �î � V |	� È �î � but

�� î � (no-scale)

Is � 4���� 5 î � ?

� R 4���� 5 î Q ÷ ( ù � � H � | �\ 1� �\ � � H�
 � � H �
Ç�È = È � �  ?

F �� � �� � � H î Q ÷ ( ù � � H , � ï �������������� c��! �R 4���� 5 î � | �" -Ä# � �" -Ä# � � H î � �è Á Q 4���� 5� ����§A��wA�� î � $0 E ? 2 3 4ø÷ 5 � % 4ø÷ 5 & `('�c*)�h ¡ � H î � $

�   4���� 5� H B î �  '�( ù | \ ) C � \
ü �� \ F �� � H B � ¬ æ � \ � �� � H B J î � �

� Q 4���� 5 î ;ù | \ � \,+.- C ¨ �zy F î � �ù �  " |0/ î � �è0 1ç 2 3 4ø÷ 5 � % 4ø÷ 5 & `21wc43Ih
� Q 4���� 5� �����A��x��� î � �
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2) ISD + AISD flux[ 4��º÷ 5 V R 4��º÷ 5 V Q 4��º÷ 5 V   4��º÷ 5 �î � V ¡ 4��º÷ 5 î �
� R 4���� 5 î � | �" -Ä# � �" -Ä# � � H î � �  '�( ù >  ?  � @= � �" -Ä 5 � � H 0 E  ? 2 3 4ø÷ 5

î ò ´ * -ú · ´= >  ?  � @= ç �A �B �� C 1E  � @,F � �B �� ��IH �A 0 E  ? 2 3 4ø÷ 5 �
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