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Open String Dynamics in Warped Backgrounds
Gary Shiu
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Compensators and Warping
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The Ubiquitous Throat

Cosmology Particle Physics
Inflation, sequestered DM, ... Various BSM scenarios

D7/s

String Theory

Moduli stabilization
AdS/CFT, ...




Inf3ation and UV Physics

V(o)

A.Linde,1982.
A. Albrecht and P.Steinhardt,1982.

>

sensitive to dimension 6, Planck suppressed corrections:

oV ! L2¢2 et N I\/Iéi" O(1)
MS§ V

such corrections may come from the Kahler potential
which is not protected by holomorphy.



BSM and UV Physics

In gravity mediation, soft terms are generated by
Planck suppressed operators:

<F >
Mp

Mo! Myo! mgo!

Issue of FCNC can only be addressed with
knowledge of UV physics.

Again, the Kahler potential comes into play.



Warping Corrections

In addition to Us and ! °, yet another correction:

For example: N D3-branes

Warp Factor:

Al 4A _ gSN!HQ
/ =e =1+ i

Warping corrections can
be important even for small

gs & 1
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Warped Closed Strings

Question:

What is the effect of warl:)ing

N string models?

- J

“* One can quantify such effect in terms of a modibed 4D EFT
iIncluding a Qvarped KShler potentialO R

“* Closed string/gravity sector : Giddings and Maharana'05
Burgess, Camara, de Alwis, Giddings, Maharana, Quevedo’06

4+ Many subtle issues GS, Torroba, Underwood, Douglas’08
Douglas, Torroba’08

4+ Simple expressions for certain subsectors

(unlversal KShler mOdUIUS) Frey, Torroba, Underwood, Douglas’08

Chen, Nakayama, GS ’09



Warped Open Strings

* Open string/gauge sector of the theory: KW¥ unexplored

“* Many immediate applications to particle physics & cosmology

D-brane Inf3ation Warped Extra Dimensions

O bulk CY

D3-moduli | D7-modul
Chen, Nakayama, GS Marchesano, McGuirk, GS



Warped Extra Dimensions

S) ChC{C)S —— Z‘FD C,OSMOS

|5 approx.
e worKs
(Sur Nvaj 7)

welf

dide from Sandram

Are there new features when

embedded in string theorg?

\_ J

Analogous ideas for F-theory, magnetized/intersecting branes, twisted tori, etc,
see talks of Heckman, Marchesano, Kobayashi, Bourjaily, Camara, Ohki,...



Warped Open Strings

bulk CY

!
F
- &

D7-branes wrap
S, ! X

o

warped throat

Type |IB warped background:
ds?, = A7V 2q, dxtdx” + AY2e®G, dy™ dy"
Consistency requires:

Fs = (1+ !0)F™ FM" = Bgd Ae’



Warped Open Strings

bulk CY

!
F
'\\._\_.___'__f

D7-branes wrap
Sy ! Xg

warped throat

4 Coml:)ute the open string wavetfunctions in.a

Wda FPCCl backgrou ﬂCl

+ Deduce the open string Kshler Potential
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D7-brane action

- - b _ DBI CS
* Bosonic action SS9 = Sp7 + Sp
** Fermionic action Warntuce:, Rosseel, Yan den Blecken, Yan Procyen 05
- 1
Sler = 7y /d8§e! V/|det G| I PP’ ("O‘Da+ 5o>!

see aldo Grana OZ
Manoty, Mantucec, Silva 05



D7-brane action

“*Bosonic action SR = SPB! 4+ ST
2 Fermionic action Mantucee, Rosseel, Yan den Blecken, VYan Proeyen 05
_ 1
sfer = 7 /d8§e! V/|det G| I PP’ ("O‘Da+ 5o>!
see aleo Graia OZ
' Manoty, Mantucec, Silva 05
= ,; 10D MW bispinor (type 1IB superspace)
1 ~
P2’ = 5 (I! I'gp " o2) halves the dofOs down toN =1 8D SYM
ocm = Dwme  type lIB gravitino variation (contain Fy)
0cA = Oec type |IB dilatino variation "

Contains the coupling of fermions to RR Buxes



D7-brane action

i i b — DBI CS
¢ Bosonic action S5 = Spy t+ Sp7
*** Fermionic action Warntucei, Bosseel, Van den Blecken, Van Procyen 05
- 1
sfer = 7 /d8§e! V/|det G| I PP’ ("O‘Da+ 5o>!

see aldo Grana OZ
Manoty, Mantucec, Silva 05

|
| 10D MW bispinor (type IIB superspace)
1

P2’ = 2(]“ I'sp " 02) halves the dofOs down toN=1 8D SYM
| -symmetry 1 | | + pP7
Convenient 1

| = D7y _
choices: ' 0 of Pt =0



D7-brane action

O = 0
* In warped [3at space:
Dwm = Iy + Fmt!
% The D7-brane sees the warped metric /along 4-cycle
4
dsg;, = Z' Y2 dxtdx + ZY2 Y g dy?dy”

a,b=4



D7-brane action

O = 0
* In warped [3at space:
DI\/I — . Fmt!
% The D7-brane sees the warped metric /along 4-cycle
7
dsg;, = Z' Y2 dxtdx + ZY2 Y g dy?dy”

a,b=4

. 6 | L
% k-PXINng O = (O> , the 8D Dirac action is given by

Sfer _ !D7 6! 0 d4ZIZ d4y"_£pw"
R1,3
1
jW — FHDH + FaDa+ EO
U a
| 1 11 | #
— szt + ylf[ I é ylnt In Z (1 + ZFExtra )



D7-brane action

O =0
“* In warped Rat space: \
D|\/| — | ant! 2/
% The D7-brane sees the warped metric /a ong 4-cycle
7
dSZD7 — Z! 1/2!H! dxudX! + 21/2 Z "ab dyadyb

a,b=4

. 6 | L
% k-PXINng O = (O> , the 8D Dirac action is given by

Sfer — D7 6! 0 d4£13 d4y -szwu

jW

|
=
=
O
=
+
=
D
O
)
+
|

a
1
= 7ty 5 I Inz (1€2rExtra)




D7-brane zero modes

If one now decomposes the 10D MW spinor as

l = "+ B" "= I ! Tep B: Majorana matrix

and performs a KK reduction, the 4D mass eigenstate ed. Is

1_’_ e o

yz_]t l é yz]t lnz (]. —I_ 2FExtra ) "6OD — O



D7-brane zero modes

If one now decomposes the 10D MW spinor as

l = "+ B" "= I ! Tep B: Majorana matrix

and performs a KK reduction, the 4D mass eigenstate ed. Is

. 1 . L o
yz_]t l é y?t lnz (]. —I_ ZFExtra ) "60D — O

and so the 4D zero modes are
!8D =7 1/8"! for lExtra 1+ = 17
!EOSD = 73/8", for L Extra + = +

In contrast to !gD — 7 U8 the result in the absence of F s

Aetharga, Bewiné, Yalandro 06



D7-brane zero modes

“* Upon dimensional red., such fermion zero modes

O _ -7 —1/8n
10, =z U8 _

!gD — 23/8"+
iImply the following kinetic terms
S[f)e7r — !D7 e! O/ d4X "_4D #R1'3"4D /d4y$|]L $!
R1.3
Sty = !p7 € O/ d*X ¥ p#ris" 4D /d4yZ$I 3,
R1.3

that iIndeed match the kinetic terms of the bosonic zero modes
(e.g., o7 ~ ! Z +1Cy). This allows to identify them in terms of
their bosonic superpartners.



D7-brane zero modes

“* Upon dimensional red., such fermion zero modes

| gD — 7 —1/ 8 B

| gD — 73/ 8n n
. . L e
iImply the following kinetic terms W

_ O
Sg7 = !p7 € 0/ d*x " 4p #R1,3"4Dw !T$!} %\)’&\q
R1.3 \)

| Q
S = Ip;e 0 / d*x '%D#R1’3II4D'd4y Z$, $J “@‘\36
RL1.3

that iIndeed match the kinetic terms of the bosonic zero modes
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D7-brane zero modes

“* Upon dimensional red., such fermion zero modes

0o =Z 718" _ I ilsonin" Aa - e
10, =738, #augino+ modulino A, | —
7 7 e

iImply the following kinetic terms

O
fer ! 4 \“O\
Sp7 = !p7€° / d*X"4p #Rl 3 4D $| $ 6\)’& «\e
R1.3 QO\\)

| o)
Sy = lpy € ° /ng d*x 'ﬂélD#R1'3"4D'd4yZ$T JN@»QQ

that iIndeed match the kinetic terms of the bosonic zero modes
(e.g., fbor ~ ! Z + i C4). This allows to identify them in terms of
their bosonic superpartners.




A subtlety

% Our strategy to compute the zero modes appeatrs to be:
Slr = dBeBpre 1 pUe° = 0
* For a 10D MW spinor, 6 and B cannot be varied iIndependently.
“* For example:
my dEBH O  and o, dEHC "a! | O Inf#H
both give ! * 9 § =0 since 1T@+@nl £0 onlyif n=3,7
* Naively, the warp factor dependence drops out in eom.
“* But a careful analysis gives:

ISE = "pyePe d*#ISD"$+ V1S = 2"p; e dPHISD™S



A subtlety

 Implicitly a choice of gauge is made in the D-brane fermionic
action (choice of supercoord. system)

PE? <| ! D|E + ]‘0E> "

2 see Bawdos and Sonctin 06

“* The gauge choice should be consistent with the gauge
choices in the bosonic sector. One can check this by
dimensionally reducing the SUSY variations

wos°" 8D 4D
VEe = gl —
eﬁ%% 0eAq=py = ? f{:ué’ —  0:AL = B (o
70 = Z—%—%““%f N‘E\Na(p fat



Recap

* In general, the open string wavefunctions have an internal
proPle of the form

| It _ 7P " = const.
» Their kinetic terms group into 4D N =1 multiplets

d*x!' D! d*yz¢?
R1.3



Recap

* In general, the open string wavefunctions have an internal
proPle of the form

| It _ 7P " = const.
» Their kinetic terms group into 4D N =1 multiplets

d*x!' D! d*yz¢?

R1,3
D7
4D Field D q
gauge boson/modulus 0
. . 1
gaugino/modulino 3/8
Wilson line 0 0

Wilsonino —1/8




Comparison to RS

RS D7
4D Field D q 4D Field D q
gauge boson 0 gauge boson/modulus 0
. 1/4 . .
gaugino 3/8 gaugino/modulino 3/8
matter scalar (3! 2¢)/8 Wilson line 0

(1! ¢)/2 0

matter fermion (2! ¢)/4 Wilsonino 1'1/8
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Comparison to RS

RS D7
4D Field D q 4D Field D q
gauge boson 0 gauge boson/modulus 0
. 1/4 . .
gaugino 3/8 gaugino/modulino 3/8
matter scalgr (3! 2¢)/8 (11 0)/2 Wi.Ison.Iine 0 0
matter fermion (2! ¢)/4 Wilsonino 1'1/8

H
Yukawa
couplings

Planck
brane

IR brane

sk 5-form Ruxes
sk 3-form Ruxes

3% D7-brane worldvolume Bux



Generalizations

“* The same is obtained if, instead of warped Rat space, one
considers a warped Calabi-Yau and a BPS D7-brane

w"“ = ZPp, n = const. ! n = cov.const

warped throat




Generalizations

“* The same is obtained if, instead of warped Rat space, one
considers a warped Calabi-Yau and a BPS D7-brane

Y = ZPp, n =const. ! 1n=cov.const

* In addition one may also consider type |IB backgrounds with
G3 [Suxes, as well as with varying dilaton.

warped throat




Magnetized D7-branes

“* Finally, one can consider internally magnetized D7-branes, a
necessary ingredient for 4D chirality in CY/F-theory models

1

6D Chiral fermidd
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% =d&

AD Chiral fermid



Magnetized D7-branes

“* Finally, one can consider internally magnetized D7-branes, a
necessary ingredient for 4D chirality in CY/F-theory models

4 )
2
i J ()
— a—Po/25-1/2
¢ ''2F = Bjdvoliz), + Bjdvolirzy,  Bi = & 772 7D
BPS I' b, =#b,
% Result:
0o _ 7! 18 _ .
'60 = BT, ! | ilsonin” r Lt
19, = z3/8", #augino + modulino




Warped EFT

« Is all this compatible with the closed string results?

» Let us consider a D7-brane wrapping a 4-cycle &in a warped
Calabi-Yau, and with F =0

* Gauge kinetic function:

11 d\/@lg4

fo7 = (87T3k2)' . \/7

— Can be understood as a holomorphic function

(Z\/i'k 7 mt) k= 2ra

Baumann, Dymansty, Rlcbancw, Maldacena, WeHlister, Munugan 06



Warped EFT

« Is all this compatible with the closed string results?

* Geometric moduli !'* a=1,...,h02(s,)."

Unwarped Kin. terms:

iTD7/ e‘I’LAB dCA/\*4d@§
R1,3

D)
& Su ma\mMmg

LAE: e | CY/\!ﬂCY

X6

Couple to the dilaton as

_ 1 F > P
S=1t! | 421"D7£AB‘#AJ@ <z K3In —i S—8 — 2kt Lag (&

see, e.g., Hochere and Louis O4



Warped EFT

« Is all this compatible with the closed string results?

* Geometric moduli !'* a=1,...,h02(s,)."

Warped Kin. terms:  wasdec Uarzueei'06

iTD7/ e‘I’LVAYB dCA/\*4d@§
R1,3

L w = fS4ZmA%mE;
AB AB ~ Jx.Z 1 CY %BCY

Suggest a coupling

>) - _ 1F (P
S=t! 11" prLag##® <z K" In'l i SWI SW 1 201 ' LW #A#7

compatible with Sthin, Tomoba, Underwood, Douglas OF



Warped EFT

« Is all this compatible with the closed string results?

% Wilson line moduli w' 1=1...., 01 (Sy)

Unwarped Kin. terms:

207k T g W ¢¥= [ PL AW AW
| C-“v dW]$O/QLdWﬁ j |
V R1,3 Sa

Couple to KShler moduli as

__ 3 _ .
T +T) = iK! —|—6|/@217'D7|(QC!IJW|WJ‘

see agacn Yockero and Louie 04



Warped EFT

« Is all this compatible with the closed string results?

% Wilson line moduli w' 1=1...., 01 (Sy)

Warped Kin. terms:

207k T g W ¢¥= [ PL AW AW
| C-“v dW]$O/QLdWﬁ j |
V R1,3 S4

W CY
J-T =%,

Suggest the following def. for Owarped KShler modulusO

__ 3 .
T!W + T\!N = EI!W# v VT + 62'#421"[)7 ]CZC!I Jaw| W p

1
| v = XGZ!! ANeANy <z V= éloéwg,yvo‘?ﬂv7



Warped EFT

« Is all this compatible with the closed string results?

 In addition, for a single KShler modulus A we have that

! ) v
K=13InTy+® "! 3In—
v

the Buctuation of such modulusis  Z(x,y) = Zg(y) + c(x)

Giddings and Matarana 05
__ /0 Vir Vey
CY v



Holographic SUSY Breaking

1 Strongly coupled < —=— Warped Throat

hidden sector
q
|

Via gauge/gravity duality, analyze strong dynamics
from a weak coupling gravity dual !
However, using the backreacted D3 background valid in large r region:

Backreacted D3

I\/Ietastablew — background

State

Messengers —rF— — 37 strings

Visible sector
Gauge Multiplets <~ = D7-brane belds

=

one Pnds the leading gravity computation gives vanishing gaugino mass.



Holographic SUSY Breaking

Deformed Conifold: ZZ? = 12

R-symmetry: =z ! e "z exactas!! O
IS broken to Z, only in the IR.

Backreacted solution in the IR sources (0,3)+(3,0) besides
the (1,2)+(2,1) Buxes already present in the UV.

Using gaugino wavefunctionz 3/8y,

Gaugino mass: Tr(! ) (G3)

Gravitino mass: mg! Q" Gs



Open+Closed String Fluctuations

Chen, Nakayama, GS
P(g) = AR g () +21 0 ! (2)Ki (V) + 2By (V)! ! (2)! Y

—2A(Y,u) - | v .
toe gi (Vw1 Y7 gy ggests a convenient gauge B=0

Hamiltonian constraints:

DM (hl 1/27T|\/|| ) :0

DM (B Y20 ) + 12,69 (y Y)% 0.
Combined Kahler potentlal:
2K(p.Y)= —3log p+p—yk(V.V)+2 0 o TaRE
Vev 3

where p= (C+ %k(Y,V)) +ix.

) |

Obreathing modeO axion



Summary

* Effective action for warped compactibcations is much needed
In drawing precise predictions of such models.

* Many subtleties in deriving warped Kahler potential. Inclusion
of open string moduli essential for several applications to
warped string models of particle physics and cosmology.

“* Computed open string wavefunctions in warped backgrounds,
and extracted the open string WEFT. Results agree with closed
string computation.

“* Combined Kahler potential involving both D3 and universal
Kahler modulus.



THANKS




