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Motivation

e Type IIB [3ux compactibPcations irgsting plgground
to study phenomenological questions in backoyds
with Pxed moduli (elatively good control)

e \What Is the vacuum struct@?

* KKLT most populafbut only (small?) parof the picture
(e.9.LVS)

e Phenomenological implications of various vacua?




Overview

&£ Comparing VS with KKIT

& How stable ae LVS vacua against loop
corrections?

¥ Soft supersymmeir breaking terms in\(S

& Conclusion




Type |IB [3ux compactibcation:

e Moduli:Dilaton S
Complex structue U“

volume(! /)
KShler T/ = 1570

/! S(U)

[Taylor,VafaGukov,Vafawitten; CY \
GiddingsKachru Polchinski] |:3 | SH3

e No dependence orY’ =! adlitional efécts impotant

a) Non-perturbative comrections toW :W = Wpgyy + Wy
Wpp ! e8!

b) Perturbative (! * or ys) corrections toK




KKLT scenario

[Kachru,KalloshLindeTrivedi]

Look at regime whee K ¢t is negligible:

|Wf3ux| | |Wnp| " 1 [Conlon,Queveda Suruliz]

Ms = Mt

We = Wo+ Ae' 2T | K = Kiree(T, P)
DrWe = 0=! Wo="Ae ¥ (1+ £al)

—— W;p very small

SupersymmetriadS minimaneeds uplift




LargeVolume Scenario (S

[BalasubramaniaBerglundConlon,Quevedo]

o Wo of order O(1) «——— more generic

O DTW E( [BalasubramaniaBerglund]

e ! ' corrections not negllglble [Becler, Becler, Haack|_ouis]

K=12In(V)+..." 12In(V+ 115725+ .
&= —CB)x/ (2(2m)°)
e Look at paticular direction in KShler cone

V2/3 1> 1
!l InV




e Need Calabi-Xu withOSwiss cheesain

[Conlon,Quevedo, Suruliz]




e Need Calabi-Xu withOSwiss cheesain

[Conlon,Quevedo, Suruliz]

/small 4x2-cycle

large 4-cycle ™~ large 2-cycle




e Need Calabi-Xu withOSwiss cheesain

[Conlon,Quevedo, Suruliz]

/small 4x2-cycle

/8

large 4-cycle ™~ large 2-cycle




e Examples inDenef,Douglaskloreal

* Here for simplicity alvays typersurface irP7, ; ¢ ¢




e Example with 2 KShler moduli:

1721 v, alg! Inv (=

e |Large wlume expansion of the potential
(already minimized wt.imaginay pairt of Ts)

12 2|Al%a?" T.€ 297 2alAWg|T.€ 7 3Wo|? S;

+ &

\V -
O /V?) = VS, V2S, 8V3

Voa/va) ]




Minimize wr.t. 's,V :

Tg ~ 8152/3 V | | 3 Sl‘WO‘

alA|

Also mininum inS andU :

$

V! 2 ~V!' 3

v = g G, WD+ Vo y;

Minimum (non-supersymmetriddS;needs uplift
Can be done without changinig,V much

[Conlon,Quevedo, SurulizChoi, Fallowski,Nilles,Olechowski]




How stable ae existence ancehtures of VS
vacua against other cagctions?

o !’ corrections [Conlon,Quevedo, Surulitz]

* No discussion of aditional loop corections In
presence of D-branes/O-planes:

Klein bottle: MSbius strip: Cylinder.

=




1-loop KShler potentic

* Not known for the P, , ; ¢ o model

e Resultbr T/ (Z,! Z,):

| 3
| KD = ¢
| =1

E(K )(U' ) E(W)(U' )
(S+ 9)(T" + P) " (79 + BIY(TK + PX) 1egek

[Berg,Haack,KsSrs]
where [see alscAntoniadisBachad;abe, Patouche Taylor]

EC)(U) = EM)(U) = E4(U) =
(n,m )£(0 ,0) ‘

(Eisenstein seri



e The functioncF4(U) :

SN

\7222
W/ \\{'i-\.j%} 5 “

Gets largedr large Uz : proportional to U;

! Corrections can get largef degenerate tori

Compaed to ! ' correction,1-loop correction is suppessed
In.S but leading Il expansion




Origin of loop corections

e Should generalize to 2-moduli example
E (V)
?

Does one expect carections 'K | S v
1 s




o | EMN(U) :

Exchange of stringajnding aound 1-cycles within
the intersection of tvo D7-brane stacks

'S

/

e Only generalizes if D7-branes intersect (along 2-c

(Not the case In the 2-moduli example)e_g_Curio Spilner




e Closer look at contribution ~ E ) (U)

| t'E<K>(U')+ . EI(Uh)
(S+ BV \ (ST + P

1K () o

/ (toroidal orbiblds)
Weyl-rescaling V=tt!

|1 = t%t3 & pernutations




e Closer look at contribution ~ E ) (U)

! tIE(K)(UI)
+
(S+ 9V

/

K )

Weyl-rescaling

e 2-moduli example:
TSEST(U)

K1) =
S,V

- E(K)(U )

N, ST P
\ (toroidal orbiblds)
V=t
11 = t2t3 & permutations

Ep (V) |

S1V leading wer
| ! 23 | *correction




o V = Vnpl ‘|‘Vnp2 + V3

< 24/2a%|A 7S P 2l
|V

¢ Vnpl —

2a|AW|lse' s 6B
K o 20 ol se |4 25s

Vnpz —=le Slv2 |

6Kcs3‘Wo|2 " w2 P A E(EéK))Z

V3 — 51! 1

+ +
83 3#(3) 52 521

o | | 257 # 3E() E\) gppears aO(V' 19 3)




e The two terms in V3 : (A= 1,Wp =1,
a=21/8" = 1.31)

Js

e Only quantitatie changes

e log, V! " 0.206E + 139 , !'s ~ —-0.603E + 418

e X = 0 possible?




Soft susy beaking term

1 ap a 1 IJKwuw uw n 120 dn n
o Lo = EMa! ' —I—ECL | J K—|—§b | J T+ C.C.

N HE
e These ae determined lp moduli F-terms

e E.ggaugino masses:

1 1 - -
M, = = Filf,
2 Ref J

J

Fl = X2G DoWw




* |n LVS:SM gauge gup arises fom D7-branes
wrapped apund small cycles

Refa! g,°! !s+ ha(S,U)
e However
FY = (without loop corrections)
FS1 V2
Fs1 oy e

11 THS

=1 - _ S! + : |
Mg 2RefaF sfa+(suppressedin V' 7)




)1 14 0((als) ) + OV )

—> Cancellation at leading der

M3/ 2 Mo

Mg | Mo !
" In(Mp/mgp) 0 TV

[Conlon,Quevedo;
Choi, Fallowski,Nilles,OlechowskKil

e Similar ér other soft susy beaking terms
| Abdussalan€onlon,Quevedo, Suruliz]




e \What about loop corections?

FU1 Vv 2

FS1 V2

| K) ’

3 O,  9W,(12aEL )1 S))

FS= 21.e/2\f, | | + o
€0 Zany T 16821, 645,231 3

e |Loop corrections ony gopear sub-sub-leading!




Importance of 1-loop corections?

e Perturbative wolume stabilization  [von GersdorffHebecler:
Berg,Haack,KSrs]

1 ! C
V| v Cl$é)+ \2/(4?‘;)+... <0, >0

e Fiberd Calabi-¥u K3 P,l\
I / tb

- f
For large 1
t,E (K) E (K)

V! tyn | 1K (D)~ -
o S1V ST




Conclusion

0O LVS seems surprisingly robust against
1-loop corrections

0O Additional corrections (N = 1)?

O Large volume from non-Oswiss cheeseO
E.g. toroidal orientifolds or fiber
structure?

0O Perturbative volume stabilization?




