On the role of guantun
corrections In (3ux
compactipcations

Michael HaacKlLMU Munich)
Nis, March 23

hep-th/0508043 (with MBerg B.Ksrs)
work in progress with MBerg,E.Pajer




Motivation

e Better understanding of the vacuum struatur
of type |[IB compactibcations with s

e Soft supersymmeyr breaking terms fom
string theoty (direct relevance ¢r LHC!)




Over view

¥ Review type |IB compactibtians with [3urs
¥ Large wlume scenario

¥ Soft susy l@aking tems

¥ Effects ofstring loop carections

¥ Qutlook




Type |IIB

e Massless (bosonic) spectrum:

oun, 'y Bun, C Cun, Cunro

e 10-dimensional action:
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e Type IIB string has symmegtunder orientation

reversal of the string wrldsheet/mod out this
symmetly =! orientifold (reduced supersymmefy

Calabi-4u compactibcation of 1I1B orierid
=t N =1, d= 4 supergraity

Moduli poblem

Complex structue: U: (number gien

KShler

= 1) +iC))  (number gien
)/ AN

volume(2}) Gy




Backgound Flues

¥ 1B string theoy contains 2drm belds

¥ Kinetic term in 10 dimensions:

¥ Internal componentss'  of the metric
correspond to the moduli Pelds

¥ IF; " # 0:Potential br the moduli
[PolchinskiStrominger]
* |

CY

[GiddingsKachru Polchinski]




N N b £ = RN

N = 1, d= 4 Super gravity |
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~m K KShlerpotential

K g =

f ap gauge kinetic function (holomorphic)
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DW! I, yw+1,Kw W Superpotential (holom.)
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Wrux leads to potentialdr dilaton and cs.moduli

Compactibcation mawiids stys Calabi-au (in II1B!)

KKLT: [KachruKalloshLindgTrivedi]

Additional contribution to superpotential
from D7-branes wrpped abund 4-cycles !

Gaugino condensation on D7:
| af !
Wpp ! € °
fl .=T =7 +iC

tree

Supersymmetric minima:
Dt;W =Dy W= DsW = 0C




Drawbacks of KKIL

e W = Wgyx + Wpp = W(S,U) + A(S,U)e’ &'
K =11In(S+S)! 3In(T+T) + Kes(U, U)

e Stabilization ofS andU by DyW = 0= DsW
W=Wy+Ae'?" , T=7+iC
DrW =0=! Wo="Ae *(1+ za!)

—> Wy Vvery small




Supersymmetric miniom ISAdS:

V

[Kachru,KalloshLindeTrivedi]




e Supersymmetric miniom isAdS:
One needs uplift mechanism

V!

V=e GPD,WDM! W2 +

e (Generical the mass matrix has negatigigenalues!
[Choi, Fallowski,Nilles,Olechowski,Pokorski]

e Case ly case study necessar
[LYst,Refert, ScheideggeBchulginStieberger]




LargeVolume Scenario (S

[BalasubramaniaBerglundConlon,Quevedo]

o Wy of order O(1) «—— more generic

O DTW # 0 [BalasubramaniaBerglund]

o !’-corrections not negligible  [BecterBecler, HaackLouis]

K =12In(V)+..." ! 2In(V+ 318)%) + ...
=1 "(3)#/ (2(2%)3)

e Look at paticular direction in KShler cone

VA3 oy >1 (V ~ 1015)
1,1 InV




e Non-supersymmetriddS minima

e (Genericaly no taclyons after uplift (cfoelow)

e [nteresting patterndr soft susy beaking terms,

[Conlon,Quevedo;

€.g. gaugino masses Choi, Fallowski,Nilles,Olechowski
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e Non-supersymmetriddS minima

e (Genericaly no taclyons after uplift (cfoelow)

e [nteresting patterndr soft susy beaking terms,

[Conlon,Quevedo;

€.g. gaugino masses Choi, Fallowski,Nilles,Olechowski
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Ma! Mg/ o ! v

INn(Mp/m 3;5) °

Question:What efiect do string loop
corrections hae on LVS?




Ra/ | ew LVS(contirued)

e Need Calabi-&u with:
* Basis of 4-cycles with = 1 [Witten]

* OSwiss cheesafnf [Conlon,Quevedo, Suruliz]




Ra/ | ew LVS(continued)

e Need Calabi-au with:
* Basis of 4-cycles with = 1 [Witten]
* OSwiss cheesa(nf [Conlon,Quevedo, Suruliz]

/small 4x2-cycl

/8

large 4-cycle \ large 2-cycle




* |.e

V=122

e Examples inDenef,DouglaskFlorea]

* Here for simplicity alvays typersurface irPf; ; ;¢ o

* h1,1 = 9
h2,1 = 2/z
1

* V= —'—9. 5 7'5/2" 7‘3/2




e Look for minimum with
17210 v, alg! InV (= &2 Vv

e |Large wlume expansion of the potential
(already minimized wt.imaginay patrt in Ty)

_ 12 2JA|%a? Tge' s 2alAW|lse s 3Wo|2 S,
Voqrve) = VS, V2S, " 8V/3

Vo /ve) ]




Minimize wr.t. 's,V :
s gy \Wo\

|| 8112/3 \/ |
T alA|

Also mininum inS andU :

f
V = ¢ G*DgWDg+ Vou/ vy +

$

IAVARE IAVARE

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

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




Soft susy beaking term

— - 1 aj] a I1AlIJK o o n 1 Ju n
® I—SOft = | zMa! | <+ Ea | J K T Zbl | g *+ C.C.

L (m*)' ¢y b

e These ae determined lp moduli F-terms

e E.ggaugino masses:




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

Refa! g,°! !a+ ha(S,U)

e However
= (without loop corrections)

:\/!2
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o In P60 Model:

o)1 14 0((ars) ) +O(V?)

F o= 2rse/° Wy (1!

—> Cancellation at leading der

T
Ma I 32 [Conlon,Quevedo;

In( Mp / M3y o) Choi, Fallowski Nilles,Olechawski

e Similar ér other soft susy beaking terms

| Abdussalan€onlon,Quevedo, Suruliz]




How stable ae existence andeftures of VS
vacua against other guantum cections?




How stable ae existence andeftures of VS
vacua against other guantum cections?

o | !-CorreCtionS [Conlon, Quevedo, Surulitz]




How stable ae existence ancefitures of VS
vacua against other guantum cections?

o | !-Corrections [Conlon,Quevedo, Surulitz]

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

Kleinbottle: MsSbius strip: Cylinder.

=




1-loop KShler potentic

* Not known for the Pf; , , 4 o; Model

e Resultbr T°/(Z,! Z,):

!3
KO = ¢
| =1

Ex(U) E(U) %
(S+ (T +P) (1T9+ P))TK + PKX) Keled

Berg,Haack,KS
where ¢ = 15/ (2! °) [Berg,Haack Ksrs]

! U22

(Eisenstein series)
(n,m )E(0 ,0)




e The functioncE,(U) :

SN

\7222
W/ \\{'i-\.j%} 5 “

Gets largedr large U : proportional to U5

! Corrections can get largef degenerate tori

Compaed to ! "-correction,1-loop corection is suppessed
IN S- but leading IM-expansion




L A
* Generalization toPy, ; ; ¢ o model?

Does one expect carections ! K !

e Could lead to ery strong constraintsdr LVS




Origin of loop corections

e Exchange of Kaluza-Klein modesg ! t

N

!/s 2-cycle wlume

This eféct should generalize ) , , 4 o, Model



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




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

* However:In P}, ; , § ymodelthe D7-branes do not

Intersect=1 does not generalize (other models?)




e Closer look at 1-loop calculatioit;actualy gives

T
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e Get old result by using:

y=1tr
1= t%t3 (& permutations)




e More plausibledrm of 1-loop corections:

: K ! K W W
o~ BECW | TEF W) [ EMV L) | BT
SV SV RY, TV

with unknawvn functionsg (K (U), EL) (U)

e Note:

Eng) more leading
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= Vhpr + Vhp2 + V3

" AL 3/2
i 24 202 |APT % 2

appears ato(V' 193




eThe two terms in V3 :

(A=1W, =1,
a=21/8" =131

r.r,ffﬁjﬁ,w
=

e Mainy quantitatie changes

o log,, V! " 0.129E(K) + 139¢ , 1,1 " 0.37%€ ") + 41.9¢

o ! =0 possible?




e What about gaugino masses?

Bebre there was a cancellation i

_V!Z

V! 2
!
S — Z!SeK’ZWO o

3 M O, (12aEK) — 5)) . "

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




Conclusion

LVS seems surprisingly stable against
1-loop corrections

Is our conjecture right?
Further corrections? (Higher loops?® ?)
Perturbative volume stabilization?

Departure from Oswiss cheeseO form?




Winding strings in a C
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