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Motivation

Better understanding of the vacuum structure
of type |IB compactifications with fluxes

Soft supersymmetry breaking terms from
string theory (direct relevance for LHC!)




OVERVIEW

» Review type IIB compactifications with fluxes
 Large volume scenario
* Soft susy breaking terms

Eftects of string loop corrections

Outlook




Type |IB

® Massless (bosonic) spectrum:

gun, ¢, Bun, C, Cun, Cunpg

e |0O-dimensional action:

Sri ~ /d10$\/—g{6_2¢ [R—I— (a¢) ] —F12 — Gg - GS —ﬁg}

+/6¢C4/\G3/\G3
with G3=F;—SHs , S=¢ % 1iC,

and ﬁ5:F5_%02/\H3—|_%BQ/\F3




e Type |lIB string has symmetry under orientation
reversal of the string worldsheet; mod out this
symmetry — orientifold (reduced supersymmetry)

e Calabi-Yau compactification of |IB orientifold
— N =1, d = 4 supergravity

® Moduli problem

Complex structure: U“ (number given by r%1)
Kahler: 77 = 717 + 7@ (number given by p1:1)
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Background Fluxes

lIB string theory contains 2-form fields

Kinetic term in 10 dimensions:

[ % VG Fuagy GG GRY

Internal components G of the metric
correspond to the moduli fields

(Fi;k) # 0: Potential for the moduli

[Polchinski, Strominger]

/dlox\/ —( Gg : Gg — Waux = / Gg A\ Qg
CY

[Giddings, Kachru, Polchinski]
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Waux leads to potential for dilaton and c.s. moduli

Compactification manifolds stays Calabi-Yau (in |IB!)
KKLT: [Kachry, Kallosh, Linde, Trivedi]

Additional contribution to superpotential
from D7-branes wrapped around 4-cycles >/

Gaugino condensation on D7:

ftree o

Supersymmetric minima:

DpiW = DyaW = DWW = 0




Drawbacks of KKLT

* W = Waux + Wnp — W<S, U) + A(S, U)e_aT
K=-In(S+5)—3Wn(T+7T)+ K(U,U)

e Stabilization of S and U by DyW =0 = DsgW
W:W() A(i_aT; T:T—|—Zc
DrW =0= Wy =—Ae “"(1 + %aﬂ')

—> Wy very small




Supersymmetric minimum is AdS:

[Kachru, Kallosh, Linde, Trivedi]




® Supersymmetric minimum is AdS:

One needs uplift mechanism

€

Voz

V= (G“DIWDJ 3|W\2)

® Generically the mass matrix has negative eigenvalues!

[Choi, Falkowski, Nilles, Olechowski, Pokorski]

® (Case by case study necessary
[Lust, Reffert, Scheidegger, Schulgin, Stieberger]




Large Volume Scenario (LVS)

[Balasubramanian, Berglund, Conlon, Quevedo]

o Wy oforder O(1) «—— more generic

@) DTW # 0 [Balasubramanian, Berglund]

e o'-corrections not negligible [Becker, Becker, Haack, Louis]

K=-2InV)+... = —2In(V + %555/2) + ...
&= —C(3)x/(2(2m)%)

® Look at particular direction in Kahler cone

VI3 > 1 (Y~ 10%1)

Ty N an




® Non-supersymmetric AdS minima

® Generically no tachyons after uplift (cf. below)

® [nteresting pattern for soft susy breaking terms,

[Conlon, Quevedo;

€.8. 8augino masses Choi, Falkowski, Nilles, Olechowski]

m3/2 M,y

MaN mg/zN—

ln(Mp/mg/Q) 7 V




® Non-supersymmetric AdS minima

® Generically no tachyons after uplift (cf. below)

® [nteresting pattern for soft susy breaking terms,

[Conlon, Quevedo;

€.8. 8augino masses Choi, Falkowski, Nilles, Olechowski]

m3/2 M,y

MaN mg/zN—

ln(Mp/mg/z) 7 V

Question: What effect do string loop
corrections have on LVS!?




ReVi cwW LVS (continued)

® Need Calabi-Yau with:
* Basis of 4-cycles with x =1 [Witten]

* “Swiss cheese’ form [Conlon, Quevedo, Suruliz]




ReVi cwW LVS (continued)

® Need Calabi-Yau with:
* Basis of 4-cycles with x =1 [Witten]

* “Swiss cheese’ form [Conlon, Quevedo, Suruliz]

/small 4x2-cycle

A

large 4-cycle \ large 2-cycle




* |e.
3/9 3/2 3/2
V:Tb —( E (17;7'7;) —...—( E brﬂ'z)

® Examples in [Denef, Douglas, Florea]

* Here for simplicity always hypersurface in Py, | | ¢ o




¢ Look for minimum with

TE/QNV, ats ~InY (= e = ~ V)

® large volume expansion of the potential
(already minimized w.r.t. imaginary part in 1)

122 A|2a?\/T5e729Ts  2a|AWy|Tse 27
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Minimize w.r.t. 7s, V :

1/3 /S TV,
Ty ~ 3152/3 ’ Y ~ f a‘141| O‘eaTS

Also minimum in S and U :

V = eKGa’EDaWDgV_V + VO(l/VS) + ...

N e\ — e’
NV_Q NV—S
Minimum (non-supersymmetric) AdS; needs uplift

Can be done without changing 75, ) much

[Conlon, Quevedo, Suruliz; Choi, Falkowski, Nilles, Olechowski]




Soft susy breaking terms

o Lot = —(%Ma)\a)\a’ +ia" R oo oK + %b”¢f¢J) + c.c.

—(m*)" 7,
® These are determined by moduli F-terms

® E.g.gaugino masses:

1 1
Ma:— Faoza,
2Refaz Oaf

84

Fe = GK/QGaiDZ’W




® |n LVS: SM gauge group arises from D7-branes
wrapped around small cycles

Ref, ~ g% ~ Ty + ha(S,U)

e However

FY =0  (without loop corrections)
F>=y~?
F* =y~

~1

~ . .
F 0, fq+(suppressed in V™)




4 .
® In P[171’1,6,9] mOdel.

3

dar,

Fs=27,e5/2, ((1

)~ 1+0((ars) ™)) + O(V2)

—> Cancellation at leading order

TN
3/2 [Conlon, Quevedo;

ln( M, / ms /2) Choi, Falkowski, Nilles, Olechowski]

® Similar for other soft susy breaking terms

[ Abdussalam, Conlon, Quevedo, Suruliz]




How stable are existence and features of LVS
vacua against other quantum corrections!?




How stable are existence and features of LVS
vacua against other quantum corrections!?

O (X/-Corrections [Conlon, Quevedo, Surulitz]




How stable are existence and features of LVS
vacua against other quantum corrections!?

O Oé/-Corr’eCtions [Conlon, Quevedo, Surulitz]

® No discussion of additional loop-corrections in
presence of D-branes/O-planes:

Kleinbottle: Mobius strip: Cylinder:

=




|-loop Kahler potential

* Not known for the P7, | ; ¢ o model

o Result for T°/(Zy x Z5):

K1) _ Z ( Ey(U7) E(U7)

S+ S)(T! +T7T) " (T7 + T (TK + TK) K;él;é,]}

I=1

Berg,Haack,Kc
where ¢ = 15/(27-‘-6) and [Berg,Haack,Kors]

(Eisenstein series)




® The function cFE>(U) :
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o Gets large for large Us : proportional to U;

— Corrections can get large for degenerate tori

/ . . .
® Compared to « -correction, |-loop correction is suppressed

in S- but leading in T-expansion




e Generalization to IP)Ell 1,1,6,9] model?

EU)

!
SlTS

Does one expect corrections 0K ~

® Could lead to very strong constraints for LVS




Origin of loop corrections

® Exchange of Kaluza-Klein modes m%(K ~ ¢!

AN

3’3 2-cycle volume

This effect should generalize to P}, , , 4 ;model



® Exchange of strings, winding around |-cycles within
the intersection of two D7-brane stacks

Ts




® Exchange of strings, winding around |-cycles within
the intersection of two D7-brane stacks

* However:In Pﬁ 1 1,6,0ymodel the D7-branes do not

intersect —> does not generalize (other models?)




® Closer look at |-loop calculation; it actually gives

/ d*z/—g {f/e_%R + ' 0y10g1 B (U0, U OHU! + .. }

= L

Weyl 4 |
re?ali)ng/d Ly _Q[R |

® Get old result by using:

Yy =¢!71

1 =¢*3 (& permutations)




® More plausible form of |-loop corrections:

B (U

S,V % +

VB W) (BN W) B )
VTsV VTV

with unknown functions E{%)(T), E,SK)(U)

b s :>\/7__bE(§K) EéK) more leading

than

eV Tb
o’-correction

SV S V2/3




o |V = Vnpl _|_Vnp2 _|_V3

K., 24+/2a2| A|2r2/? e =20
AV

O Vnp1 -

2a|AWy|Ts€™ 7 m 6B
S1 V2 A

KCS
Vnp2 — — €
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V3 — 6Kcs

o A=+2571,—3E) EISK) appears at O(V~10/3)




e The two terms in V3 :

(A=1,W, =1,
a=27m/8,& =1.31)

hiﬁﬁﬂ‘ﬁ%ﬁﬁﬁ—
=

i L i

o ijff

® Mainly quantitative changes

o log,oV ~ —0.129E%) 113.99 , 7, ~ —0.379E%) + 41.98

e X =0 possible?




® What about gaugino masses?

Before there was a cancellation in F'°

® }7(]:)/_2

F>=p~?

3 9, +9W0(12aE§K)—51)+ )
dat, 16a2T, 64S1a373 o

F? ZQTSGK/2WO(—

® Loop corrections only appear sub-sub-leading!




Conclusion

O LVS seems surprisingly stable against
1-loop corrections

s owr conjecture right?
Further corrections? (Higlfuer Loops? o/?)

Perturbative volume stabilization?

Departure from “swiss cheese” form?




Winding strings in a CY?
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