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¢ 6au?ino masses ( feter’s talk )

o Sfermion masses

Tﬁe most severe /olenameno/ogica/ consz‘rainz‘s on

weak scale SUSY come from [FCNC £ CPV

associated with the structure of sfermion masses.

X How natural is it that Sfel'»rion sofi- /oar-amez‘ers

/n Aigﬁ scale mediation Scenarios ( gravity mediation)

preserve  flavor % CFP in flux compactification ?
X Sfermion masses in KKLT flux compactication.



¢ /Doz.‘enzL/'a /// imIDor-z‘anzL origins af sfermion masses
in flux com,oacz‘ificaéian
4) Brane - localized SUSY 5reméin1 stabilized at
the tip of warloea’ throat
B) Moduli mediation determined b)/ moduli stabilization
Flux @ NP effects & perturbative Kihler correction
@ aID/ifi-in? ® --- )
C) Anomalous (1) mediation

D) Ana»ra/)/ mea/iaéian 5 éaafe mea/ia:/-ion I

éene/-ica/// A) % B) do not preserve flavor % CP,
so should be carefu//)/ examined .



' fe?aesferin? of Arane-—/oca/izea/ gUSY éreah'n?

GKP. KKLT, -*:
In Flux com/Dacéicafions' with Warfea/ throat | any

brane -localized SUSY 5rea£in? is stabilized ot He
IR ena’ of Warloed {-Aroaz‘, while He éig[ s‘ca/e ?aafe

cauf/iny unificaéion Su%esz‘s that the visible sector
is localized at the UV end of throat
CY

SUSY éreaki»? brane
throat A _
k/Z = Z+ Z4 +F502'

(or Goldstino Suferfie/a{
/10(= gd_'_ FZ&“
for antibrane )




throat multiplet containing 4D vector field
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/4,49 [ [{ ( §ecy) Q+7; Q + d§y-L) Z+7; Z)
r UV - localized mass ~ Mkk of CY

Py (e )
L bulk mass over the throat

Brane - localized SUSY 6rea£1‘»? (Fz) miﬂi— ?e»erat.‘e

generically family -dependent sfermion masses of O( m, )

Hraug/p He excﬁange of throat vector mu/i-i/o/ei'.
KC , .7&0n7 s Brummer, Hebecker, Tmp/eééi



/ -

for R« L onéz A assoclated with the /’somefr)/ of

the transverse 4-d can have MV < _L/— ]

KC, Jeong ; Brummer, Hebecker, Trapletti ; Kachru, McAllister, Sundrum



If SUsy 5,-”,4,'”7 at the tip preserves [some of ) the

2

isomefr)/ ’ (ﬂA )/’somet7 = 0 % thus Mé, =20.

D3 at the él‘/) of KS tHhroat
S0(4) — so(3) = (0,) =o0

Aéfacﬁi»; the KS throat at CY S’/ig‘i-/)/ breaks SO(4)
KKachru, McAllister, Sundrum
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= SUSY 6reakin? at the LL/'P of war/aea/ throat
js well sequestered from the visible sector
at the UV end , and thus does mot cause
a’an?er-ous FCNC or CPV.



¢ Moduli mediation
yenenc moduli r MSSM gauge fields
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Moduli mediated 5‘07[{- loammez‘ers

V . YY. Kahler

wetric

/(af/unavsky . Louis ;
Ma = FI 9; /n (ke ch ) Rrigno/e, Zbhanez, Muna;g

S 4
~
i\

2= UFY L W CX)

A;;k': F* I, [n YYY,‘)




/Dert'urbai'ive gauge COu/)/iny unificafian

= ﬁ. = unil/erSa./ (far- Syc3) x SU(2) x (/(/))

= T [s Jauge couf/ing ma/u/as)

R(T) = = =~ 2 » L
?G(/T

% Re(T) is stabilized at a large value, and then the

,Deri'uriaz‘ive expansion of S;D controlled 5)/ ReC/T)

(=-7-l.—-exloansion) ,Drow'a/es a yaoa/ ap,bf'ox"'"a{'fon fOf‘ 5;0-

* Axionic shift symmetry 1 Im(T) = InCT)* constant
/S a ?ood sgmmefly wﬁicé migh‘ 5e éroken 6)/ Snm,//
nonlveri'arﬁai'il/e effea‘s 0% 8- (9(7[/?:07 ).



/11!’ /eaa/in7 order in the -%.—-ex/ansion )

Y, = (T"'T*)m %((/,U*) P ﬂijk = Q;J'k(U)
L woduli other han T
If the kinetic terms of @, with seame SM gauge c[aryes

are yeneraéea/ at the same order in the —7/,-— ex/mnsion,

n. =  family -independent ,

VA

and the T-mediated soft terms preserve flavor and CP.



/L/ieml-cﬁica/ Yukawa cou/o/ings

There should be some moduli () (= flavon moduli )
which have highly family - dependent couplings to @Q; :

-k U ( wavefunction focalization
/IL-J,( ~ € instanton , -- -

for Flavor conservation , flavon moduli should be
a’ecoap/ea’ from SUSY breakiny [FU =0 )

F/ax stabilization of f/avon mo/u/i 'nai-ura//)/ /eaJs
to S'aCA a’ecoulo/in(? ! KC, Falkowski . Nilles, Olechowski ; Conlon

¥ fluxes are ?aanfizea': Flux -induced MU ~ M, > M,

¥ TyP/'ca//)/ T £ U have different i'opo/ogica/ origin ,
e.g. T ~ even-cycle volume % () ~ oda’-cyc/e volume

? F/uxes S'fdli/ilfhg (/ ala not f-oucA on T,



4 D effective SUGRA action

S'(/GRA Camlpensm.%k 0 =-3¢ K/3
/d"ﬂ cct Qv T+T, @.9")

" /429 Cs[ M{q“x((/) + Acl) e

Eq . of motion for U under 6ack?rva»c/ C, T&XK @
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Bec* B2 + O (W, toW) =
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’ [w,oersymme{‘ric mass In g/oba/ Susy [limit




When M, CUs) ~ M, > M, the solution for

Flux -stabilized heavy moduli (/ can be ex/oanJeal as
‘t- imle/oe»a'emf of light s'aperf:elds

£ 00U T+
Uce,T.@) = U, [J(C ngTTQQ)

+ QAW(Uo,TQ) ] + 0(M2 )

(.5’~/=C~FT~AW ~ My~ Ty )
up to the little hierarchy factor ~ In( Mpz/”’%)

= % FU= (9(”322/MU) < FC,FT
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¥ Mon-flux stabilization of the gauge coulo/ing modulus
at a large value ( Pe(T) = 2 > “an ) for which
the /eao/ing order Kahler ,Dorf'en{-ia/ in the -71- - expansion
S & ?ooa/ appraximal-ion,

* Flex stabilization of flavon moduli maﬁin? all flavon
moduli a/ecou/a/ec/ from SUSY breaﬁfnj.

= flavor £ CP canserviny qauge couF/in? modulus mediation

M = T+T (/+ (9( , 1’&))
o= T+T* (H (9( ’ Eﬁ))
A;Jk = (77;'*”‘;"'}7;:) FT (/+ O( :’7’: , m%))

K,
e 2 =

(ﬂ‘- = moduli (or sca/in?) weigh‘ : o« (T+T ) )



Modular wei?H's can be determined b/ S‘im/a/e S‘ca./inj

aryumen'l' Z axionic s[ift' symmeff- .
(onlon, Cremades, Quevedo

¥ dim ( gauge) = dim ( matter) = dim ( Yukawa) > 4
2> M = I/3 ( > feterotic dilaton domination )
* dim (yauye) = dim (matter) Y 4 , dim ( Yukawa) = 4

¥ dim (gauye) = 8 , dim(matter) = 4, dim ¢ Yukawa ) = 4

> o, = //2
¥ dim (3"'“33) > 4 dim ( matter) = dim ( Yukawa ) = 4

%77;,:0



‘ Anoma/ous Ucl) mea/im_Lion

Anomalous (/(1) - mediated sofi- masses S'evere/)/ a’e,oena/

on the Kiahler Iooi-em.‘ia/ of the corres/oona/ing &S modulus.
Arkari- Hamed , Dine . Martin

(ase that the perturbative Kahler Poéenz‘ia/ of the GS
modulus is a good approximation i . Teong

+ EV
-—ae_/%: —3£V + é XeX+£Q€ @

(,{-V= T+T -8,V with §_ = (9(3,—77,_))

[ gauge coupling modulus being the &GS modulus

_ /M XX+ s massive yecfar su/erf/ela' Wli'é M MPZ

V=

~o

V
T=T-4, In X : light gauge invariant gauge coupling modulus



Eg. of motion for

_9_./(_. = () ( Upon iynorin g superspace derivatives )

IV
> Vo 3(F+F)T & constant
appropriate field redefinition
eff
(reres )i ate® o, L (7 @0
with nfﬁ= n. + (n+1-1) %

Mediation é)/ the massive anomalous Ull) vector Sa/oerfie/c/
V=V-"h XXt can be included in the light modulus
mediation 5)/ T=17- So In X with appropriate change
of moduler weights , and preserves flavor and CP if
2. are family independent.



¢ Stermion masses in KKLT cam/)acéificaz‘ion
KC ., Falkowski, Nilles. Olechowski

% Flux stabilization of flavon moduli
x ﬁ/onperturéa{-ive stabilization of gange coup/iny modulus

% Brane-localized SUSY breaking at the éilo of throat

% "
[a% et [-3cTer + (T+ T @ Q + 2, (22

v [do [FTW"WL + (vt AT+ @) |
Ina’elpendené-/)/ of the detailed form of -Q/,-ft- L Wi

C
% T ~ -—/— C ~ F - 175-2
F F 37[2 [ a = N )
I uplifting vacuum energy
2 2%
x -3 [FC| + [F = O (Vanisbi»? C.C )

L SUGRA AdS vacuum energy




o Vacuum energy a'ensif/ ¢ -3 //_-,-c/"e /leze s'alleaa’ing

modulus mediation - rcﬂ”o'm/y mediation
o Soft SUSY breaking masses : FTe QTFz' ® subleading

(Moc/u/us mea/iafion -~ Anoma/)/ mec/ia{-fon)

= Mira ge unifica{-ion Of s,oa/-f-ic/e masses
KC., Jeong , Okumura.
r FT/[T-i-T*) d

M- ;f;“??z¢”"/%‘“fe4“)]
) , \ M’D”"e
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T‘ Ist & 2nd general-/ons with small Yukawa couflmys
10
Mmira?e = V”’?/z MGIIT ~ [0 661/

Ma c/n




mediation /oai-i-ern
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/ Conclusion

& flux cam/oaci-i;[icd-ion can /Drovic/e a gaoa/ framework
fo,- Flavor £ CP conserl/ln? graw‘f)/ mediation

Ona'er- certain r‘easonaé/e assum,o{-ions , ome can

Aave concrete /orec/icfions on s/m/—z?ic/e masses ,

which migH- be tested at the LHC .
( mores in Peter’s talk )



