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1. Introduction

Low energy supersymmetry (SUSY] [1] is one of the prime candidateshfgsips beyond the
standard model at the TeV scale which will be probed soon at the LHCk@&nguestion on low
energy SUSY is the origin of soft SUSY breaking terms of the visible gaugensuperfields in
low energy effective lagrangian. Most phenomenological aspectswoéiergy SUSY are deter-
mined by those soft terms which would be induced by the auxiliary componests® messenger
superfields[[2]. To identify the dominant source of soft terms and deterlmmenergy superparti-
cle masses, one needs to compute the relative ratios between the auxiliagnentspof different
messenger fields. This requires an understanding of how the mess$iefdgerare stabilized at a
phenomenologically viable vacuum.

In string theory, moduli fields (including the string dilaton) are plausible whtds for the
messenger of SUSY breaking [3]. In addition to moduli fields, the 4-dimeasisupergravity
(SUGRA) multiplet provides a model-independent source of SUSY brgatdfied anomaly me-
diation [4], which is most conveniently described by the 4D SUGRA compensaecent KKLT
construction [[5] of de Sitter (dS) vacuum possibly stabilizing all moduli ineTY string theory
has led to a new pattern of soft terms nametirage mediatioh[@], [4]. In KKLT compactification,
4D N = 1 SUSY is broken by anti-brane (or any kind of brane providing SU8¥%king dynam-
ics) stabilized at the IR end of warped throat. On the other hand, the visitilerss favored to be
localized around the UV end of throat in order to realize the high scaleegeaupling unification
atMguT ~ 2 x 1018 GeV. It turns out that in such setup the visible sector soft terms are detgmin
dominantly by two comparable contributior]$ [6]: the K&hler moduli mediation aedttomaly
mediation. The resulting soft parameters are unified at a mirage messeafgehigrarchically
lower thanMgy T, leading tosignificantly compressed low energy superparticle mai§&é com-
pared to other mediation schemes such as mSUGRA, gauge mediation and anwdaliion.
Furthermore, under a plausible assumption, mirage mediation provides mareteopredictions
on the superparticle masses, which have a good chance to be tested BiGhethe gluino or
squarks are light enough to be copiously produced. In fact, the twanggedients of mirage
mediation, i.e. (i) brane-localized SUSY breaking at the IR end of warpedgtry and (ii) non-
perturbative stabilization of the gauge coupling modulus, might be realizedii@ gemeric class
of string theories or brane model$ [7]. In this talk, | discuss some featfi@dSY breakdown that
occurs at the tip of throat as in KKLT-type compactification, and also the tewgy superparticle
spectrum in the resulting mirage mediation scheme.

2. 4D effective action of KKLT-type compactification

One important feature of KKLT-type compactificatiof} [5] is the presencevarped throat
which is produced by 3-form fluxe§|[9]. The compactified internal sgamsists of a bulk space
which might be approximately a Calabi-Yau (CY) manifold, and a highly watpeght attached
at CY with SUSY-breaking brane stabilized at its IR end. In such geontéyhulk CY can be
identified as the UV end of throat. To realize the high scale gauge couplifigation, the visible
gauge and matter fields are assumed to liv®diranes stabilized within the bulk CY.
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The 4D effective theory of the KKLT-type compactification of Type lIBirsgrtheory includes
the UV superfieldsbyy = {T,U, X} andV?, Q', whereT andU are the K&hler and complex struc-
ture moduli of the bulk CYY2 andQ' are the gauge and matter superfields confined on the visible
sectorD branes, anX denotes the open string moduli on thaddoranes at the UV side. There
are also 4D fields localized at the IR end of threbg = {Z,A%}, whereZ is the throat (complex
structure) modulus superfield parameterizing the size of 3-cycle at thedRaadA\“ is the Gold-
stino superfield confined on SUSY-breaking brawkich might be an anti-brane as in the original
KKLT proposal or any kind of brane providing SUSY-breaking dynasmia the rigid superspace
limit, the Goldstino superfield is given bf/ J10]

1

a_
A =z
Susy

EY 109+ ..., (2.1)

whereé? is the Goldstino fermion, and the ellipses stand for the Goldstino-dependéet lorder
terms in theB-expansion. In addition to the above UV and IR fields, there is of coueséh
SUGRA multiplet which is quasi-localized in the bulk CY, and also the string dilatpedieldS
whose wavefunction is approximately a constant over the whole interaaésp

The 4D effective action of KKLT-type compactification takes the form:

/d“x\/Q [/ d*eccr {—3exp<—§> }
4 {/dze <3’1fawa"W§+C3W> +h.c}] (2.2)

wheregyy is the 4D metric in the superconformal fran@2= Co + FC62 is the 4D SUGRA com-
pensatorK is the Kahler potential, anfl, = T + 1S (I = rational number) are holomorphic gauge
kinetic functions which are assumed to be universal to accommodate thedailghgauge cou-
pling unificatiorf. The UV and IR fields are geometrically separated by warped throat, thus a
sequesterettom each other i /3

K
—3exp(—3> = luyv +TR, (2.3)

where

rUV = rl(JOV (S+§,¢UV,¢6v) +%(S+§>¢UVa¢GV)Qi*Qi7

)
() . C? L, ) .
IR = 1IR (S+S%,2,Z2") + ?/\ MR (S+S.,2,Z")+h.c
+ CCNAN?TB(8S,2,2) + .., (2.4)

wheredyy = {T,U,X}, andlr is expanded in powers of the Goldstino superfiédfiand the
superspace derivativ€ = {d,,Dq,Dg }. The above effective action is written on flat superspace
background and the SUSY-breaking auxiliary component of the 4D SAJ@RItiplet is encoded

1There can be other IR fields, e.g. the position moduli and gauge fiefdmed on SUSY-breaking brane. Those
IR fields are not considered here as they do not play an importantomiled transmission of SUSY breakdown.
2Heredfa/dT = 1 can be considered as our normalization conventioh. of
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in the F-component of the compensator In the superconformal gauge in whiéh= Cy+ F¢62,
the 4D action is invariant under the rigid Weyl transformation under which

Coe®C, oS, - PTIGE, 0T eTHgY AT e TN (25

whereg is a complex constant, and this determines for instanc€itiependence df|r.
The effective superpotential of KKLT compactification contains threegqsiec

W = \Nﬂux +Wnp+VVYukawa7 (2-6)

where the flux-induceblyy stabilizingS U, Z, X includes the Gukov-Vafa-Witten superpotential
Wevw = [(Fs—4miSHz) A Q, whereQ is the holomorphig3,0) form of the underlying CY space,
Wi is a non-perturbative superpotential stabilizifigand finally Wyykawa denotes the Yukawa
couplings of the visible matter fields. Generically, each piece takes the form:

Nrr 2
_(a YRR
Whax = (F (U X) + 55ZInZ+ 0(2%))
—4ms(%(u,X)+Nst+ ﬁ(zz)),
Whp = o7 (U, X)e 8 aT+hs)

Wiakawa = 2hik(U, X)QQIQ 2.7)

whereky, |, are rational numbers\rg, Nys are integers defined d$gg = [5 F3,Nns = — 5 Hs,
where¥ is the 3-cycle collapsing along the throdtjis its dual 3-cycle, andr; andHg are the
RR and NS-NS 3-forms, respectively. Hetés defined ags; Q = Z, and thenfs Q = Z—}ﬂZInZJr
holomorphic [9]. In the above, we assumed that the axionic shift symmeffy bé. T — T+
imaginary constant, is preserved Wux andWyykawa While it is broken byW,,. To achieve an
exponentially small vacuum value &f which corresponds to producing a highly warped throat,
one need®Nrr/Nns to be positive. The exponential suppressioMgj in the large volume limit
Reg(T) > 1 implies thatk; is positive also.

The above 4D effective action of KKLT-type compactification involves nramgel-dependent
functions of moduli, which are difficult to be computed for realistic compactitica Fortunately,
the visible sector soft terms can be determined by only a few information orothpactification,
e.g. the rational parametdrkg, |, in fa andW,, and the modular weights which would determine
the T-dependence o, which can be easily computed or parameterized in a simple manner. In
particular, soft terms angractically independenf the detailed forms dfl(JO\),, Mg, #, 0, o/ and
Aijk. This is mainly because (i) the heavy mod@li= {S U, X} stabilized by flux have negligible
F-componentsE® /d ~ mg/z/m@ < my,/81, thus do not participate in SUSY-breaking, and (ii)
the SUSY-breaking IR field& andA“ are sequestered from the observable sector.

The vacuum value of is determined by, and related to the metric warp facet* at the
tip of throat as

Z~ exp( — 8n2NRRso/NNS) ~eA (2.8)

whereS, is the vacuum value db determined byDsW = 0. Since the scalar component@C*
corresponds to the conformal factorgf, which can be read off from the Weyl transformation
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([-3),Cin I should appear in the combinati@&* ~ CZ'/3. Then theC-dependence determined
by the Weyl invariancd (2.5) suggests][11] that

MR ~ (2Z)% ~ @,

r~z~e*
Ma ~ (2273 ~ e (2.9)
for which
FZ
~ o~ 2.10
mz ~ — (2.10)

as anticipated. Here and in the following, unless specified, we use theitmibe/ 4D Planck scale
Mp| = 1/,/8TGy = 1.

The SUSY breaking at the tip of throat provides a positive vacuum grakmngsity of the order
of Md sy ~ €. This positive vacuum energy density should be cancelled by the neGiGRA
contribution of the order orhg/z, which requires

Mg/ ~ €, (2.11)

One then finds the following pattern of mass scqles [6]:

1
M ~
SUXT MZR
my ~ &*Mg; ~ 101°GeV,
Mg/2 my
Meoft ~ ~ ~10°GeV, (2.12)
o In(Mpi/mgj2)  [IN(Mpi/mg5)]2
wheremgy denotes the soft masses of the visible fields, e.g. the gaugino massese st
scaleMg; and the CY radiu are given byMg; ~ & ~ 107 GeV.

The heavy modul§ U, X and the throat modulua couple to the light visible fields arid only
through the Planck scale suppressed interactions. Those hiddenfeddican be integrated out
to derive an effective action &f2,Q', T and the Goldstino superfieli® renormalized at a high
scale neaMgyr. After this procedure, the effective action can be writter{laf [6, 7]

/ d*x/g [ / d*6CC Qet + { / d20 (ifgﬁwa“w§+c3weﬁ) +h.cH  (213)

~ 10'°GeV,

where
e =T +1S,,
Quit = — 3eKo/3 1 %Qi* Qi Yol P
_ (eSACC*Z/\er h.c),
Wer = vio-+ e P9 L 20, 9QI, (2.14)

whereSy = (S), Ko = Ko(T + T*) is the K&hler potential oT, €°/3% is the K&hler metric ofY,
P andl g are constants of order unity, and finally is the vacuum value oM. Note that
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at this stage, all o8, Zjixt, o, S, Wo, and.e correspond to field-independent constants obtained
afterS U, X andZ are integrated out. As we have noticed, the condition for vanishing cosinalog
constant requires

ON
Wo ~ €A ~ g 8IS (Io _ 3sz > 0), (2.15)

and the weak scale SUSY can be obtained for the warp factor e&tue 1014, For such a small
value of warp factor, one finds that the vacuum values dffR@nd the SUSY-breaking auxiliary
components are determined as follawdependently athe moduli Kahler potentidy [8, [{]:

KRET) = (lo—11)Re(Sy) + & (1)

4712

F¢ 1
c ~me (14 (5m))

- i (5)
T+T*  lo—l1In(Mpi/mg)7) 4 ) )’

FSUX Mz < mi,f (2.16)
Msu X 8rr

Note that RéS), Re(T) andg% = Reg(T) +IReg(S) are all required to be positive fég > 0 and
lo > 0, implying T

lo—I1 >0, lg—I1+kil > 0. (2.17)

One of the interesting features of SUSY breaking at the IR end of thradhaé sequestering
property, i.e. there is no sizable Goldstino-matter contact term:

ANPCC APA?Q*Q (2.18)

in Qe of (2-13), which would give an additional contributim? to the soft scalar mass-squares.
This amounts to that there is no operator of the f¢f#@"*)1/3Q* Q' or (2Z*)%3A2A2Q* Q! in e K/3

of @.3). SinceQ' andA“ are geometrically separated by warped throat, such contact term can be
generated only by the exchange of bulk field propagating through thatth®imple operator
analysis assures that the exchange of chiral multiplet can induce onhherlagder operator in

the superspace derivative expansion, while the exchange of ligtirvaaltipletV can generate

the Goldstino-matter contact term wilmé ~ (Dy ), whereDy, is theD-component o¥ [[L2, [[3].

Quite often, throat has an isometry symmetry providing light vector field whicthihggnerate

the Goldtino-matter contact term. However, in many cases, the isometry veclipletidoes

not develop a nonzerD-component, and thereby not generate the contact fefn{ 12, 14]. As an
example, let us consider the SUSY breaking by &8ibrane stabilized at the tip of Klebanov-
Strassler (KS) throat which has 8@(4) isometry [1p]. Adding antD3 at the tip breaks SUSY and
alsoSQ4) down toSQ(3). However the unbroke8Q(3) assures that th8Q(4) vector multiplets
have vanishindg-components, thus do not induce the Goldstino-matter contact term. In fiact, th
is correct only up to ignoring the isometry-breaking deformation of KS theghich is caused by
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attaching the throat to compact CY. Recently, the effect of such defonmiaéis been estimated
[[L4], which found

At < 0(eV%) ~ 107°nE . (2.19)

This is small enough to be ignored compared to the effed&aindF T obtained in [[2.16).

3. Mirage mediation pattern of soft terms

The result[(2.36) on SUSY-breakiigcomponents indicates thef /T ~ mg ), /41 > |F|
(® =S U, X), and thus soft terms are determined dominantly by the K&hler moduli-mediated co
tribution and the one-loop anomaly mediated contribution which are comparaddehather. For
the canonically normalized soft terms:

1 1 i 1 P
gsoft = _EMa/\a)\a_ Enﬂqﬂz_ éAijk)/ijk(PI(pJ(pk"‘h-C-a (3-1)

whereA? are gauginos¢' are sfermionsy;jk are the canonically normalized Yukawa couplings,
the soft parameters at energy scale just bty T are given by

b,
Ma = Mo+ F?_[ZgéUTnh/Za

~ 1
Aijk ZAijk—@(M+}/j+M<)ms/2,
. 1 dy
= 1y 32712dlnym§/2

1 1 » .
t e [JZ ;1|Yijk|2Aijk - %giCS‘(fp')Mo Mgz, (3.2)

where the moduli-mediated soft mas$s Ai,-k andrﬁ2 are given by

Mo = FTdrIn(Re(fy))
__FT RegT)  FT < lo— 11 )
T+ T*ReT)+IRES) ~ T+T* \Up—Ily+kil )’
Ak = FTorIn(## %),
7 = —|FT[20rd5In(%), (3.3)

andb, = —3tr (T2(Ad))) + 3 tr (T2(¢)), v = 25 203C3(¢) — 5 3k Vijk |, whereC3(¢') = (N> —
1)/2N for a fundamental representatigh of the gauge grougU(N), C3(¢') = ¢f for theU (1)
chargeg; of ¢, andwj = S yikly]fk, is assumed to be diagonal.

Taking into account the 1-loop RG evolution, the above soft masddg @t lead to the fol-
lowing low energy gaugino masses

Ma(h) = Mo [ 1- L bgdyin (M) (3.4)
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showing that the gaugino masses are unified attinage messsenger scdf:

McuTt
Moo — ’ 35
mir (MP|/rT]3/2)a/2 ( )
where
mg)2 lo—11+kal ( < 1 ))
a= = 1+0|-——=) ), 3.6
Mo|ﬂ(Mp|/mg/2) lo 47172 ( )

while the gauge couplings are still unifiedMgyT = 2 x 10'° GeV. The low energy values &jk
andn¥ generically depend on the associated Yukawa couplmgsHowever ify;jx are negligible

or if Ajj /Mo = (¢ + ¥ + 7€) /M3 = 1, their low energy values also show the mirage unification
feature [J]:

A () = AJK+%(M(“)+W(H)+W(H))|H (ML“"> ,
2
e (p) = 7 - %Yi (ZCij> (1)1 <M(;UT>
J
M3 1dy(H) Mmir Mmir
+47$2{V'(“)_2d|nu'”< u )}'”( " ) (3.7)

whereY, is theU (1)y charge ofg'. Quite often, the moduli-mediated squark and slepton masses
have a common value, i.emé”: r”nf and then the squark and slepton masses of the 1st and 2nd
generation are unified again Mt

In regard to phenomenology, the most interesting feature of mirage mediatiuat i$ gives
rise tosignificantly compressed low energy SUSY specttampared to other popular schemes
such as mMSUGRA, gauge mediation and anomaly mediation. This feature casilpeiederstood
by noting that soft parameters are unifiedVi; = MGUT(mg/Z/Mm)“/Z which is hierarchically
lower thanMgy if a has a positive value of order unity. Indeed, the requfi (3.6) shows that
a is (approximately) a positive rational number for the rational numkefslo,l; obeying the
constraints[(2.37). Another, but related, interesting feature of miragéatimdis that the little
SUSY fine tuning problem of the MSSM can be significantly ameliorated in Telesmirage
mediation scenario WitMmir ~ 1 TeV, i.e.a ~ 2 [, [L§].

In fact, mirage mediation provides more concrete prediction under a rdtheilple assump-
tion. Assuming thaf, are (approximately) universal, which might be required to realize theggaug
coupling unification aMgyT, the low scale gaugino masses at the RG ppint500 GeV are given

by

My ~ Mo(0.42+0.28q),
M, ~ Mo(0.83+0.0850),
Mg ~ Mo(2.5—0.76q), (3.8)

leading to [1]]

Mz Mz : Mgz ~ (1+0.66a) : (2+0.2a) : (6— 1.8a). (3.9)
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The low scale masses of the 1st and 2nd generations of squarks andske also easily obtained
to be

Mg ~ M +M5(5.0—3.6a+0.51a%),

mg ~ Mg +M§(4.5— 3.3a + 0.52a?),

mé ~ M€ +M3(0.49— 0.230r — 0.0150?),

mg =~ & +M§(0.15— 0.046a — 0.016a2), (3.10)

whereQ, D, andE denote theSU(2), doublet squark, singlet up-squark, singlet down-squark,
doublet lepton, and singlet lepton, respectively. Assuming that the mattdeKidetrics obey
simple unification (or universality) relations such &g = %& and%p = #{ which would yield

ﬁ% = r?% andn% = rhf we find

ME : (M —mg) : (mf — )
~ (0.1840.24a +0.0902) : (4.9—3.50 +0.530°) : (4.0—3.1a +0.540%). (3.11)

Note that these ratios are independent of the presence of extra matteafistthles above TeV.

If the idea of low energy SUSY is correct and the gluino or squark massekghter than 2
TeV, some superparticle masses, e.g. the gluino mass and the first twdineutrasses as well
as some of the squark and slepton masses, might be determined at the LiH&l\[arag various
kinematic invariants of the cascade decays of gluinos and squarks. dhigjtlite probable that the
LHC measurements of those superparticle masses are good enough te &xivb predictions of
mirage mediation[38].

4. Conclusion

Warped throat appears often in fluxed compactification of string thedrUSY-breaking
brane carrying a positive energy density is introduced into the compattifiggeometry contain-
ing warped throat, it is naturally stabilized at the tip of throat. On the other,hithachigh scale
gauge coupling unification aflgyT ~ 2 x 10'® GeV suggests that the visible gauge and matter
fields are localized in the bulk space corresponding to the UV end of tHf¢gabme of) the mod-
uli which determine the 4D gauge couplings were stabilized (before intiogl 81USY-breaking
brane) by non-perturbative dynamics at a SUSY-preserving caafign as in the KKLT com-
pactification, the SUSY-breaking brane at the tip of throat leads to a higstinctive pattern of
soft terms of the visible fields localized at the UV end of throat. The resulbftgoarameters are
unified at a mirage messenger scale hierarchically lowerMw@ir, while the gauge couplings are
unified still atMgy T, leading to the term “mirage mediation”. The low energy superparticle masses
in mirage mediation are significantly compressed compared to those in mSUGRdge geedi-
ation and anomaly mediation. Furthermore, under a plausible assumptionhtraesprovides
more concrete predictions on the superparticle masses, which might beaetted HC.
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