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Motivated by the recently measured muon anomalous magnetic ma@pente examine the supersymme-

try contribution toa,, in various mediation models of supersymmetry breaking which lead to predictive flavor
conserving soft parameters at high energy scale. The studied models include dilaton or modulus-mediated
models in heterotic string or M theory, gauge-mediated model, no-scale or gaugino-mediated models, and also
the minimal and deflected anomaly-mediated models. For each model, the raaﬁé%bllowed by other
experimental constraints, e.dp;—sy and the collider bounds on superparticle masses, is obtained together
with the corresponding parameter region of the model. Gauge-mediated models with a low messenger scale can
give anyaSUSY within the 2o bound. In many other modelb— sy favors a>USY smaller than either the

2 2
— 10 value (26<10 19 or the central value (4210 19).
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. INTRODUCTION Aa,=a%"—a’M=(42x16)x 10", 1)

Weak scale supersymmettUSY) is perhaps the most Although this can be consistent with the standard model
promising candidate for physics beyond the standard modejalue if one takes other theoretical calculations of the had-
(SM) [1]. Any realistic supersymmetric model at the weak ronic vacuum polarizatiof3], this may indeed be a sign of
scale contains explicit but soft SUSY breaking terms whichnew physics beyond the standard model. In particular, this
are presumed to originate from some high energy dynamicsjeviation can easily find its explanation in supersymmetric
If one writes down the most general form of the soft terms, itmodels through the well-known neutralino-smuon and
would require too many parameters, e.g., more than 100 evathargino-sneutrino diagrani$4]. An explicit formula of the
for the minimal supersymmetric standard mod®ISSM).  SUSY contribution toa,, is presented, for instance, in Ref.
Furthermore, for a generic form of soft terms, the superparf15]. The SUSY contribution ta, is enhanced as tgh
ticle masses should exceed about 10 TeV in order to avoithcreases, and the chargino-sneutrino diagram provides a
dangerous flavor changing proces$2k Such large super- dominant contribution for generic SUSY parameters. In the
partner masses spoil the natural emergence of the weak scalignit of degenerate superparticle masses, the leading contri-

and thus the major motivation for supersymmetry also. bution is approximately given byl4]

In view of these difficulties of generic soft terms, it is
quite_ d_emanding to have a theor.y of soft terms leading to a a(M) mi 4o mg
predictive form of flavor conserving soft terms. In fact, the a5~ : —tang|1-—Ih—=|, (2
shape of observable soft terms is mainly determined by the 877 S’ By, Mg T My

mediation mechanism of SUSY breaking, i.e., by the cou-
plings of the SUSY breaking messenger fields to the obserwheremg denotes the superparticle mass in the loop. It has
able fields, rather than by the SUSY breaking dynamics itbeen pointed out already that this new dataagnprovides
self. This is good news since in many cases the couplings afseful information on SUSY parametdis—25, e.g., upper
the messenger fields can be treated in perturbation theorgpounds on some superparticle masses. It is also noted that
while the SUSY breaking dynamics involves nonperturbativemuch of the parameter space of the minimal anomaly-
effects. Therefore once the messengers of SUSY breakingediated model can be excluded by the new data when com-
are identified, one can get a well-defined prediction for thebined with the constraints fromn— sy [17]. Possible origin
soft parameters. As long as the predicted soft parametesf Aa, other than SUSY is discussed also in R¢BS].
conserve the flavors, their size can be of the order of the In this paper, we wish to study the implications of the
weak scale. This would allow the prediction to be tested byprecisely measured,, for various mediation models of
future collider experiments and/or low energy precision ex-SUSY breaking which lead to predictive forms of flavor con-
periments. There already exist many interesting proposals f@erving soft parameters. The models studied here include the
flavor conserving soft parameters, e.g., dilaton or moduluslilaton or modulus-mediated model in heterotic string or M
mediation in heterotic string or M theof,4], gauge media- theory, no-scale or gaugino-mediated model, gauge-mediated
tion [5], no-scalg 6] or gaugino mediatiofi7], anomaly me- model, and also the minimal and deflected anomaly-
diation[8,10], and otherg11]. mediated model§8,10]. In the subsequent analysis, we ex-
Very recently, the BNL experiment E821 has reported aplore the possibility that the deviatidf) is due to the SUSY
measurement of the muon’s anomalous magnetic momentontribution toa,, in these models. Throughout the analysis,
indicating a 2.6 deviation ofa,=(g,—2)/2 from the stan- we will assume that soft parametefapproximately con-
dard model valug12] serveCP, which may be necessary to avoid a too large neu-
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tron electric dipole moment. If one takes E@) as it is, the « 40 [ N
corresponding @& bound ona"¥ would be given by S C \\
35 '
10X 10 P<ad$Y<74x 10, 3) - \\\
- (N
The inclusiveb— sy process is known to put strong con- 30 ;
straints on the MSSM parameter space. The leading SUSY C o
contribution tob— sy comes from the charged Higgs boson 25 [
and chargino mediated diagrams. The charged Higgs boso C
diagram contributes constructively, while the chargino dia- E
gram interferes with the SM amplitude constructively or de- 20 - 10
structively depending upon the sign @f. The branching -
ratio for b— sy is obtained by normalizing the hadronic un- 15 =
certainty with the semileptonic decay rd/] C
Br(B—Xsy) |ViV|? 6 ©F
nb6— o L
s')’_: tsVtb em(|D|2+A)F, 4) :
Br(B—Xeev) |Vg|2 7f(2) 5 L
C 1 J 1 | 1 | 1 | 1 I 1
wheref(z) = (1—8z+8z3—z*— 1272 In 7) is the phase space LU - -
factor of the semileptonic decay withb=m2/mZ, F=[1 Mux(GeV)

—8ag(my)/37]/k(z) for the QCD correction factoi(z)
~1-2aJ2.1(1-2)?+ 1.5/3x for the semileptonic decay, ~ FIG. 1. Contour plot on the plane oM, tang) in the dilaton/
and the termA describes the bremsstrahlung corrections andnodulus mediation model of heterotic string theory. In all figures of
virtual corrections satisfying the cancellation of the IR diver-this paper, the following notations are used. Regions denoted by A,
gence[28]. The amplitudeD is determined by the Wilson B,_ and D represent the parameter spaces forbidden by thc_e lightest
coefficients atm,, which can be obtained by the matching Higgs mass bqund, the _stau mass bound and the chargino mass
condition at the weak scale and the subsequent RG evollj)_ound, respectively. Regions denoted by C represgnt the parameter
tion. We perform the matching at the next-to-leading order>P2¢es Where proper electroweak symmetry breaking cannot be ob-
(NLO) for the SM contribution, while taking the leading or- tained. The dash-dotted, solid, dashed, asrlucisgotted Ilngs stand for the
der (LO) matching for the MSSM contributions, i.e., the *1o, central, - 1o, and -2 values ofa, ™, respectively. The
. . L ! ' indicated numbers near the contour lines represent the value of

charged Higgs and the chargino contributions. We then PEIISUSY i Lnits of 10X The gray solid(dash-dottexiline corre-
form the renormallzanon groufRG) evolution down tom, sSonds to the contour of theo2 lower (uppe) bound Br@
at the NLO to find —Xgy)=2.18(4.10)< 10~* obtained from the SUSY LO calcula-

tion and the hashed-side of the line is the allowed region.

of the Higgs boson and stau mass limits except for the case
(5) of deflected anomaly mediation in which the chargino mass

boundelr>103 GeV plays an important role.

as(Mp)
D=C{(my)+ ——| CH(my)+ 2 r,C{O(my) |,
m i=1,8

where we follow the notation of27] and r; is quoted in In Figs. 1-14, we identify the parameter space of the
Refs. [28,29. Combining the recent CLEQ30] and the model which can giveaiUSY in the 20 range(3), while tak-
ALEPH [31] results, one finds the® constraint29] ing into account other experimental constraints, dg-sy
and the collider bounds on superparticle masses. For dilaton/
2.18x 10 *<Br(B—Xsy)<4.10x107%, (6)  modulus mediation models in heterotic string or M theory,

b—sy favors a3,”®" smaller than the—1c value (26

which will be used to constrain the parameter space in Ouk 10-19) |t should be remarked that this constraint is from
analysis. the lower bound on BB— X.y), so can be relaxed by the
For M3M,>0, the parameter region af">">0 is con-  NLO SUSY effecty34,35. The no-scale model is similarly
strained by the lower bound on B(-Xy), while that of  (but les$ constrained byo—sy. Gauge mediation models
a;’>'<0 is constrained by the upper bound. In this regardywith low messenger scale can give aafy’S” within the 2o
the minimal anomaly mediation model is exceptional since itrange(3). However, models with high messenger scale favor
predictsM 3M, <0, soa3”s¥>0 is constrained by the upper- a;”> below the central value (4210 9. The minimal
bound on BrB— X¢v) [17]. It is expected that the constraint anomaly mediation is constrained by the upper bound on
from the lower bound becomes weaker when the NLO efBr(B— Xsy) implying a5”¥ smaller than the central value.
fects are included34], while the constraint from the upper When the NLO correction to the charged Higgs contribution
bound can become even strondj&v]. is included, b—svy c;onstrainsaiUSY more severely[17].
About the bounds on Higgs boson and superparticlPossible value 0&3"S" in deflected anomaly mediation is
masses, we use the CER&e” collider LEP limit my severely constrained by the superparticle mass bounds and
>113.5 GeV[32] andnr;>72 GeV[33]. The other super- alsob— sy, but still there is a small parameter region which

particle mass bound83] are satisfied in the allowed region gives the right value oaiUSY.
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FIG. 2. Contour plot on the plane ofrg,,#) in the dilaton/ FIG. 4. Contour plot on the plane ofg,, ) in the dilaton or
modulus mediation model of heterotic M theory wiés=0.5 and  modulus mediation model of heterotic M theory witl+0.5 and

tanB=10. tanB=30.

To set up the notation, let us consider generic low energy 1 1 1

interactions of the MSSM fields. They consist of supersym- —Lsg= iEMa)\a)\aJr Emizj id} + gAi,—kyijktﬁid)J— b
metric couplings encoded in the superpotential

+Buh;h,+H.c., (8)

1
W= gYik®i PP uHiH, ™ \where yijx denote the Yukawa coupling constants for the

MSSM superfieldsb; which include the quark superfields,
and also soft supersymmetry breaking terms which can bthe lepton superfields, and also the two Higgs doublet super-
written as fields H; and H,. Here M, (a=3,2,1) stand for the
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FIG. 3. Contour plot on the plane ofrg,, ) in the dilaton or FIG. 5. Contour plot on the plane ofng,,6) in the dilaton or
modulus mediation model of heterotic M theory wig=0.8 and  modulus mediation model of heterotic M theory wigl0.8 and

tanB=10. tanB=30.
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FIG. 6. Contour plot on the plane oM, tanB) in no-scale FIG. 8. Contour plot on the plane oM ,tang) in the GMSB
model. model withN=1 andM =10'" GeV.
SU(3)XSU(2)xU(1) gaugino massemizj are the soft sca- Each mediation mechanism that will be studied in this

lar masses of the scalar componegitsof the MSSM super-  paper provides a well-defined prediction #dr,, A;j, and

fields ®;, andA;j, andB are the trilinear and bilinear coef- mi2j at certain high energy messenger scale. The predicted
ficients in the scalar potential. To follow up the most high energy parameters can be transformed to the low energy
frequently used convention for the relative signMf and  values through the standard renormalization group analysis.
Ajjx, we use different sign conventions bf, for different  In this procedure, we assume the minimal particle content in
models: + for the dilaton/modulus and no-scalgauging  the observable sector, viz. the MSSM particles. If there exist
mediation models;- for the gauge and anomaly mediation more particles with masses between the messenger scale and

models. the weak scale and also with sizable gauge or Yukawa cou-
plings to the MSSM fields, our results would be changed
« 40 [ accordingly. We also ignore the effects of small Yukawa cou-
C L
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= @] L
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r 95 [
2. C
15 :_ 20 ;
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C 1 1 il L J 1 i Il 1 | 1 1 L 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1
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FIG. 7. Contour plot on the plane oM(;,tang) in the gauge- M,(Ge\/)

mediated supersymmetry breakit@MSB) model withN=1 and
M=10° GeV. The whole parameter space shown in this figure is FIG. 9. Contour plot on the plane oM ,tang) in the GMSB
allowed by the constraints of BB(— X.y). model withN=1 andM =10 GeV.
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FIG. 10. Contour plot on the plane ofA; ,tang) in the GMSB FIG. 12. Contour plot on the plane ofA, ,tang) in the GMSB
model withN=5 andM=10° GeV. model withN=5 andM =10'® GeV.

plings of the 1st and 2nd generations in the RG evolution. rameter space gives rise to a scalar potential with a color or
The situation foru and B is more involved since they charge breaking minimum or a field direction along which
depend on the details of how theterm is generated as well the potential is unbounded from belol86—-38. For in-
as on how SUSY breaking is mediated. In the absence of anstance, it turns out that the entire parameter space of the
definite prediction fow andB, normally one tradeg andB  dilaton or modulus mediation in heterotic string theory and
for tanB=(H,)/(H,) and M, through the condition of ra- also of the no-scale mediation give such a potentially dan-
diative electroweak symmetry breaking, while leavinggerous scalar potenti§86,37. In this paper, we dmot re-
sgn(u) undetermined. Note thai and B do not affect the quire that the scalar potential should have a phenomenologi-
RG running of other soft parameters, which can be assuredally viable global minimum, so the model is allowed as
by the dimensional argument and selection rules. long as the scalar potential hatoaal minimum with correct
It has been noted that an extensive region of the soft pdew energy phenomenology.
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FIG. 11. Contour plot on the plane ofA; ,tang) in the GMSB FIG. 13. Contour plot on the plane afng,M,,,) in the minimal
model withN=5 andM =10 GeV. anomaly-mediated model with tgh 30.
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%\ [ . 47f,=S, 9)
Q i ‘l where S and T are the dilaton superfield and the overall
2135 - \ modulus superfield, respectively, amg is the modular
° - \ weight of the chiral matter superfields; . If all the MSSM
g L | \ superfields have the modular weight=—1, one finds(at
S | “ the unification scalégyy) [3]
55 B ll 26 ’::::’ M,= \/§M auxs mi2j = | Mau><lz5ij ) Aijk: - \/§M auxs
: | 355
Z 1 N\ B (10
- ' NS o M i ich i
12 - Y \ LX< whgreMaux— M5, Sin @ for the Goldstino angled wh_|ch is
L 1 \ defined as taf=Fs/F+. Here we assume thiis/F is real
r \ \ to avoid a too large neutron electric dipole moment. The
15 |- 1 \ above relations can receive string-loop or supergravity-loop
L St \\\ correctiong 39,40 as well as higher order sigma-model cor-
i B rections[41]. In weakly coupled heterotic string limit, loop
Wog '3'0‘ = '4'0' = '5'0' = '6'0' = '7'0' ! corrections are suppressed bf /872, so can be safely

ignored for our purpose. Also at least in orbifold compacti-
fication models, there is no sigma-model correction at string
tree level.

In fact, the gauge coupling unification scaleg,t pre-
dicted within the weakly coupled heterotic string theory is

bigger than the phenomenologically favored value 2

We also do not take into account the cosmological mass. 1016 GeV by about one order of magnitude. One attractive
density of the lightest superpartioleSP) in the MSSM sec-  \ay to avoid this difficulty is to go to the strong coupling

tor. There are many diff(_arent scenarios in whi(_:h the LSRimit [42), i.e., the Horava-Witten heterotic M theof%3],
mass density computed in the frameworkRfparity con-  \yhich will be analyzed in the subsequent discussion. Here
serving MSSM becomes_lrrelevant_, e.g., a_Iate time inflatione simply assume tha¥lg,; can be lowered down to 2
triggered by an MSSM singleR-parity violation, or amod-  x 10'6 Gev by some stringy effects, while keeping the
ulino or gravitino lighter than the LSP. boundary conditions of Eq(10) valid. Another potential
problem of the boundary conditiof10) is that the resulting
scalar potential has a color or charge breaking minimum or
has a field direction which is unbounded from belf87].

We do not take this as a serious problem as long as there
In this section, we examine the low energy phenomenol€Xists a local minimum of the potential yielding correct low
ogy of various mediation mechanisms yielding flavor con-energy phenomenology.

serving soft parameters. The main purpose is to see which Some phenomenological consequences of (EQ: have
value of aSUSY can be obtained without any conflict to ~ Peen studied in Ref.44]. Here we perform a detailed nu-
—sy and the collider bounds on superparticle masses. Th@erical analysis of the low energy phenomenology of the
models studied here include the dilaton- or modulusPoundary conditior{10) at Mgyr, including the SUSY con-
mediated model in heterotic string or M theory, no-scale offibutions toa,, andb—sy. As usual, we tradg. andB for
gaugino-mediated model, gauge-mediated model, and finall{anB8 and Mz. With this prescription, the dilaton/modulus
the minimal and deflected anomaly mediated models. Fofediation in perturbative heterotic string theory is described
each mediation model, the parameter regions allowed by three input parameters:

laboratory tests and also the corresponding valuetﬁb‘lSY
are summarized in Figs. 1-14.

MAUX<TeV)

FIG. 14. Contour plot on the plane dfA,,,M) in the deflected
anomaly-mediated model with=6, p=0, and tan3=30.

Il. PROBING THE MESSENGERS
OF SUPERSYMMETRY BREAKING

Maux: tangs,

sgnu).
The results of our analysis are depicted in Fig. 1 including
the contour plot on the plane oM_,,,tanB) with x>0.
Figure 1 shows thab—sy favorsa}, >" smaller than the

— 10 value (26x10 9. This constraint fronb—sy is ex-

One possible scheme for flavor-conserving soft parampacteqd to be relaxed when the NLO SUSY corrections to
eters is the dilaton or modulus mediation in the framework o Br(B— X.y) are properly taken into accoufgs).

weakly coupled heterotic string theory. Thé{er potential
and the gauge kinetic function of the four-dimensional effec-
tive supergravity are given by

11)

A. Dilaton/modulus mediation in perturbative heterotic
string theory

B. Dilaton/modulus mediation in heterotic M theory

It has been pointed out by Witten that the correct value of

K=—In(S+S*) =3 In(T+T*)+(T+T*)"d;dF, Mgyt can be naturally obtained in compactified heterotic M
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theory which corresponds to the strong coupling limit of het-order in 1/7(S+S*) or 1/a(T+T*). For the moduli VEVs
erotic EgX Eg string theory[42]. At energy scales below the (14), the effects of such higher order corrections are sup-
eleven-dimensional Planck scale, the theory is described byressed by3,,/872, so can be ignored also for our purpose.
an eleven-dimensional supergravity on a manifold withwith this observation, one finds the following form of soft
boundary where the twig gauge multiplets are confined on parameters in heterotic M theorfagain atMgyr) when

the two ten-dimensional boundarig$3]. The compactified SUSY breaking is mediated by tifecomponents oS andT,
heterotic M theory involves two geometric moduli, the elev-

enth length @p) and the volume(V) of six dimensional

internal space. In four-dimensional effective supergravity Ma= \/§m3/2
[4,45], these two moduli define the scalar components of the

chiral superfieldSandT,

1 €
——sind+ ———cosb |,
lte V3(1+e) )

3—2¢ o \/§e 0
3+esm 3~I—eCOS ’

(12 (16)

13 Aij=— \V3mg;

Re(T)= Gl

Re(S)= T (Amy) 2R

(477)2/3’(4/3’
where «? is the eleven-dimensional gravitational coupling 2 2 .
constant andy=3%2,;cC,;x for the intersection numbers mjj =My 5”(1_ (3+6)2{6(6+6)Sm20
Ciik=J o, \Nw;\wg of the integer(1,1) cohomology basis
{w,}. Here the superfieldS and T are normalized through )
the periodicity of their axion components IB)=Im(S) +(3+2€)cos -213¢ COS@S'W}),
+1 and Im()=Im(T)+1.

Four-dimensional couplings and scales can be expresseghare is the Goldstino angle and
in terms of Ref), Re(T), and «, yielding the relations

(46,47 e=a(T+T*)/(S+S*).
2 2 .
P 13 The above results exprebs,, Ajj, andmjj in terms of
M2 T_4TW RE(S)RET), three unknown parametersg,, sind, and e. Once theu
eu andB are traded for tag and M, through the condition of
. radiative electroweak symmetry breaking, the dilaton or
=ReS)+a R T), (13  modulus mediation in heterotic M theory is described by five
gaut input parameters:
where Mp~2.5x10'® GeV and g5,;~0.5 are the four- Mg, sSiNf, € tanB, sgriu), (17

dimensional Planck scale and gauge coupling constant, re-
spectively, anda is a model-dependertpositive) rational SO not more predictive than the minimal supergravity model
number which is generically of order unity. Puttiddg,r for instance. However in heterotic M theory, the values @
~2x 10" GeV, one then finds the following vacuum ex- Severely constrained, which allows the results of @) to
pectation value$VEVs) of moduli in heterotic M theory become more predictive. For instance, the hidden gauge cou-
pling is given by 4zr/gﬁ= (1—€)Re(S), so itis required that
0<e<1. Inspecting Eq(13), one also finds that cannot be
) significantly smaller than unity.
Here we consider two different values=0.5, 0.8, and

It has been noted that the four-dimensional effective supefx@mine the allowed value Qii%JSY' The results of our
gravity of heterotic M theory can be expanded in powers ofanalysis are depicted in Figs. 2-5 fore,ang)
1/m(S+S*) and 14 (T+T*) [4]. At leading order in this =(0.5,10,(0.8,10,(0.5,30,(0.8,30). These figures show
expansion, the Kaler potential and gauge kinetic function thatb—sy favors a5”S" smaller than the- 1o value (26

4
2

<Re<S>>=O( i ) <Re(T)>=O(

deur deur

are given by[45] X 10719, Again this constraint is expected to be relaxed
when the NLO SUSY corrections to BB(~Xsy) are in-
K=—=In(S+S*)=3In(T+T*) cluded. We note thaa;">" for tang=10 is significantly
constrained by other laboratory bounds also, e.g., the lightest
+( i )‘Di¢i* 4t Higgs boson mass bound.
T+T* S+85°

C. No-scale or gaugino mediation
=S+ aT. (15) gaugl lati

It has been known for a long time that no-scale supergrav-
In fact, holomorphy and the axion periodicity implies that ity model with nonminimal gauge kinetic function provides
any correction tof, is suppressed bg 275 or e 2™T so  an interesting form of flavor conserving soft terfitg. For
absolutely negligible for the moduli VEVs of El4). The instance, one can consider the no-scalél&apotential to-
Kahler potential can receive corrections which are highemgether with the simplest nonminimal gauge kinetic functions
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K=—3InNT+T*—®;®*), 4xnf,=T, (18) numpers, so automatically conserve the fIavors.. The messen-
ger fields are coupled to a gauge singlet Goldstino superfield

which give rise to X through the superpotential

Ma=May, mj=0, Ajx=0 (19
WhenX acquires a VEV for both its scalar afdcompo-

at the messenger scale which is close to the unification scalaents, the superpotenti& induces the messenger spectrum
Recently it has been noticed that such no-scale boundanyhich is not supersymmetric. Integrating out the messenger
condition can naturally emerge in the framework of branefields then give rise to the following MSSM soft parameters
models in which SUSY is broken on a hidden brane in higheat the messenger scaié~ \(X):
dimensional spacetim’]. The MSSM matter fields are as-
sumed to be confined on a visible brane. However, gauge M _Naa(M)
multiplets propagate in bulk and so couple directly to SUSY a~ At
breaking on hidden brane. Extra-dimensional locality then

Ay

assures that the soft parameters of the MSSM matter fields 5 [ aa(M))2 5

vanish, i.e.m=A;,=0, at the compactification scaM mij:N5ij§ Ca( p ) A%, (22)
of the extra dimension, while nonzero gaugino masses are

allowed, leading to the name of “gaugino mediatigr]. Aix=0,

In the gaugino-mediated model, the compactification

scaleM; is a r_nodel—dependent fr_ee parametgr_. If gauginqyhere a, (a=3,2,1) are the grand-unified-theor(GUT)-
masses are universal MC:.MGUTz it is ra’;her difficult that  ,ormalized gauge coupling constants $E(3).x SU(2),
the lightest supersymmetric partic{feSP) is a neutral par- X U(1)y, C' is the GUT-normalized quadratic Casimir in-
ticle [48,49. One can avoid this difficulty either by assuming \ 4 iant of thg matter field; , and A ~(Fy)/(X)

. . 1 .
Mc>Mgyr or nonumversal gaugino mas;b@BAq. How- In fact, the trilinear couplingd;;, at the messenger scale
ever a neutral L.SP IS not_mandatory. For |nstanqe, a chargqg receive nonzero contribution at two-loop, however, we
LSP is allowed ifR-parity is broken or the model includes a ., safely ignore them since they are further suppressed by
L o e loop factor compared to other soft masses with mass
the ”S'Sca'e boundary cond|t|(m9).|s given atMeur=2  gimensjon one. Againu and B can be traded for taé
X 10° GeV and examine the resulting SUSY contribution to 4 gh the radiative electroweak symmetry breaking. A dis-
the muons ar_10ma|0us magngnc moment. AbpWndB, in i qtive feature of GMSB is that a wide range of the messen-
gaugino-mediated model, it is rather natural tBat0 at ger scaleM is allowed, e.g., fromA to much higher scale

Mgyr. However, in generic no-scale supergravity mo@l, 5.0,nq 185 GeV. Then the GMSB model is described by
can be a free parameter, and then the no-scale mediation s, input parameters:

described by three input parameters:
M, A, tanB, N, sgru). (23
Maw, tang, sgriu). (20

Low energy phenomenology of GMSB models, including
The results of our numerical analysis are summarized in Fig—Sy and the anomalous muon magnetic moment,
6 which is somewhat similar to Fig. 1, i.e., the case of dilatonhas been studied beforgs1,52. Here we examine the
or modulus mediation in heterotic string theory. The analysisillowed value of a5"Y for the cases of N,M)
of b— sy for the no-scale boundary conditigh9) has been =(1,1¢),(1,109,(1,10%),(5,10),(5,139),(5,137), where
performed recently in Ref50]. It should be remarked also the messenger scalé is given in the GeV unit. The results
that the scalar potential resulting from E(9) has a color or  for >0 are depicted in Figs. 7—12 which show that models
charge breaking minimum or a field direction along whichith lower M have a better prospect f@iUSY bigger than
the potential is unbounded from belo\86]. As we men-  the central value (42 107 19). In particular, gauge-mediated
tioned, we do not take this as a serious difficulty as long agnodels withM ~10f GeV can give anyaSUSY within the
the potential has a phenomenologically viable local mini-5 . ound (3). For very highM~10' GeV, b—sy con-

mum. strainsaf;USY as in no-scale or dilaton or modulus mediation
model.

D. Gauge mediation

The gauge-mediated SUSY breakii@MSB) models E. Minimal anomaly mediation
also provide a quite predictive form of flavor conserving soft  Anomaly mediation assumes that SUSY breaking in the
parameters5]. In GMSB models, SUSY breaking is trans- pigden sector is transmitted to the MSSM fietdtsly through
mitted via the SM gauge interactions Kfflavors of messen-  he auxiliary component of the off-shell supergravity mul-
ger superfieldst;, W which form a vectorlike representa- tiplet. In the Weyl-compensator formulation, corresponds
tion of the SM gauge group, e.d\(5+5) of SU(5). Then  to theF component of the Weyl compensator superfiglth
the resulting soft terms are determined by the gauge quantuappropriate gauge. The couplings @f to generic matter
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multiplets are determined by the super-Weyl invariance. After trading x and B for tang and M,, the minimal
Therefore at classical leve is coupled to the MSSM fields anomaly mediation can be parametrized by four input param-
only through dimensionfulsupersymmetriccouplings, e.g., eters:

the bareu parameter or the coefficients of nonrenormaliz-

able terms in the superpotential. However, quantum radiative Mau: Mo, tanB, sgriu). (27)
effects induce nontrivial scale dependence of dimensionless

couplings, so nontrivial couplings of¢ also. Since Phenomenological aspects of the minimal anomaly-mediated
Ma, Ajjc. m7 are all associated with dimensionless supermodel have been studied in detail in RES3]. It has been
symmetric couplings, viz. the gauge couplingsfor M,,  noted also that the very recent measurement of the anoma-

the wave function renormalization factdr for A;j, andm? lous magnetic moment of the muon disfavors the minimal

ij . . . .
these soft parameters are determined entirely by the runnir@’0maly-mediated model when combined with the constraint

behavior ofg, and Z; in pure anomaly-mediated scenario. Tom b—sy[17]. Unlike other models, the minimal anomaly
More explicitly, from the super-Weyl invariant effective La- Mediation model predict1sM, <0, so the parameter region

grangian of a3,’>">0 is constrained by the upper bound on Br(
TGl st depicted | E17]
Our results depicted in Fig. 13 are similar to REf7].
4 *
f d 0( Zi(plNpP* )7 @ However, in our casedy— Sy provides less severe constraint

because we use the LO matching condition for the SUSY
contributions tob—sy. Including the NLO charged Higgs
contribution[35] makes the constraint frofm— sy stronger

as in Ref.[17].

one finds the followingoure anomaly-mediated soft param-

(29

1 _
+ gg;Z(M/\/¢>¢>*)VaDD2DVa+ o

eters: F. Deflected anomaly mediation
1 dg; 2\ F b.a There is an interesting modification of the pure anomaly
Y, a:§g§<d| a )_(/):_%Mauxv mediation which cures the tachyonic slepton wit;M,
nul ¢ m >0 [9,54]. The parameter region af,"*¥>0 in such model
may not be severely constrained by-sy. The so-called
A :_}(dln Z + dinz T din Zk)@ deflected anomaly mediation is a kind of hybrid between
1k 2\dinp  ding  dinw/ ¢ anomaly mediation and gauge mediation, but still all SUSY
1 breaking effects originate frorf,. The model contains a
— 5(% + %+ %)M (25) light .sm.glt_atX which describes a flat direction in supersym-
metric limit as well asN flavors of gauge-charged messen-
gersV; ,¥{ which are coupled t&X in the superpotential
1 [ d?InZ \[Fgl?
~o i 6| i 2 _ c
mij——z5ij(m e == 7 IMand®4;, W=\ XV W7 (28)

a ] ) If the VEV of X is determined by the SUSY breaking effects
where V? are the real superfields for gauge multlpldmg,_ of F,,, notby SUSY conserving dynamics, one has
=(3,—1,—33/5) (@=3,2,1) are the one-loop beta function
coefficients forSU(3). X SU(2) X U(1)y in the GUT nor- Fy Fg

malization. X P (29
The expressions of pure anomaly-mediated soft param-

eters are RG invariant, so are valid at arbitrary energy Scal%i/herep depends on the details of howis stabilized, but

Therefore the low energy soft parameters are completely;&1 in general. For instance, in the case whiris stabi-

fixed by the low energy values of these couplings and ar . . X
overall scaleM,,,. However, as can be seen easily, pure“zed by the Coleman-Weinberg mechanism, one fipds

g e =((1/167?) [10,54.
anomaly-mediated scenario is simply excluded because it At energy scales belowl ~\,(X), the heavy thresholds

predicts that sleptons have negative mass squared. So an .
phenomenologically viable model of anomaly mediatione}/fects of ¥, ;" make all soft parameters to leave the RG

should involve a mechanism to solve the tachyonic sleptofff@iectory of pure anomaly mediation. We then have
problem. One possibility is to introduce a universal positive (M)

H o
mass squared to all sof_t scala_r masses qt some high energy AM)=—[b,—N(1—p)] M aes
scale, e.g., aMgyt, which defines the minimal anomaly- 4
mediated model

- - Aijk(M):Aijk(M)y (30)
Ma=Ma, Ajj=Ajjk,

5 M3 (M) =% (M)~ 2N(1 - p) 3 3 C‘(“a(M))zlm J2
mizj(MGUT)=mi2j(MGU-|—)+m35ij . (26) 1] 1] P) oij = al A aux

055001-9



CHOI, HWANG, KANG, LEE, AND SONG PHYSICAL REVIEW D64 055001

where b,=(3,—-1,-33/5) (@=32,1), andA;;, m> are a;’°' smaller than the- 1o bound (26<10 9. No-scale
the pure anomaly-mediated soft parameters in the MSSNmodel is similarly(but les$ constrained byb—sy. Gauge
framework. Then the deflected anomaly mediation is desmediation models with low messenger scale can give any
scribed by six input parameters: a;”" within the 20 bound(3). However, when the messen-
ger scale is very high, the allowed value @}"*" is con-
sgrin). (3D strained byb—sy as in no-scale or dilaton or modulus me-
For numerical analysis, we take~0 which corresponds to diation model;. -The- possible.value @} >">0 in minimal
the case thaiX | Yy ¢ ’b'l' d by the Col QN b anomaly mediation is constrained to be smaller than the cen-
. IS stabilized Dy the Loleman-Wemberg ., yajue (42¢ 10719 by the upper bound on BB Xs7).
”’.eChaT"S”’_[54]- The re_sults for I(\I,tara,@_:(G,sO) are d_e- Deflected anomaly mediation is severely constrained by the
picted in Fig. 14. Possible value aﬁ in this model is superparticle mass bounds and also tby>sy, however,

severely constrained by the chargino, stau, and lightest Higgfere is still a small parameter region which gives right value

boson mass bounds as well as by sy, however there is of aSYSY. Our analysis uses the LO matching condition for

X . . . : "
still a small parameter region which provides right value Ofthe SUSY contributions td—sy. It is expected that more
asusy- involved analysis including the NLO SUSY effec{84]
makes the constraint from the lower bound onB# Xsy)

weaker, while making the constraint from the upper bound

The recent BNL measurement of the muon’s anomaloustronger. _ _
magnetic momena,=(g,—2)/2 may indeed be a sign of While this paper was in completion, there appeared sev-

new physics. In this paper, we examined the possibility thafr@! Papers which have some overlap with our work. Refer-

the deviationAa, from the SM value is due to the SUSY ©NC€ [17] contains a discussion of the minimal anomaly-

contribution in the framework of various mediation models Mediated model, which agrees with our result, RE18,19

of SUSY breaking which give rise to predictive flavor con- cOntain some discussion of gauge-mediated model, and the

serving soft parameters at high energy scale. The StudiefilfIaton-meduated and gauge-mediated models are discussed

models include the dilaton or modulus mediation in heterotid Ref-[25] also.

string or M theory, no-scale or gaugino mediation, gauge

mediation, and also the minimal and deflected anomaly me-

diation models. For each model, we obtain the range of We thank Jonathan L. Feng, Konstantin T. Matchev,

a5’SY allowed by other laboratory constraints, ely->sy  James D. Wells, and Pyungwon Ko for useful discussions.

and the bounds on superparticle masses, together with thghis work is supported by the BK21 project of the Ministry

corresponding parameter region of the model. of Education, KRF Grant No. 2000-015-DP0080, KOSEF
For dilaton or modulus mediation models in heteroticGrant No. 2000-1-11100-001-1, and KOSEF through the

string or M theory, the lower bound on B Xgy) favors  CHEP of KNU.

Maw: M, p, tangB, N,

IIl. CONCLUSION
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