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We study the D-term contribution for anomaloug1) symmetries in type | string models and derive a
general formula for the D-term contribution, assuming that the dominant source of supersymmetry breaking is
given by theF terms of the dilaton(overal) moduli, or twisted moduli fields. On the basis of the formula, we
also point out that there are several features different from the case of heterotic string models. The differences
originate from the different forms of the Kéer potential between twisted moduli fields in type | string models
and the dilaton field in heterotic string models.
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[. INTRODUCTION SUSY breaking terms have been studied in type | models
when we consider the scalar potential only dud~tterms
Superstring theory is a promising candidate for a unified 3,5].
theory including gravity. One of the important features is that Most 4D string models for both heterotic models and type
four-dimensional(4D) string models have several moduli | models have anomalous$(1) symmetrie$6—8]. Many 4D
fields including the dilaton field. Their vacuum expectationtype | models have been built, e.g., through the type IIB
values (VEVs) determine the couplings of 4D effective orientifold construction. The anomaly is cancelled by the
theory, e.g., gauge Coup"ngS, Yukawa Coup”ngS, and Fayepreen'SChwarZ meChanism, where certain fields transform
lliopoulos (FI) coefficients. These moduli fields have pertur- nonlinearly. This role is played by the dilaton field in het-
batively a flat potential. Nonperturbative effects are expecte@otic models and twisted moduli fields in type | models,
to stabilize these moduli. Such nonperturbative effects majeSPectively. Then these fields generate Fl terms, whose
also break supersymmetr§SUSY) at the same time. If m:_agnltudes are_determmed by VEVs of the dilaton field an_d
SUSY is broken, SUSY breaking terms, e.g., gaugino mass«{évE'Sted moduli fields. Other chlrc_':ll maitter fields deyelop their
and soft scalar masses, are induced. The pattern of SUS Vs along the almost D-flat directiofthe D-flat direction

breaking terms depends on couplings of gauge and matter the SUSY limiy and U(1) symmetries are broken. As a

. - henomenological application of anomalougl) symme-
fields to modu!| fields. These spectra of.sgperpar.tners shoul@y, it can be used as a flavor symmetry for the Froggatt-
be measured in the near future. Thus, it is very important t

) . ; Nielsen mechanism9,10]. If one can assigitJ(1) charges
study SUSY breaking terms in 4D string models. ) uitably to quarks and leptons, realistic Yukawa matrices can
Actually, such analyses have been done extensively bot

. ‘ . e derived.
in heterotic model$1,2] and in type | model$3]. For ex- In general, there appears an additional contribution to soft

ample, the dilaton-dominant SUSY breaking in 4D heteroticgygy breaking scalar masses called the “D-term contribu-
models has high predictability, when we consider the scalafign” after gauge symmetries are broken dofti—13. This
potential due only to- terms. That leads to the universal contribution has a linear dependence on the VEV of the D
relations M{,= — Ak =3mg, and m{=|mg,|%, where component and it is proportional to the charge of the broken
Mgy, is the gravitino massWl 7, is the gaugino mas#y;x is  symmetry. These features are different from those in the con-
the A term, andm, is the soft scalar mass, while SUSY tribution from the F component, which has the quadratic
breaking due to other sources leads to nonuniversal relation®rm of the VEVs of the= component and it does not depend
The universal spectrum of sfermion masses is favorable frorexplicitly on the charge of the broken symmetry. The mag-
the viewpoint of flavor changing neutral curre@CNC)  nitude of the D-term condensation has been studied in grand
constraints. On the other hand, the high predictability mayunified theorie§12,14].
face problems. For example, this pattern of SUSY breaking Since most 4D string models have an anomalbif4)
terms easily leads to color and/or charge breakibGB) or ~ symmetry, its breaking, in general, induces a D-term contri-
the direction unbounded from belo@FB) [4].! Similarly,  bution to the scalar masses. For 4D heterotic models, the

D-term contribution has been examingidb—18. In particu-

lar, in Ref.[16] it is taken into account that the FI term is

*Email address: tetsu@gauge.scphys.kyoto-u.ac.jp dilaton dependent. As a result, even in dilaton-dominant
"Email address: haru@azusa.shinshu-u.ac.jp SUSY breaking the D-term contribution induces nonuniver-
*Email address: kobayash@gauge.scphys.kyoto-u.ac.jp sal scalar masses, and the additional terms are proportional
SEmail address: nakano@muse.sc.niigata-u.ac.jp to theU(1) charges. That has phenomenologically important
This problem is not serious, if the age of the Universe is not longimplications. For example, the CCB and UFB constraints can
enough to reach the CCB minimum. be relaxed[19]. As another aspect, these D-term contribu-
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tions have an important implication for the Froggatt-Nielsen 1

mechanism. In order to derive realistically hierarchical (Ref,p)=— Sug- (2
Yukawa matrices, one has to assign differeitl) charges a

for different families. In this case, the D-term contribution

proportional to theJ(1) charges leads to nonuniversal sfer- The scalar potential is given by

mion masses, which are dangerous from the viewpoint of

FCNC constraints.

) =
Thus, it is important to study the magnitude of the D-term V=M?e*MG(G 1)G;-3M?]

condensation for each model. In this paper, we study the 1

D-term contribution for anomaloud (1) symmetries in 4D + 5(Ref’1)a5G,(T“¢)'GJ(T'B¢)J, (3)

type | models and point out that there are several different
features from the case of heterotic models. Such difference
comes from the fact that in type | models the twisted moduli _ [ i -1
fields play a role in the Green-Schwai@S) anomaly can- where G,=9Glo¢’, Gi=dGlad’, etc., (RE )., and
cellation mechanism, that is, the FI term depends on th
twisted moduli fields. TheiF components can contribute to
SUSY breaking. Their Kahler potential is expected to be
different from that of the dilaton field. Furthermore, unlike
the dilaton VEV in heterotic models, the VEVs of twisted B
moduli fields can be taken freely. ' F'=MeSM*(G-1)G7, D= (Ref 1) 4G (TA¢),

This paper is organized as follows. In the next section, we (4)
explain the D-term contribution to the soft SUSY breaking
scalar masses and the general formula for the VEV of the Dres ectivelv. In terms qt' and DF. the scalar potential takes
auxiliary fields. After reviewing the D-term contribution for P Y- ' P

. . _the form

the anomalou$) (1) symmetry based on heterotic models in
Sec. lll, we study the D-term contribution for anomalous
U(1) symmetries in the framework of type | models in Sec. — 2 1 a
IV. In Sec. V, we discuss phenomenological implications of V=Ve+Vp=(FK5F'=3M%e®™M) + > RefqsD D’
the D-term contributions. Section VI is devoted to the con- (5)
clusions.

éGfl)IJ are the inverse matrices of Rgg andG,7, respec-
fively, and (T*¢)' are gauge variations up to infinitesimal
parameters. ThE auxiliary fields and the D auxiliary fields
are given by

By taking the flat limit ofV, we obtain the soft SUSY
breaking terms for scalar fields. Here we are interested in the

II. D-TERM CONTRIBUTION scalar mass terms
We explain the D-term contribution to soft SUSY break-

ing scalar masses based on supergral@yGRA) theory Vo= (M2) b 6+ (m2) b ot - - - 6
[14]. The matter sector in SUGRA is specified by two func- sort= (ME) 3¢ §7+(Mp)13¢ ¢ ' ©

tions, the total Kaler potentiaIG(cﬁ',E') and the gauge ki-

netic functionf ,4(¢') with «, 8 being indices of the adjoint o , (Ve =5
representations of the gauge groups. The former is a sum of (mg)i7=| [may] +F (K +(F" XF)
the Kaler potentialk(¢',#') and the logarithm of the su- B
perpotential(¢) (o Kigr(K™HT" 05K 5= 311937 K 3),7)
By u e Lol (mB)i3= (D) —1—[Cy(T*¢)' ] ®
G(¢', ¢ )=K(¢',¢)+M InT’ (1) b/1J PPTeiag :

. o . wherems,= (eX’2*W/M2) is the gravitino mass. The mag-
where M is the gravitational scale defined by use of thepitude ofmg, is expected to b&(1) TeV on phenomeno-
Planck masp such asM=M pl/\/8_77|- We have denoted |ogical grounds. The first term in E¢6) originates from the
scalar fields in the chiral multiplets by and their complex  F-term scalar potentiaVr and so we will refer to it as the
conjugates byp'. The real part of the gauge kinetic function F-term scalar mass. On the other hand, the second term, Eq.
Ref,z is related to the gauge coupling constaggsas fol-  (8), is the D-term contribution to the scalar masgks12. It
lows: is proportional to the charge of the broken symmetry and

appears when the rank of the gauge group is lowered on the
breakdown of the gauge symmetry.
2See Refs[20—27 for the scenario of SUSY breaking by tife By taking the VEV of @V/d¢')(T*¢)" and using the
term of the twisted moduli fields. stationary condition, we derive the useful formula {@*),
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< £ g%, and V, is the U(1), vector superfield. Also, in the
(M2)«h+ ——+2|mgl? | (Ref ) [(DF) abovek, is a Kac-Moody levelhereafter we set,=1, for
simplicity), &% is a model-dependent parameter coming from
the one-loop correction, andys is the GS coefficient of
—<F')(FJ>< (Tp)! ]> U(1)a given by
1/9 NN P > an (14
+3 ﬁ—d).Refﬁy ((T*¢)'{DXDY),  (9) GS™ Jgom2 & K

where M\Z/)aB:<(ETB)JKIﬂTa¢)I> is the mass matrix of 1heU(1)a D component is given by
the gauge bosons, up to a normalization factor including the
auge coupling constants.
’ V\glle reuni)re ?hat the SUSY is broken down by nonvanish- DA:(Reffl)A —+2 H (T2+T2)"qh| 42|,
ing F-component VEVs ofo(ms,M) and its effect is medi-
ated through the gravitational interaction. When the extra
gauge boson mass is much larger timagy,, the last term is
negligibly small compared with other terms in E§). Then

(15

where we neglect terms from higher order terms in

the formula is simplified as K(¢',¢"). Following the custom in 4D SUGRA derived
from string models, we take thd =1 unit if no confusion is
B J expected.
(DPY=(F'\(F?) — (Ta¢))l’]> (MQZ)aB, The U(1), and its mixed anomalies due to matter fields
d are cancelled by the contribution from the dilaton field which

(100 transforms nonlinearly asS—S' =S+idagh(x) under

U(1)a. Then the formulg10) for (D*) reads
where My, %)“# is the inverse matrix of \12)*#. The for- (1) 410 for (D%

mula (10) is the master equation in our analysis; when we

S\|2
apply this formula to an anomaloud(1), a certain field (DA)= AN (F >_|
transforms nonlinearly and its gauge transformatidficf)’ (M2)A (S+S)3
becomes a field-independent constant.
For later convenience, we write down the formula for the a1 At Al 2

gaugino massesl {),: +<E LI T2+ 72" Fe| (16)

1 1% 2\A e i

a _ w2 Here My)" is given by
M1/25aﬁ 2<Refaﬁ><F >< (9(1)' f0z,8>- (11)
(859
M2 A_ Ta+ Ta nd, JA\2 2

ll. ANOMALOUS U(1) D-TERM IN HETEROTIC STRING (MY) <S+S)2 2 H ( ()

MODELS (17)

Effective SUGRA is derived from 4D string models by
taking the field theory limif2]. In this section, we review the
D-term contribution for the anomaloubl(1) symmetry
[U(1)a] in 4D heterotic string modelgl6]. The Kaler po-
tential K(¢',¢') and the gauge kinetic functioh,;(¢') are

which can be rewritten with the help of the almost D-flatness
condition ofU(1), into

given by . 5@-5_ 5@5_
- Vi (st+9) | (S+9)
K(¢'.¢")==In(S+S-253sVa) — 2 In(T*+T?)
—  a— _ A <2 H (Ta+?a)ni(q,:\)2|¢,<|2>
2 [ (T2 T Ngre?alag s A\ - G
(12) <2 Ta[ <Ta+Ta>“«q’:|¢>“|2>

faﬁ(¢')=ka86aﬁ+ e5T%6,p, (13

) . ] o 3In Egs. (12) and (13), all fields stand for superfields with the
whereSis the dilaton field,T* are the moduli fields¢* are  same notation for chiral superfields and antichiral superfields as for
matter fields with modular weights? and U(1), charges the scalar components.
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In explicit models, we find thabgzs= (10" 1) -O(10 ?). region. In the strongly coupled region, the modtlcompo-
Hence we will neglect terms with a higher order 5.  nent can also lead to gaugino masse©@f,) [23]. In any
With this assumption, the second term is dominant in Eqcase, aU(l)A D-term contribution to the scalar masses ap-

7). pears, (nD)|— A(D*), and its magnitude is rather large as
For simplicity, we treat the case with the overall moduli, (D*)=O(m2,). If U(1), charges are different between the
i.e., T=T'=T2=T3, In this case{D") is given by first and second families, the nonuniversality among sfer-

mion masses would be dangerous from the viewpoint of

1 [(FS)2 B FCNC constraints. On the other hand, wittuél), D-term
(D= — i pe——= s <E (T+ T)nkqi\|FK|2> contribution we can relax the CCB and UFB bourd§].
(MY) (5 5> K In a particular cas¢24], the F components of matter
(ETY2 fields can also contribute to the breakdown of SUSor
n, aNAl k|2 instance, (F*) contributes to the SUSY breaking if
<T+T> <2 (T+T)"n (=) "] > (OWI3p*y=0O(mg,M). Then the dominant part of the”D
condensation comes from the second term in the right-hand
( T) side (RHS) of Eq. (19),
2 (T+T)"n,qF “¢*) +H.c.|.
<T+T) o
(19 <2 <T+T>“Kq’;‘|FK|2>
(DH= (24)
Here we consider the case that the dilaton and the overall <z (T+T)"(g%)? ¢K|2>
moduli fields are dominant sources for the SUSY breaking, K

e.g., (F5) (FY=0(mg,M). This situation is realized if . . _ R )
($X)<O(M) and(dW/d¢~)<O(ms,M). In this case, from The magnitude is estimatdds] as(D")=0O(m3,/ 559).
the expressiond) for (F'), we find that theF terms(F®) of

the chiral matter fields are induced as IV. ANOMALOUS U(1) D-TERMS IN TYPE | MODELS

ET Next we turn to the type | case. In general, a 4D type |
(Fry= ( ) (B9, (20) model has more than one anomaldugl) symmetry, i.e.,
82 (T+T> I1;U(1);. We denote theJ(1); vector multiplet byV; . The

Kahler potentialK (¢',¢') is given by
Since the inducedF*) is much smaller thatFS) and(FT),

the VEV (V) is simplified to K(d', ¢ =K M +M—2> (869 V| ~In(S+S)
NN CLie TGO P _ .y
( F>_<S+S>2 <T+?>2— e (21) —g In(Ta+Ta)+2 ];[ (S+9)"

— a— i
In Eq. (19), however, the terms includingF*) are compa- X(Ta+T2) kg e®Vig+ - - -, (25
rable with the other terms, and we obtain
where the chiral matter fieldsp* have the “modular

(FS))2 weights” n® andn? with respect t&SandT?, and (§g9)! are

(DA = ( >_ —| 3/2|2) model-dependent GS coefficients. Held, is a twisted
(MV)A S+S\| (S+5)2 moduli field associated with théth fixed point. For simplic-

T2 ity, we use the notationm, defined by m;=M,+M,

_IF >_| <Z (T+?)nknkq/:|¢x|2> . (22 —23(859!V,; hereafter. The complete form d€ is un-
(T+T)2\ % known, but in the orbifold limitM ,—0, it takes the tree

level form[26]
Note that the D-term condensation dependgBf) as well

as(F%). K(m )=1m2 (26)
The gaugino masség{;, are calculated by use of E(L1) v
to be

The M, dependence of the Kier metric of ¢~ is also un-
clear. In the orbifold limit, the Kaler metricK - does not

a1 ((FSY+e,(FT)) (23
V2 2(Ref ) @ '
4See also Ref[25].

To obtain gaugino masses 6I(ms,), we need a dilaton-  SFor models with effective low-energy Lagrangians of type I, see
dominant SUSY breaking scenario in the weakly coupledRef.[3] and references therein.
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depend on the twisted modwl , as in Eq.(25). For a large  Here (l\/l\z,)i is (essentially the U(1); gauge boson mass
value OfMe, however, it would receive a correction given by
AK, (M,M). >
The gauge kinetic functiof,z(¢') is given by . , K
f (M{)'=(869){ (Se9)f { ——

amedm,,
Fap( @) =F(STH0upt 2 SiM(0ug,  (27) e e
o P e +( 2 T (S+9)"(T2+T2)™ ()2 "2

K a

wheres; is a model-dependent constant. The first term is 0 N
D-brane dependent, e.g(S,T?) =S for gauge groups from :(5GS)f(5Gs)f’<L> + (85 f<£>
D9-branes and f(S,T8)=T2 for gauge groups from Img
D5,-branes. TheJ(1); and mixed anomalies due to matter

fields are cancelled by the contribution from the twisted <2 11 (S+§)”i(Ta+?"")”i(qL)z|¢K|2>
moduli  fields, which transform asM,—M;=M, K@

mydmg:

X

+1(8596(x) underU(1);. a, Tayn? 2\
TheU(1); D components are given by E H (S+S T T q | "]
(30)
oK
D'=(Ref )| —(8g9){—— where we have used the almost D-flatness conditions of
om; U(1);. In the case with the canonical Kler potential(26),

(M32)! is reduced to

+2 T s+ 9mr T o '2) @8 (MY =591+ (569(my)
where we assume thai(1) kinetic mixing is absent for
simplicity. According to the formul@10) for D-term conden-

<§ 1;[ (S+§>“i<Ta+?a>“i<qL>2|¢K|2>

sation, we obtain X
<E [T (S+9)"(Ta+T2) g ¢ |2>
. 1 *K =
(D= | = (Bea) | MM 3D
(M) dmgdme:dMgn . . . .
If (M)<O(Sg9), the first term is dominant in Eq31),
ST e T, unlike Fhe heterotic casg@?). . o
+ (S+9)"(TA+TH) g, [F %) +--- | Again we treat the case with the overall moduli, i.€.,
©oe =T=T2=T3, and denote,=3,n2. Then the(D') in Eq.
(29 (29 can be written down explicitly as
|
i 1 ¢ (?3}2 M V_I\Wﬁr o n° T\, A 2
<D>:(M2)i —(Jc9)i WF CRME) (2 (SHS)"(T+T)™a|F*|
Vi ¢ a i K
K > (S+9(T+T)™n(nS—1)ql|$"[?) + oy 2 (S+S)(T+T)"n (N~ 1)q| 4+
(S+S)?\ % (T+T)2
L JFS KD - - (FS) .
S+S)"(T+T)"™n3n,q' |$*|?) +H.c+ — S+ (T+T)"nSq. F¥p*
terS (11T 2 (S+9™(T+T)"nin, g,/ ¢ 575 2 (S+8)HT+T)™ N, F o
<FT> E o n \n =Tyl
+<T+?> >, (S+8)"(T+T)™n, g F ¢ ) +H.e.|. (32

In the following, we mainly consider the case that SUSY sjtuation is realized if (p*Y<O(M) and (IW/Jp*)
is broken by the dilaton, the overall moduli, and/or the <O(m;,M). In this case, sincéF*)=0O(myL ¢*)), the
twisted moduli fields(FS), (FT), (FM¢)=0(mg,M). This  VEV (V) is simplified as
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£S)|2 T\ |2 have assumed for simplicity that the Kar metric of the
[(F3I° L KFD :
twisted moduli is diagonal. Then tH®') becomes

(Ver= (S+ s>2 <T+?>2

2R - (D)= | mg/gl* 3C2(50)! 7*K
+3 <—FM“FM7’> —3my (33 (M2) = ameame.ames
amgdmy
. K
i o . X@{r@eucogecog(ﬁ"'(ées)l D
To calculate thgD'), however, it is important to note that amg
(F*) is induced as
—3C25in20<2 (S+9)"(T+T)"niq}|¢" |2>
s (F9 (FT) 2 i
F<y=| my, —ne——|(¢"). (34 —C2cos0sirfe
() ( v <S+S) THT) (9. G4

x<2<S+§>"i(T+?>"~anL|¢K|2>). (37)

Then a careful calculation leads to

By using this expression, we shall discuss the D-term contri-
. 93K . bution to the soft scalar masses¥),=qj(D'), in the next
—(6gs) FHCRS

(D)= section.
The gaugino massed ], are calculated by use of Egs.

(11) and(27),

(M\Z/)' (ng(?mg/é’mgn

+|m3/2|2<2 <S+§>"i<T+?>”~qLI¢K|2>
K a z; <|:S>+2 s¢(FM¢y | for D9-branes

V2= 2(Ref ) T ,

> (S+S)”K(T+T)”Kn Sq' | ¢~ |2> .
. | 1= 2<Refa>( FT>+E <FM")) for D5 ,-branes.
> (S+S)”K(T+T)”KNKQ'K|¢K|2> : (38)

K

~KFDP <
(T+T)?
To obtain sizable gaugino masses®fms;,), we need the
dilaton and/or twisted moduli dominant SUSY breaking sce-
nario on D9-branes, and the overall moduli and/or twisted
The expression$32) and (35) are our main results for the moduli dominant SUSY breaking scenario on Plaranes. If
D-term condensation in type | models. Note t&X) be-  the dilaton and/or an overall moduli dominant SUSY break-
comes independent afF¢) if the third derivative ofK  Ing occur, the magnitude of tha(1); D-term can be sizable
vanishes{ a3K/dm,om;, dm) <O((56Y). as(D')=0O(ms3;,). On the other hand, the magnitude(af')
The soft terms can be calculated by using the parametrcan be small if the twisted moduli fields dominate the SUSY
breaking; in this case,(D') is negligibly small if

(39

zation :
<(93K/(9m€(9m€ram€u><0((5es)i€) and<m€><o((5es)|€)
S Up to here, we have assumed that SUSY is broken by the
— J3C|my'“ssing, terms o , or M, . Alternatively we can suppose, as in
(F>) F fS T, orM,. Al ivel i
(S+ S) 312 the heterotic case, that there exists a dynamical superpoten-
tial W of the chiral matter fieldsp* so that (dW/d¢")
=0O(mz;M). In this case, the dominant part of thé &bn-
(FT) o _ densation comes from the second term in the RHS
<T+?>EC|m3,2|e Tcos@ sing, of Eq. (32),
_ > (SO (T+T)"q|F¥[2
(FMe)y=\/3C|mg,e'*®D ,cosh cose, iy — <
(MQ)!
S g1, (35  The magnitude is estimated ') =0m3, M2/ (M2)".
€
V. PHENOMENOLOGICAL IMPLICATIONS
whereC is a constant so thgWg)=3(C2—1)|mg,|?, andé, In this section, we discuss the phenomenological implica-

¢, and®, are parameters called the “goldstino angles.” Wetions of the D-term contributions. An important point is that
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the FI terms depend on the twisted moduli fields in type lwhere we have takems{(m,)|<ReS. Since n=0, the
models, while this role is played by the dilaton field in het- F-term scalar masses are universal, i.e.,
erotic models. Here let us compare our re88) in type |
models with the D terng22) in heterotic models.

The first term of the D-term condensati@b) is negligi-
bly small, when the canonical term is dominant in

K(M,,M,). As a result, the D-term condensation does no
depend orFM¢ explicitly. Recall that the D-term condensa-
tion (22) in heterotic models depends explicitly &¥. The
difference originates from the different forms of idar po-

tential betweerM, andS. If K(M,,M,) has a logarithmic
form like S this difference will disappear.

For the remaining terms in E@35), we can estimate the
order of magnitudes by using the fact that the D t&8)
almost vanishes. The second term is proportional to the FI

terms as in the heterotic case. The last two terms can b‘?hus, if|(m,)/ (569 {|<1, the D-term contribution is small,

estimated as :
and the total soft scalar masses become almost universal.
. This has important implications for FCNC constraints as
z (S+§)ni(T+ﬂnKniqL|¢K|2 :O<(5Gs)i€<ﬁ>)r well as C(_:B and UFB bounds. For instance, if thigl)
P amy symmetry is relevant to the flavor symmetrhe suppressed
(40 D-term contribution is favorable to avoid FCNC constraints.
For this purpose, we need only a suppression like
.| oK (M) (8g9){|<O(107?) for my,=(O(100) GeV. Thus the
=0\ (bes)i\ 5/ |- FCNC can be parametrically suppressed in type | models.
(41) (Of course, it is necessary to find a proper mechanism for
stabilizing the twisted moduli VEVS, but that is beyond the

(MZ);=|mgyl?. (44

This spectrum is the same as for the dilaton-dominant SUSY
tbreaking in heterotic models. In addition, we have to add the
D-term contribution (3),=q}(D') with (D') given by Eq.
(37). When |[(m,)/(8g9{|<1, the D-term contribution be-
comes simplified to

(mg)

. 45
(8c9)f 49

(m3), =4} Mgl

<2 (S+S)"(T+T)"n,q..| p*|?

K

Therefore, we have scope of the present paper. . _
Next let us consider the case that the single twisted
‘ 1 9K moduli field M, is a dominant source of the SUSY breaking.
(D'>:m§/2><(9 —_(5Gs)f — (42 In this case, the gaugino mass is written as
(MY)! Jme

and its magnitude depends ¢m,)/(5g9)! as is seen from
Eq. (31). Notice that, unlike the dilaton VEV in the heterotic
case, the VEVs of twisted moduli fields, can be taken as
arbitrary values, depending on the stabilization mechanisnit is interesting to note that i are proportional to the
[20-22. coefficients of one-loop beta functions of the gauge cou-

If O((m)/(659f)=1, D-term condensations are sizable plings, as in the case of “mirage gauge coupling unification”
and their order is9(m3,,). They significantly affect spectra in Ref.[29], this spectrum of gaugino masses resembles that
of superpartners. This situation is the same as that in thia the anomaly mediation scenarf80]. Since the Kaler
heterotic case. For example, the CCB and UFB directionpotential of the matter fields does not depend Mnp for
have been studied for type | models in REZ7] with the  small(M,), the F-term scalar masses are universal, i.e.,
string scale varied. Hence, the D-term contributions have im-
portant effects as in the heterotic case if their magnitudes are
O(m3).

On the other hand, it is possible that the VEVs of twisted
moduli fieldsm, are suppressed, i.6Q(({m;)/(6g9){)<1.
In this case, the D-term contribution can be suppressed. This

3
1= > STV (46)

(mM&),=|mg;2. (47)

When|(m,)/(8g9){|<1, the D-term contribution becomes

is in sharp contrast to the heterotic case where the D-term 5 i ) 3C?
contribution cannot be suppressed without fine-tuning. (mp)y=dimgd?| — PRy
To be concrete, let us first discuss the dilaton-dominant (%e9)
SUSY breaking witi{ V) =0 in type | models. For compari- 2K (m;)
son with the heterotic models, we consider the case that the ><<—> o @ent €> (48
gauge multiplets originate from D9-branes and chiral matter dmgdmgrdMgn 069)i

fields originate from open strings, one end of which is on the
D9-branes. In this case, the gaugino mass is obtained as

bSee, e.g., Ref[28], where this flavorU(1) symmetry is dis-
M 1/o= \/§m3,2, (43 cussed in a type | inspired model.
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0.08

Thus, if (33K/am,am, am ) <O((Ss9)¢), the D-term con- ]
tribution is small and the total soft scalar masses become | ™, i
almost universal.

Finally, we note that even if flavor-dependent D-term con- oo r ]
tributions can be suppressed, it is important to take accoun A
of radiative corrections due to the gaugino of flakdfl), .
symmetry[31]. To focus on it, let us assume that at the cutoff o oo | ™. |
scale A (of order of the Planck scalethe soft terms are
given by the universal valugd3), (44), and that the D-term 003 | 1
contributions are absent. According to Eg5), the latter
requirement is satisfied ifm,)=0 in the type | models we
are considering. Recall that the absence of D-term contribu- 01 | e
tions generally requires fine-tuning or complicated model — ~~—u-___ T
building in the heterotic models. o5 - - ~ m 00

Let M, be the breaking scale of an anomaldugl), b
flavor symmetry. Above this scale, thi(1), gaugino gives FIG. 1. The degeneracy of the sfermion masses aghinsbr
a radiative corrections,m? to the sfermion mass squared. an(A)IN(A/My)=0.06.

The radiative correction is proportional to the square of the

soft mass parameter of tHé(1), gaugino; explicitly it is gaugino masses, we used;(My)~M(A)=3map.

found to be We see that thé(1) gaugino of a gauged flavor symmetry
can affect sfermion mass degeneracy and that this effect is

0.05 e

ooz T g

2 ai(Mp) . : o
2_ 2% [ _SAVTA 2 — 2 important especially for sleptons. These radiative effects may
OaMMy =0 bA< 1 a3 (A) MiAA)=0ida, (49 be detected if the D-term contributions are suppressed.
where b, is the one-loop beta function coefficient of the VI. CONCLUSION
anomaloudJ(1),.

In addition, we have flavor-blind radiative corrections due We have studied the D-term contribution for anomalous
to the remaining gauginos. For example, the radiative corredd (1) symmetries in type | models. Specifically, we derived a
tions from theSU(3) X SU(2)x U (1) gauginos between the general formula for the D-term contribution, assuming that
gauge unification scallly and the weak scale are evaluatedthe dominant source of SUSY breaking is given by the

as terms of the dilaton(overal) moduli, or twisted moduli
fields.
§m§= 6.6X Mi,Z(MX), (50 We also observed that there are several differences in the
D-term contributions between the heterotic and type | mod-
5m§=0.51>< M2(My), (51)  els. One of the important differences is that the D-term con-

tribution in type | models depends on the VEVs of twisted
moduli fields, while that in heterotic models depends on the
dilaton VEV. The former VEVs can be taken as arbitrary

for the right-handed squark, left-handed slepton, and rightyalues‘ while the value of the dilaton VEV is known phe-

handed slepton masses, respectively. Typically, these Corregpmenologlcally. Since the size of the D-term contribution

tions dominate, for each type of sfermibnover those from 002
the U(1)a gaugino. Accordingly, we introduce the ratio

SME=0.15x M% (M) (52)

0.018 |

AA 0.016 |

dy= (53

rr]g+—(<5m$' 0.014 [
0.012 |-
where my=mjy, is the initial value of the sfermion mass.
Nondegeneracy of the sfermion mass squared may be est
mated by this factor times the difference of té1) charges
squaredy? . 0008
Figure 1 shows the degeneracy factdgs; z againstby 0o0d -
for as(A)IN(A/My)=0.06, whereas Fig. 2 showdj7; 3

againsta= ax(A)In(A/My) in the case ob,=50. In each

0.01 |

0.008

0.002 -

figure, the lower, middle, and upper curves correspordy;to 00'5“"‘ Py oo oot e
d;, andd, respectively. For the flavor-blind radiative cor- a

. 2
rections sm;, we have kept only those from th8U(3) FIG. 2. The degeneracy of sfermion masses agaimst

XSU(2)xXU(1) gauginos. For the initial condition on the =as(A)IN(A/My) for by=50.
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