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1 Introduction

After the discovery of the 125 GeV Higgs boson in 2012 at the CERN LHC [1, 2], the long
missing particle content of the Standard Model(SM) has finally been verified. In spite of the
impressive triumph of SM, many physicists still believe that new physics may be revealed
at LHC. Among the many new physics models that can solve the fine-tuning problem, the
most elegant and compelling resolution is low energy supersymmetry. Augmented with
weak scale soft SUSY breaking terms, the quadratic cutoff dependence is absent, leav-
ing only relatively mild but intertwined logarthmic sensitivity to high scale physics. As
such soft SUSY breaking spectrum is determined by the SUSY breaking mechanism, it is
interesting to survey the phenomenology related to supersymmetry breaking mechanism.
In Type IIB string theory compactified on a Calabi-Yau (CY) orientifold, the presence
of NS and RR 3-form background fluxes can fix the dilaton and the complex structure
moduli, leaving only the Kahler moduli in the Wilsonian effective supergravity action af-
ter integrating out the superheavy complex structure moduli and dilaton. The remaining
Kahler moduli fields could be stabilized by non-perturbative effects, such as instanton
or gaugino condensation. In order to generates SUSY breaking in the observable sec-
tor and obtain a very tiny positive cosmological constant, Kachru-Kallosh-Linde- Trivedi
(KKLT) [3] propose to add an anti-D3 brane at the tip of the Klebanov-Strassler throat
(or adding F-term, D-term SUSY breaking contributions [4-6]) to explicitly break SUSY



and lift the AdS universe to obtain a dS one. In addition to the anomaly mediation contri-
butions, SUSY breaking effects from the light Kahler moduli fields could also be mediated
to the visible sector and result in a mixed modulus-anomaly mediation SUSY breaking sce-
nario [7, 8]. It is interesting to note that the involved modulus mediated SUSY breaking
contributions can be comparable to that of the anomaly mediation [9, 10]. With certain
assumptions on the Yukawa couplings and the modular weights, the SUSY breaking contri-
butions from the renormalization group running and anomaly mediation could cancel each
other at a ‘mirage’ unification scale, leading to a compressed low energy SUSY breaking
spectrum [11]. Such a mixed modulus-anomaly mediation SUSY breaking mechanism is
dubbed as ‘mirage mediation’.

Anomaly mediation contribution is a crucial ingredient of such a mixed modulus-
anomaly mediation. It is well known that the pure anomaly mediation is bothered by the
tachyonic slepton problem [12-18]. One of its non-trivial extensions with messenger sectors,
namely the deflected anomaly mediated SUSY breaking (AMSB), can elegantly solve such
a tachyonic slepton problem through the deflection of the renormalization group equation
(RGE) trajectory [19-25]. Such a messenger sector can also be present in the mirage
mediation so that additional gauge contributions by the messengers [26-28] can deflect the
RGE trajectory and change the low energy soft SUSY predictions. Additional deflection in
mirage mediation can be advantageous in phenomenological aspect. For example, apparent
gaugino mass unification at TeV scale could still be realized with the simplest ‘no scale’
Kahler potential, which, in ordinary mirage mediation, can only be possible with the not
UV-preferable a = 2 case. Relevant discussions on mirage-type mediation scenarios can be
seen, for example, in [29-39].

In mirage type mediation scenarios, analytical expressions for the soft SUSY breaking
parameters are no not given at the messenger scale M (or scale below M), but given at
the GUT scale instead. One needs to numerically evolve the spectrum with GUT scale
input to obtain the low energy SUSY spectrum. This procedure obscures the appearance
of ‘mirage’ unification scale from the input. In mirage mediation scenarios with deflection
from Kahler potential, analytical results of mirage mediation are necessary to predict the
low energy SUSY spectrum. So it is preferable to give the analytical expressions for the
soft SUSY breaking parameters in mirage type mediation scenarios at arbitrary low energy
scale. Besides, possible new Yukawa-type interactions involving the messengers may give
additional Yukawa mediation contributions to the low energy soft SUSY spectrum (See [40]
for example). Such a generalization of deflected mirage mediation scenario shows new
features in phenomenological studies. The inclusion of Yukawa mediation contributions at
(or below) the messenger scale M are non-trivial and again prefer analytical expressions
near the messenger scale.

This paper is organized as follows. We briefly review the mirage type mediation sce-
narios in section 2. A general discussion on the analytical expressions for the soft SUSY
parameters in the generalized deflected mirage mediation is given in section 3. We discuss
some applications of our analytical results in section 4, including the proof of the ‘mirage’
unification scale in mirage mediation with our analytical results and the discussions on
deflection from Kahler potential. Section 5 contains our conclusions.



2 Brief review of the mirage type mediation scenarios

Inspired by string-motivated KKLT approach to moduli stabilization within Type II1B
string theory, mirage mediation supersymmetry breaking is proposed, in which the modulus
mediated supersymmetry breaking terms are suppressed by numerically a loop factor so
that the anomaly mediated terms can be competitive.

After fixing and integrating out the dilaton and the complex structure moduli, the
four-dimensional Wilsonian effective supergravity action (defined at the boundary scale A)
in terms of compensator field and a single Kahler modulus parameterizing the overall size
of the compact space [11] is given as
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with a holomorphic gauge kinetic term
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The Kahler potential takes the form
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with the ‘no-scale’ kinetic term for the Kahler modulus T'. The gauge kinetic term f;, the
messenger superfields P;, the MSSM superfields ® and the pseudo-moduli superfields are
all assumed to depend non-trivially on the Kahler moduli T as
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Choices of nx,ng,np,l; depend on the location of the fields on the D3/D7 branes. Besides,
universal [; = 1 are adopted in our scenario to keep gauge coupling unification, so the gauge
fields should reside on the D7 brane.

The superpotential takes the most general form involving the KKLT setup [3], the
messenger sectors Wy, and visible sector Wyrggr

W = (wo — Ae™ ") + Was + Werggar» (2.5)
where the first term is generated from the fluxes and the second term from non-perturbative
effects, such as gaugino condensation or D3-instanton. Within W), interactions between
messengers and MSSM fields can possibly arise which will be discussed subsequently. The
modulus 7', which is not fixed by the background flux, can be stabilized by non-perturbative
gaugino condensation with its VEV satisfying

aR(T) ~1In <A> ~ In (JWPI> ~ 4r? (2.6)

wo ms3/2

up to O(In[Mp/ms /2]_1). Boundary value of the soft SUSY breaking parameters at the
GUT scale can be seen in [11].



3 Analytical expressions of soft SUSY breaking parameters

Mirage mediation can be seen as a typical mixed modulus-anomaly mediation SUSY break-
ing mechanism with each contribution of similar size. Adding a messenger sector will add
additional gauge mediation contributions. Besides, upon the messenger thresholds, new
Yukawa interactions involving the messengers could arise. Such interactions may cause
new contributions to trilinear couplings and sfermion masses (As an example, see our pre-
vious work [40]). Additional deflection with Yukawa mediation can be advantageous in
several aspects.

e The value of trilinear coupling |A;| can be increased by additional contributions in-
volving the new Yukawa interactions. Larger value of A; is always welcome in MSSM
and NMSSM not only to accommodate the 125 GeV Higgs but also to reduce [41] the
EW fine tuning [42-44] involved.

e Asnoted in [40, 45, 46], pure gauge mediation contributions are not viable to generate
either trilinear couplings Ay, Ay or soft scalar masses m% for singlet superfields S
which are crucial to solve the mu-problem of NMSSM. Deflection with Yukawa
interactions will readily solve such difficulty.

To take into account such Yukawa mediation contributions in soft SUSY breaking
parameters, it is better to derive the most general results involving the deflection. There
are two approaches to obtain the low energy SUSY spectrum in the (deflected) mirage type
mediation scenario:

e In the first approach, the mixed modulus-anomaly mediation soft SUSY spectrum is
given by their boundary values at the GUT scale [11]. Such a spectrum will receive
additional contributions towards its RGE running to low energy scale, especially
the threshold corrections related to the appearance of messengers [47, 48]. The soft
SUSY breaking parameters are obtained by combing numerical RGE evolutions with
threshold corrections. In [47], following this approach, some analytical expressions
of the soft SUSY spectrum, for example the gaugino masses, are given. General
expressions of the soft scalar masses and trilinear couplings are not given explicitly
except for some simplified cases.

e In the second approach which we will adopt, the soft SUSY spectrum at low energy
scale is derived directly from the low energy effective action. We know that the
SUGRA description in eq. (2.1) can be seen as a Wilsonian effective action after inte-
grating out the complex structure moduli and dilaton field. After the pseudo-modulus
acquires a VEV and determines the messenger threshold, the messenger sector can be
integrated out to obtain a low energy effective action below the messenger threshold.
So we anticipate the Kahler metric Zg and gauge kinetic f; will depend non-trivially
on the messenger threshold M2, /®'¢ and M.ss/¢, respectively. The resulting soft
SUSY spectrum below the messenger threshold can be derived from the wavefunction
renormalization approach [49]. The main difficulty here is to find the boundary value
dependencies of the wavefunction and gauge kinetic term.



In this approach, the most general expressions for soft SUSY breaking parameters
in deflected modulus-anomaly (mirage) mediation SUSY breaking mechanism are
derived below. Ordinary mirage mediation results can be obtained by setting the
deflection parameter 'd’ to zero.

— The gaugino masses are given by

M; = —g; <?£_?8liu+d§¢alna|X|>fa T7%’ )(;jb( (3-1)
— The trilinear terms are given by
Ay, = Adbe/Yabe (3.2)

— The soft sfermion masses are given by

2
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From the previous general expressions, we can deduce the concrete analytical results
for soft SUSY parameters. In our notation, we define the modulus mediation part

Fr
My = 7{1_‘ LT QY = 3 — (nz +n; + nk) . (34)
The gauge and Yukawa couplings are used in the form
2 A2
9 Mgk
o; = ﬁ, a)\ijk = A . (3.5)

3.1 Gaugino mass

The gaugino mass below the messenger scale can be obtained from eq. (3.1). At the GUT
(compactification scale) M, the gauge coupling unification requires

1
!
= 3.6
g*(GUT) (36)
The gauge coupling at scale p just below the messenger threshold M is given as
1 - 1 +bz‘+AbZ‘ In Mg b; n@
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The derivatives are given as
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So we can obtain the analytical results for gaugino mass

Fr 1 Fy b d_ Ab;
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with Ab; = b, — b; and b, b; the gauge beta function upon and below the messenger
thresholds, respectively. This results can coincide with the gaugino masses predicted from
RGE running with threshold corrections at the messenger scale. Following the approach
in [26-28], the gaugino mass at the scale u slightly below the messenger scale M will receive
additional gauge mediation contributions

2 2
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Then we can obtain the gaugino mass at scale y < M from one-loop RGE
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So we can see that the two results agree with each other.
3.2 Trilinear terms
From the form of wavefunction
A By,
yi(p) 9k (1)
Zi(w) = Zi(A ( ) ( 3.14
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we can obtain the trilinear terms for scales below the messenger M from eq. (3.2). The
main challenge is the calculation of 07;/0T.



Before we derive the final results involving all v, yp, y- and g3, g2, g1, we will study first
the simplest case in which only the top Yukawa oy = y?/4m and as = g3 /4w are kept in
the anomalous dimension. The RGE equation for a; and «; takes the form

d 1 8 d 1
alnat = <30¢t — 3as> , alnas = —%bgas. (3.15)
16
Note the definition b3 differs by a minus sign. Define A = (atas %3 ) , the equation can
be written as
d _ 3 3
i A— —;as% : (3.16)

So we can exactly solve the differential equation to get
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Expanding the expressions and neglect high order terms, we finally have
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after calculations. It can be observed that the expression within the square bracket is just
the beta function of top Yukawa coupling.

Now we will calculate 0Z;/9T with all y;, yp, yr and g3, g2, g1 taking into account in
the expression.
e Deduction of 07;/0T without messenger deflections.
From the form of wavefunction

N () \™ gr(p) \"*
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1=yt yb,yr =1,2,3

and renormalizatoin Z = Zy(1 + §Z), we have
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with m = 1,2 corresponding to the value at the scale p and the GUT scale, respectively.
The derivative with respect to g,, gives
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and
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The derivative with respect to y; gives
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So the derivative with respect to T is given by
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We know from the expression of the wavefunction, the coefficients satisfy
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= = 2 2
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for coefficients of «,,. While the coefficients for Yukawa couplings Y}, within Z; satisfy

A 0G 7,
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So the final results reduces to
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with the expressions in the second square bracket being the anomalous dimension of Z;.

e Deduction of 07;/0T with messenger deflections.

The form of wavefunction should be
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with yy the interaction involving the messengers which will be integrated below the mes-
senger scale.

We have
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with m = 1,2 corresponding to the value at the scale p and the GUT scale, respectively.



Using similar deductions for Yukawa couplings, we can obtain
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with the beta function for v, yp, ¥y Yukawa couplings
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and the beta function for new messenger-matter yy Yukawa couplings
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and similarly for g,,, the sum then reduces to the previous case. So we have for y < M
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Note that the expressions within the square bracket agree with the anomalous dimension
of Z; below the messenger threshold M

_dz 1 (1,
Gi = = —7 <2 kl)\lzkl 2CT‘g7‘> . (334)

The G’;r, which is the anomalous dimension of Z; upon the messenger threshold M, do not
appear in the final expressions.

The dependence of Z; on messenger scale M can be derived following the techniques [50, 51]
developed in gauge mediated SUSY breaking (GMSB) [52-58] scenarios. From the expres-

sions of the wavefunction, we can obtain

1
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So the main challenge is to calculate 01ln Y (p, In M)/01In M.
From the beta functions for Yukawa couplings upon and below the messenger thresh-
olds, the Yukawa couplings at scale y < M is given as
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with the Yukawa beta functions expressed as
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We can derive the Yukawa couplings dependence on 'In M’ at scale u < M
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In the case AG = 0 in which no additional Yukawa couplings involving the messengers are
present, we have

0
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Note that at the messenger scale

0
olnM

InY,(In M,In M) = AG4(In M). (3.39)

The expressions takes a simple form at the scale u slightly below the messenger scale M

v Fr
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with AG; = G — G [here 'G}(G;) denotes respectively the anomalous dimension of

Z; upon (below) the messenger threshold] the discontinuity of anomalous dimension across
the messenger threshold.

3.3 Soft scalar masses

The soft scalar masses are given as

Frd F, 0 o |
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- === d 1 B3 Zi(u, X, T)|,
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The new ingredients are the second derivative of Z; with respect to T
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with the beta function of Y;;, given by
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and

aa(p) . ba
m =1- %aa(,u) In <M> : (3.43)

The other terms within eq. (3.40) can be found in GMSB (not involving 07 ) or
calculated directly using eq. (3.21) and eq. (3.23) (involving 07 ). We list the analytical
results of deflected mirage mediation in appendix B.

4  Applications of the general analytical results

4.1 Analytical results for mirage mediation

Equipped with the previous deduction, we can readily reproduce the ordinary mirage me-
diation results by setting d — 0. As the visible gauge fields originate from D7 branes and
gauge coupling unification is always assumed, we adopt [, = 1. The following definitions

are used
F F, F,
My = 2£ = ‘i’w i 2, (4.1)
ol ()~ Ao
m3/2

with the parameter o defined as the ratio between the anomaly mediation and modulus
mediation contributions and the approximation In(Mp;/mgs) &~ 47*. We have

e Gaugino mass:

2( F
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M;(p) = 1o M, big2 (1) ,
(1) 02(GUT) | 167279 (1)
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So we can see that at the scale pps; which satisfies
—In[—— ) =— 4.3
o ( o ) . (43)

the gaugino masses unify at such ‘mirage’ unification scale
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Pl
e Trilinear term:
Ay, (p S M)
- Z {_M02177 Bd;k(?) ay;;, oy, (1) 2Ca(i>laaa<ﬂ):| In (GST)
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In case the effect of Yukawa couplings are negligible or ay;;,, = 2, the trilinear term also

“unify” at a mirage scale at which the last two terms cancel

1 ! <MGUT) B
—In = T,
27 123783

which is just the mirage scale for gaugino mass “unification”.

e Soft scalar masses:

N

Mg Mgur Aoy .
—mZ= 2—73111 (M) % (q%jk +9Yijk> ay, (1) —2C,(7) (la+l2) g,

1 |diy v , GUT
+ by ; ay,,,. (1) (—gmqmmpaymw—Fchlaaa) —|—2C’a(z)bao<§ In <M) }
MyF, dék 1 |ar Mgut ) a?
oy [—agy, — B —2¢,l0p | In| ——— 20, (1)ly——=2—
or |2 WYur| TP o | Ty Dy Wy T 2Crtr | A0 T T ] I @) a.(GUT)

F2ldi, 1 (ar b
¢ k mn . a
|2 27r< 5 Winnp —26rQr amjk—20a(z)ga§ —(1—n;) Mg,

with gy,

7

(4.5)

(4.6)

w =3- (n; + nj +ng) = 3 — ajjr. Again, we can check that for qv,;, = 1 or

negligible Yukawa couplings, the soft scalar masses apparent unify at pps; defined above

d’ 1
=mwaM? {Q;QYM (1) —4C, (i) og + o

dr : 1
%aymw —201,0411 27r2a> +2C, (i) (aa — baa§27r2a>]

d’ 1
+2raM? [;ka n (—H— o

2T

djy, 1 (dp : b
9.3 272 | ik 1 mn P _ N Ya 2
2o M [ 5 o < 5 Yy 20,,%) ay,;, —2C,(7) 5, Ya

=0.

d’ ar
%ka i (—’;"aymw—lﬂcraa) +2Ca(i)baozz] 27T2a}

(4.7)

The subleading terms within 92Z;/0T? are crucial for the exact cancelation of anomaly

mediation and RGE effects.

So the numerical results of ‘mirage’ unification can be proved rigourously with our ana-

lytical expressions.

4.2 Deflection in mirage mediation from the Kahler potential

It is well known that AMSB is bothered by tachyonic slepton problems. Such a problem in

AMSB can be solved by the deflection of RGE trajectory with the introduction of messenger

sector. There are two possible ways to deflect the AMSB trajectory with the presence of

messengers, either by pseudo-moduli field [19, 20] or holomorphic terms (for messengers) in

the Kahler potential [59]. Mirage mediation is a typical mixed modulus-anomaly mediation

— 14 —



scenario. So the messenger sector, which can give additional gauge or Yukawa mediation
contributions, can also be added in the Kahler potential.
The Kahler potential involving the vector-like messengers P;, P; contain the ordinary

kinetic terms as well as new holomorphic terms

K2 ¢'¢|Zp (T, T) (PjPi + PJR-) + (ZPP (T1, T)ep PP, + h.c.)} , (4.8)

with
Z-TTT—il Z—TTT—il 4.9
PZ‘,PZ‘( 9 )_ (T+TT)nP 9 P’L:Pi( ) )_ (T_'_T-‘-)ﬁp ( . )

After normalizing and rescaling each superfield with the compensator field & — ¢® and
substituting the F-term VEVs of the compensator field ¢ = 1 + F¢92, the relevant Kahler
potential reduces to

W= /d4 T-|—TT)”P — (cpRPP). (4.10)

For simply, we define np — np = ap. Especially, ap = np for np = 0.
The SUSY breaking effects can be taken into account by introducing a spurion super-
fields R with the spurion VEV as

1 ap |Fr|?
R= Mg+ 0°Fp = (F— ) 0 |a 1 “IER2, @
R+ 0°FR (2T)r ¢~ 57 + plap +1) 172 | F| (4.11)
with the value of the deflection parameter
Fr
= -1 4.12
MRgFy ’ ( )
depending on the choice of ap and « which gives d = —2 for ap = 0. We can see that

adding messenger sector in the Kahler potential within mirage mediation will display a
new feature in contrast to the AMSB case which always predicts d = —2.

The appearance of spurion messenger threshold will affect the AMSB RGE trajectory
after integrating out the heavy messenger modes. The soft SUSY breaking parameters can
be obtained by substituting 'd’ into the general formula given in the appendix. Note that
we can derive the final results directly with its low energy analytical expressions. Besides,
we can also add messenger-matter mixing to induce new Yukawa couplings between the
messengers and the MSSM fields. In this case, new Yukawa mediated contributions will

also contribute to the low energy soft SUSY parameters (See refs. [61-63] for an example
in AMSB).

4.3 Deflected mirage mediation with messenger-matter interactions

In ordinary deflected mirage mediation SUSY breaking scenarios, additional messengers are
introduced merely to amend the gauge beta functions which will subsequently feed into the
low energy soft SUSY breaking parameters. In general, it is possible that the messengers
will share some new Yukawa-type interactions with the visible (N)MSSM superfields, which

~15 —



subsequently will appear in the anomalous dimension of the superfields and contribute to
the low energy soft SUSY breaking parameters. Such realizations have analogs in AMSB
(see [61-63]) and can be readily extended to include the modulus mediation contributions.

Similar to the deflected mirage mediation scenarios, the superpotential include possible
pseudo-modulus superfields X, the relevant nearly flat superpotential W (X)) to determine
the deflection and a new part that includes messenger-matter interactions

Winm = Agij X QiQ; + 4ijnQiQ;Qr + W(X), (4.13)

with the Kahler potential

e (147 ) b i
Here ¢’ denotes the compensator field with Weyl weight 1. The indices ‘4, 7 run over all
MSSM and messenger fields and the subscripts ‘U, D’ denote the case upon and below the
messenger threshold, respectively.

After integrating out the heavy messenger fields, the visible sector superfields @, will
receive wavefunction normalization

r—= | dpot 7z PR ﬁ A20y45, 0 QP Q° .
| iz T @+ [ Pom@i@er,  (115)

which can give additional contributions to soft supersymmetry breaking parameters. Here
the analytic continuing threshold superfield ‘X’ will trigger SUSY breaking mainly from
the anomaly induced SUSY breaking effects with the form < X >= M +6?Fx. So we have
X M+ Fx6?

= = M(1+ dF6?), (4.16)

X
¢ 14 Fyb?

with the value of the deflection parameter 'd’ determined by the form of superpotential
W(X).

Integrating out the messengers, the messenger-matter interactions will cause the dis-
continuity of the anomalous dimension upon and below the threshold. Such discontinuity
will appear not only directly in the expressions for the trilinear couplings but also indi-
rectly in the soft scalar masses. For example, the trilinear couplings at the messenger scale
receive additional contributions

d 9 “Ko/3
My = 3 3Fognye " Zup x|

a:Z7.]7

d
=5 F > AG,_y - (4.17)

a=1i,j,k

We know that large trilinear couplings, especially A¢, is welcome in low energy phenomeno-
logical studies to reduce fine tuning and increase the Higgs mass. So the introduction of
messenger-matter interactions can open new possibilities for mirage phenomenology.
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5 Conclusions

We derive explicitly the soft SUSY breaking parameters at arbitrary low energy scale in
the (deflected) mirage type mediation scenarios with possible gauge or Yukawa mediation
contributions. Based on the Wilsonian effective action after integrating out the messengers,
we obtain analytically the boundary value (at the GUT scale) dependencies of the effective
wavefunctions and gauge kinetic terms. Note that the messenger scale dependencies of the
effective wavefunctions and gauge kinetic terms had already been discussed in GMSB. The
RGE boundary value dependencies, which is a special feature in (deflected) mirage type
mediation, is the key new ingredients in this study. The appearance of ‘mirage’ unification
scale in mirage mediation is proved rigorously with our analytical results. We also discuss
briefly the new features in deflected mirage mediation scenario in the case the deflection
comes purely from the Kahler potential and the case with messenger-matter interactions.

We should note that our approach is in principle different from that of ref. [47] in which
the soft SUSY breaking parameters are obtained by numerical RGE evolution, matching
and threshold corrections. For example, mixed gauge-modulus mediation contributions,
which will not appear in previous approach, will be necessarily present for the soft scalar
masses in our approach.
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A Coefficients in wavefunction expansion

We can construct the RGE invariants

d dlny, dln g
—InZ;, = A B Al
gr 4 Z g + Z T (A.1)
l=yt,yp,yr l=g3,92,91
by solving the equation in the basis of (v?,yZ,y2, 93, g5, 97)
6 1 0 000 Ay —2c
1 6 3 00O Ay —2co
00 1 4000 ||A | | 2 (A2)
~5 -5 06300 By | | —2d1 |’ '
-3 =3 =30b 0 By —2ds
7
~1B T 990/ \B —2d3

with ¢y, ¢z, c3, d1, d2, ds the relevant coefficients of (y7, yZ, y2, g3, 93, g7) within the anoma-
lous dimension. So from

d _ _
1% I )™ IT lox(u) =" | =0, (A3)

l:yt:yb:yr k=1,2,3
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Ax(ye) | A2(wp) | As(yr) | Bs(gs) | Ba(g2) | Bi(g1)
0 _17 20 5 128 87 5
3 61 61 61 183 61 183
U _42 8 _2 48 108 48
3 61 61 61 61 61 671
D 8 48 12 112 84 112
3 61 61 61 183 61 2013
L _3 18 _35 _80 123 _103
3 61 61 61 183 61 2013
E 6 36 70 160 120 160
3 61 61 61 183 61 2013
H _63 12 _3 272 21 _ 89
u 61 61 61 183 61 2013
H 9 _54 _17 80 _3 _19
d 61 61 61 61 61 671
Q> 0 0 0 -16 3 >
Us 0 0 0 -1 0 5
16 4
Do 0 0 0 -3 0 39
Ly 0 0 0 0 3 &
Es 0 0 0 0 0 &

Table 1. Relevant coefficients in wavefunction expansion with Nz = 0 messengers.

we have

A, By
Ziw =7 ] (zjgjg) 1T (j:(%) | (A4)

l:ytuyb)y‘r k:13273
The general expressions of wavefunction at ordinary scale u below the messenger scale
M are given as

Zw -z [ (Zl((l\f))yz | ﬂHQ,S <ggkk((JA\4))>Bk ng <y;k(<AA4)>>ck

l=yt,Yp,Yyr

I (2e)" qp (2e)", s

1=yt,yp,Yr k=1,2,3

with yy the interactions involving the messengers which will be integrated below the mes-
senger scale. The coefficients are listed in table 1 and table 2.

B Low energy spectrum in deflected mirage mediation

In order to show some essential features of our effective theory results, we list the pre-
dicted soft SUSY breaking parameters in deflected mirage mediation mechanism with Np
messengers in 5 & 5 representations of SU(5).

At energy p below the messenger thresholds, we have

e The gaugino masses:

2
g?g(i(}(é)T) IO big? (1) — 2 Nig(n) (B.1)

Mi(p) = laMo 1672 i 1672
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Bgs (Z) Bgz (Z) Bgl (Z)

Qs | (—128 61 138 128) (87, 8T 29 87 (—-3., 05 _ 55 _ 55
3 183>~ 61 61’ 61 61> 1227 61’ 305 183> ~ 23187 2623’ 3233
U (=28 12 14414y ) (108 54 36 108) (48 T2 0 lad ol
3 61> 610 61 61 61’ 61> 612 305 671> 1159’ 2623’ 3233
Dy | (-H2 56 12 U2y | (84 42 28 84 (2 56 12 - 112
3 183> 61 61’ 61 61° 61> 61> 305 2013> 11597 2623’ 3233
L (_& —40 _ 80 j) (@ 123 41 @) (_& — 103 _ 103 _&)
3 183° 61’ 61 61 61> 1227 61’ 305 2013 ~ 2318~ 2623° 3233
Bs | (-l60 80 160 160y | ( 120 60 40 _ 24 (460 80 160 160
3 183> 61 61’ 61 61° 610 61> 61 2013 T159° 2623° 3233
H (m@m,m) (EALA) (f89f89f89f89)
u 183> 61> 61> 61 61> 1227 61’ 305 2013~ 2318~ 2623° 3233
H (80 120 240240y | (_3 _ 3 L 3y (_19 .3 5T _ 57
d 61> 61 61° 61 61’ 122> 61> 305 671> 122> 2623 3233
16 _8 16 16 3 3 11 1 1
Q| (-9,-5.-3 3) 3, 51, 5) (99, T2 1207 T50)
16 _8 _16 16 16 8 16 16
U2 (_?7_37_§7 ?) (07 07 07 O) (@7 577 129 ﬁ)
16 _8 _16 16 4 2 4 4
D2 (_?7_§a_§7 ?) (Oa Oa Oa 0) (@7 577 129 ﬁ)
3 3 1 3 3 3
L2 (07 07 07 0) <3’ 27 1’ 5) (ﬁ7 387 43> ﬁ)
4 6 12 12
Bs (0, 0,0, 0) (0, 0, 0, 0) (11> 19 150 53)

Table 2. The coefficients with Nrp = 0,1, 2,4 messengers without new Yukawa couplings involving
the messengers-matter interactions. The coefficients for y, yp, y-, namely Ay (y:),A2(ys),A3(y, ), are
the same as the case Np = 1.

with

(b, ba,b1) = <—3, 1, 3;’) . (B.2)

e The trilinear couplings A;, Ay and A,.
Note that at the messenger scale, the third contribution dx Z; vanishes. The trilinear A;

term is given at arbitrary low energy scale u < M

At (,"L) — Qy, MO

_ Mo |y u _16 _ B Mgur
= 20 (6% () + B )~ Pscl) — Baca) — 1t )] n (M
F, 16 13
12 (60,00 + o) = i) = 3ati) = 1201 + 8. (B.3)

Note that additional GMSB-type contributions are

F
bo=dzt Y Y [(Bk(F) — BL(F))(bg + Np)ap(M) + BL(F)Npag(u)
k=1,2,3 F:Q%7U37Hu
Iy ;1 ~ 2 M
tdg > A5 Nrér(y)az(p) In <M)
Yi=Yt,Yb,Yr k=1,2,3

=1t |2 e (a8 + 30300 + Zadn ) m ()] (B.4)
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with 2¢,(y;) the coefficients of g2 within —167%3,, and

Y Bi(F)= ). BuF)=0. (B.5)

F:Qi)US)Hu F:Q%7U37Hu

The trilinear Ay term is

Ap(p) —qy, Mo

My |q q Qy, 16 7 Mcur
=50 [;tayt(u)%;bayb(ﬂﬂ 5 ayT(u)—3lgag(u)—3l2a2(ﬂ)_wllal(u)} 1H<M)
Iy 16 7
+E {ayt(ﬂ)+6ayb(/‘)+ayf (N)_303(M)—3042(H)_L5a1(ﬂ)]
F¢ 1 16 2 9 7 9 M
Tl [_287r2NF<30‘3(“)+3a2(u)+150¢1(ﬂ) ()| (B.6)

The trilinear A, term is

AT(/’L) - quMO

— % [3q;‘7ayb(u) + 4q;T oy, (1) — 3laaa(p) — 211041(#)} In (MiUT>
+ 512 [0 0 + () = 30200~ Jen )]
+ d% |:—2817[_2NF <3a§(u) + 2@?(#)) In <Aj)] : (B-7)

e The soft SUSY breaking scalar masses are parameterized by several terms:
—mi = —(1 = ng) M§ + 61 + 811 + 6111 + 61v + Ov-. (B.8)

The anomalous dimension of Z; is supposed to take the form

dnz, 1 (1
T dlnp 27

' By ’;ClaAikl - 2Ca(i)aa> s (B.Q)

with ay,,, = A%, /47 and a, = g2/4x.

— Pure modulus mediation contributions

M2 (M d: ,
o= Moy, <GUT> {]k (a0 + 0y ) 72y () = 2Ca(i) (1 +12) 0

27 n 2
<GUT>
In{—— ;.
u

(B.10)

b

di’k ngn 2
%a ijk (ILL) _Tqymnpaymnp + 2crlaaa + QCCL(Z)baaCL
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— Pure anomaly mediation contributions

= —gfa(lim [;d}'da&.kl — QCa(i)aa] ,
- _gf B 1AW 2Gy, — ZC’a(i);Wbaa?L] , (B.12)
with the beta function for Yukawa coupling \;z; being
dcllrll:\;fl =Gy, = 41 {Qdfnnaxmnp — 2crar} . (B.13)

— Pure gauge mediation contributions

As no new interactions involving the messengers are present, we have

1

S In [e*Ko/?)ZZ} = = Z [(Bk — Bllg)(bk + Np)ag (M) + B;Npak(u)]
. M
+ZA;4CQAb a2(1) In (u) . (B.14)
So
F?2 2
_ 279 —Ko/3 7.
=d"———=1 0z, B.1
o1 =4 S e n[e ] (B.15)
2 Fj / 2 2 I AT2 ; Cr
=d’ =% > [(Be—By)(bk+Nr)?ai (M) +BpNo? +ZA ~AbraZ ()
Ik
Here
0 b
M) = o (M
ot a7 M) = k(M)
0 b]i_ — b, _ Abg
— The gauge-anomaly interference term
dF? 52
Sy = ——2 In e 50/ Z;(pu, X, T
v 2 Mooy {e (1, X, ﬂ’
dF; 9 | 1
= _78lnu = ; [(Br — By,)(by, + Np)ag (M) + By Nrag ()]
Cr M
ZA;4 5 AbyaZ(p) In (u) ,
dF2

- 21 —



— The modulus-anomaly and modulus-gauge interference terms are given as

FrFy 02 K dFrF,  9? _
by =——2_— | /37, In [e~Ko/3 7,
v 5 9Tdlnp o e [+=5 9T |X| o e |
FrFy o [1 ,
dFrFs 0 | 1
g ¢ETT EZ[(Bk_B;c)(bk+NF)ak(M)+BII<:NFak(/~L)]
9k
. v
+ZA;4C2AbToz$(,u)ln () ,
}/'l /’I/
_ MoFy [dj, 1 [din G
T on [2 Nt \ T T 50 | T By OAny — 260l | In o
la a?
20, (i) 2% — ¢
26, (Z)Taa(GUT)]
dFy My / aj (M) / aj(p)
— Bi — BL) (b + Np)ly—E 2 + By Npl,—Etl
drr %[( k= Bi) (e + F)kak(GUT)+ R e (GUT)
dMoF, _ 203 (1) M
- N4 CAb L — L () B.1
ZY: g2 © a(GUT) . 1 (B.18)
1
with
0 b ar(p)
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