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1 Introduction

Models with Dirac gaugino masses are attractive for a number of reasons. From a top-

down model-building perspective, this is because they preserve R-symmetry, and so allow

for simple supersymmetry-breaking sectors. This has attracted much interest in the liter-

ature [1-31]. On the other hand, if gauginos are found at the LHC, it must be determined

whether they are of Majorana or Dirac type [27, 32-35]. Moreover, with the current re-

sults from the LHC, Dirac mass terms allow the preservation of naturalness by having lower

bounds on the gluino and squark masses in the Majorana case (they are “super-safe” [29]);

by increasing the Higgs mass due to additional couplings [4, 5, 8, 21]; and because they do

not cause the Higgs masses to run as strongly [4, 16, 36].



Particularly out of a desire to study the naturalness and Higgs sectors of such theories,
it is important to know the renormalisation group equations (RGEs) for them. The purpose
of this paper is to complete the set of RGEs to two-loop order.

The standard soft supersymmetry-breaking mass terms are well known:

1 . 1 1 .. 1 ..
Lstandard = — §(m2)§¢>i¢] = 5 MAada = 5BY¢ig; — EA”%NSJ'% + h.c. (1.1)
where the ¢; are the scalars of chiral multiplets ®; = ¢; +v/2(0¢;) +. .. and ¢’ = (¢;)*; Aa
are gauginos. The above includes Majorana gaugino masses M. However, Dirac gaugino

masses fall under the category of “non-standard” soft terms:

A ) 1 .
['non—standard = - tqui - mgl i)\A - 5r23k¢i¢j¢k + h.c. (12)

General choices of these terms will lead to quadratic divergences in singlet tadpoles, and
this has often led to the terms being neglected or only included in theories without singlets.
However, to give a Dirac mass to the Bino, a singlet superfield must be included, so it is
necessary to worry about this issue. On the other hand, when supersymmetry is sponta-
neously broken, the expectation is that no quadratic divergences should be generated, and
indeed it is generically found that only supersoft [4] operators are generated:

Esupersoft 3/d29\/§mif)49a¢iWAa + h.c.
S — mBida +V2mE¢iDa + hec., (1.3)

where D4 is the D-term of the gauge group to which the adjoint couples with adjoint
index ‘A’. They lead to a particular structure of non-standard soft terms such that the
quadratic divergences exactly cancel. These interestingly augment supersymmetric trilinear
couplings; including a superpotential

, 1 .. 1 ..
W =L'®; + 5,“”(1)1'(1)]’ + éyl]k@i@j@k (1.4)
the non-standard trilinear couplings are

=Y g V2 (mig (E)] + it ()})
7" = Y™ 4+ V2g(mpia(th)s + mpia(th)r) (1.5)

where (tA)§ are the generators of the gauge group. Of course, the supersymmetric terms
do not generate quadratic divergences — these are cancelled by fermion loops — and only
receive wavefunction renormalisation. The would-be quadratic divergences from the non-
supersymmetric, supersoft, piece are not cancelled by fermion loops but instead vanish
when they are all summed.

If there is a Fayet-Iliopoulos (FI) term &y (where Y denotes a U(1) index) then a
contribution to the tadpole is generated of

At =v2mY) &y (1.6)



Typically, however, any FI term generated can be absorbed into the soft masses; this
equation shows that in the presence of Dirac gaugino mass terms it should also be absorbed
into a shift of the tadpole. Interestingly, there is also a supersymmetric term that emulates
a tadpole equal to £ D — L;¢;+-c.c.; of course this only has wavefunction renormalisation,
just as for the trilinear terms above.

An important point is that the supersoft operator also generates contributions to the
standard soft breaking terms via the self-coupling: from integrating out the auxiliary D-
field there are terms

LD — (mpei+ sz’Aﬁf)i)(m]bA%‘ +mpjad’) (1.7)
and so

i
J
AB"Y :QmiﬁlmjDA = 2(m%)¥. (1.8)

A(m2)§- :Qm%‘ijA = 2(m2D)

The two-loop renormalisation group equations (RGEs) for standard SUSY-breaking
terms were derived some time ago [37-40], and later the generic RGEs for non-standard soft
terms were calculated in the absence of singlets [41, 42]. They also found that restricting the
non-standard terms to only be generated from supersoft operators defined a renormalisation
group invariant trajectory, explained by the holomorphic nature of the supersoft operator.
This means that equations (1.5) and (1.8) are true at any renormalisation scale. The
supersoft operator only obtains wavefunction renormalisation, so its beta-function is

Brsa =imiy + %’miﬁ‘ (1.9)

where 'y;- is the anomalous dimension of the adjoint superfield, and j3, is the beta-function
for the gauge coupling. Thus in a theory with Dirac gaugino mass terms, the RGEs for
the standard soft terms can be found and evolved ignoring the Dirac gaugino mass, and
then at the scale of interest the shifts (1.8) can be applied to find the physical masses. In
a theory without gauge singlets, this is then enough to determine all of the RGEs in the
theory. However, when there are singlets — such as when there is a Dirac mass for the
Bino — the RGE for the tadpole is also required, which is a non-standard term so may
depend upon the Dirac gaugino mass, and not just via the above shifts. Considering that
the singlet superfield may couple to the Higgs via a term

W S AgSHy-Hg (1.10)

it is clear that knowing the size of the singlet tapdole (indeed, ensuring that it is not too
large, since it is not protected by R symmetry for example) is vital in order to investigate
electroweak symmetry breaking and determine the Higgs mass. The main result of this
paper is to determine these RGEs to two-loop order.

In section 2 the result is presented, with an explanation of how the different terms
arise. The method used is that of Martin and Vaughn [38], deriving the RGE for a tadpole



in a general renormalisable theory from the expressions given in [43-46], then specialising

to the softly broken supersymmetric case, transforming from MS to DR’. To do this the
rules given in [47] will be used, and augmented with a new rule for Dirac gaugino mass
terms. In section 3 and appendix B the RGEs are derived for a minimal Dirac gaugino
extension of the supersymmetric standard model with rather general couplings. In addition,
appendix A contains some discussion of the effect when the non-standard terms are not of
the supersoft type.

2 Tadpole RGEs

There are several ways to derive the RGEs for softly broken supersymmetric models: by
diagrams in component fields; by supergraphs; by RG invariance of the effective poten-
tial [41]; or by translating the results from a general renormalisable theory into the broken
supersymmetric case. This last approach is the one adopted here, although the one-loop
result was checked via the effective potential method.

2.1 Tadpole in non-supersymmetric theories

The first step in calculating the tadpole is to write down the expression in general non-
supersymmetric theories. This can be derived using spurions from the RGEs for the quartic
coupling in a general renormalisable theory given in [43-46]. Such a theory with real scalars
¢q and complex fermions 1; has couplings

1 1 1
£ = 51 MabeaPa®bedi = ghabea®pde = 5Mapbadh — tada

1

= 5 Lmp)s (ithy) + (Y)iyba(toithy) + Do ] (2.1)

in addition to a gauge coupling g.
The one-loop tadpole RGE is found to be

(47)2 By, =2KY5(S)t;, + haefmzf — 4/£Tr(Yam}mfm}) - 4/<;T1"(YaTmfm}mf) (2.2)
where k = 1/2 for Weyl fermions (or 1 for Dirac fermions) and
1
Yy (S)2b Eiﬂ(YT“Yb +vTtye), (2.3)
The two-loop tadpole RGE is

Bt :(7(52))2%
2
+ haepm?y(8¢°CyT — 4rY5(S)19) — %haefheghh foh — 9°M2 Aacghhson

+ 4k (2?2 +HY 1 oW, +2H% — 2HF ) (2.4)



where now 02f 9 is the quadratic casimir of the gauge group for the representation carried

by fields f and g, and
1 3
YONE = N ede Nvede — KT (YUY TPV eV Te) — wTr(YOY oY Y T€) 4542 Tr(CoY 4V 1) +c.c.
S a0y 2
o= 2haef Tr(m Y Tom Y1) 4 4mszr(YaYTemeTf) + c.c.

a
HY = Tr(YQ(F)m}Y“m}mf + YQ(F)m}mfm}Ya) + c.c.

— 1

HaY = §Tr(YT€Y“YT€mfmJ}mf + QYTemeTeY“mJ}mf + YTemeTemeT“mf) +c.c.

H? = Tr(Y“m}YemJ}meTe) + c.c.

HE = 4Tr(C2Yam}mfm}) + c.c. (2.5)
Here

Ya(F)ij =(Y10Y%);;. (2.6)

2.2 Translating from MS to DR

To specialise the above expressions to the supersymmetric case, they must be transformed
to a complex basis (by summing repeated indices over both raised and lowered indices
alternately) and insert the SUSY couplings. These can be written as block diagonal ma-
trices, with the top row/left column corresponding to gauge indices, and bottom row/right

column matter indices. The Yukawa matrices become

_ 0 ()] i 0 ()
Yi_ﬁg((#‘)ﬂf 0 > Y _\@g<(#‘)§ 0 )

(2

(0 0 0 0
Yi= o Yl = (2.7)
0y 0 Yijk

where (tA)g are the gauge generators. With the definitions

(Ya)§ =Y *“MWpeq
S48 = (t4)] (1P)} (2.8)

then

Ya(9)5 — (Ya)i + 4g°Cy )

2925 1 0
Yo (F . 2.9
2( )—>< 9 29202+Y2> (2.9)

The fermion mass terms then become

my = (M ! mg‘) . (2.10)

iB ]
myy p



The one-loop corrections from translating from MS to DR only modify the fermionic
part. Specialising to the case of interest, where ‘a’ is a singlet index, the corrections to the
couplings are [47]:

g° g°
g e 51C2(7) + Ca(j)] iy = 3%2{02,#}
2
s
M =M+ C’Q(G)M = =2 {Ca, M)
vy J@@+@W]

3
=Y} + {02’ v}
Y, —0. (2.11)

For general Yukawa couplings (not involving a singlet) there are additional contributions;
there is also a shift for general quartic couplings. However, they will not be relevant here.

For the Dirac gaugino mass, there is a similar transformation derived via the same
technique:

2 2

MmpiA —MpiA + 1g 5C2(G)mpia = mpia + #{Cz,mz)m} (2.12)

and hence

2
g
mg —>mf+32?{02,mf}. (2.13)

Note that there is no difference for the scalar trilinear couplings r o rl-jk between MS and

TR/, just as there is none for the couplings A7*.

2.3 Result

The expressions can now be transformed to the SUSY basis and the shifts applied as
described in subsection 2.2 to the expressions for the non-SUSY tadpole RGEs in subsec-
tion 2.1 to obtain the RGEs for the tadpole in the theory described by equations (1.1), (1.2)
and (1.4). After a large amount of tedious algebra, the result for the tadpole beta-functions
can be simply written as

D =xP +xP + xP) (2.14)

where i is the loop order, X g) is the tadpole beta-function involving only standard soft

terms, given by [39]

(4m)2X ) = (am)2(yV)ged
+ A%T(Beg + YergL?) + Yepnp™ B + 2Y 9% o (m?)}1 (2.15)



and
(4m)* X = (am)} (@)t

- AaefAeghthmNmf - Yaem:“mfAeghAfgh - Yvefm,umaAfgthqhn/'Lne

— 46> AT (Co) F M e — 497 Ye pp™ (Ca) i MM + 87| M P (Co )Y M

— 49" M(Bes + Yepp LP)(Co)5Y 7

o Yaem(yQ)k (mQ)f,U/kf o 2yahmymegyfgnlunh(m2)?
+ (49°Cs — Y2)] [V iy () + Y g (m?)
+ (46°Cy = Y2) [ A9 (Beg + YopmL™) + Yopuu™ BY|

— Y "Y,on (Bes + Yo pp L) AT9R, (2.16)

In the above, (V)¢ and (y(?)¢ are the one- and two-loop chiral superfield anomalous
dimensions for singlets respectively, given by

(47 (O = L (V) — 20%(C
(4m) (1) =207 (CfY Vit — Vi (V)Y (2.17)
The new terms are
(4m)2x " = 2v2gym® Tr(Ym?)
(4m) X P =2v2gymE Tr(Ym?(4g°Cy — V2)) (2.18)

where ) is the charge operator of U(1)y, and
(4m)2X ) =2[(mh)es (A + MY*“T) 1 Yo gyt (md)“! |
(4m) X5 =4(B0), fmp)f [ (mb)es (A™ + MY ) + Y gy (mh)“ |
(B, /m)] = 5 (V)] + 62(5> — 5CH())3Y, (219)

The new contributions can be explained as follows. Firstly, the presence of X is simply
due to the renormalisation of the Fayet-Iliopoulos term. Since the FI term is absorbed as it
is generated by the running into the soft term and the tadpole (so £ = 0), via equation (1.6),
it is found that

Xe = dlo (\fm &) = V2mY Be, - (2.20)

The result for the RGE of the FI term is then exactly as found in [48], without any additional
piece coming from Dirac gaugino terms. They gave

16726 = 2 Te[ym?)
167208 = — 4gTe[ym?Y)]
167°(,)] = (¥2)] — 24°(C)] (221)

which clearly exactly agrees with the above.



Secondly, the Xp terms contain two terms mimicking B insertions — via equation (1.8)
— in the supergraph when they do not involve a gauge line, but not m? insertions. The
additional term proportional to M (mp)? is new and could not be obtained from shifting a
standard term. Then the two-loop terms involve just wavefunction renormalisation of these.

Since the tree-level RGE for the tadpole only includes a gauge coupling via the FI
term X¢, the two-loop contributions X éQ),X](DQ) include only one gauge coupling, and so
the interpretation of the above result for several gauge groups is straightforward; indeed
if there is more than one U(1) gauge group then kinetic mixing can be easily included

following the recipe of [49].

3 RGEs of a Dirac gaugino extension of the (N)MSSM

Here I present the full two-loop RGEs for a Dirac gaugino extension of the (N)MSSM. For
generality, both Dirac and Majorana masses are included, as are all of the phenomenologi-
cally interesting superpotential couplings involving the new adjoint superfields, even those
that break R-symmetry (this is motivated by generality and the possiblity of generating
and B, terms [21]). Hence the model encompasses those studied in e.g. [4, 5] and [13, 16, 21]
(the one-loop RGEs were presented in [16] without including Majorana gaugino masses).
The particle content of the model is just that of the MSSM extended by adjoint chiral
. . Y RRVO)

superfields S, T, O where S is a singlet, T' = 3 VAT~ —T0
O a colour octet. The Dirac gaugino masses are denoted mpi,mpo, mp3 coupling the

an SU(2) triplet, and

respective singlet, triplet and octet fermions to the gauginos of the corresponding group,
with gauge couplings g1, g2, g3 and Majorana masses My, Ms, M.
The superpotential of the model is:

W = YyagH, — YadqHy — Y.élHy + pHy-Hg
+AsSH,-Hg + 2ArHgq-TH,
+LS + %82 + gs?’ + Mztr(TT) + Motr(00), (3.1)
the usual scalar soft terms are
—ALSHar sof — 1A aGH, — AgdGHy — AcelHy + h.c.)
+myy, |Hul> + m, |Ha?> + [ByH, - Hy + h.c]
+q (my)] s+ ()i + d'(md)]d; + F(m})]l; + € (m2)le;  (3:2)
and there are soft terms involving the adjoint scalars
— AL = (1S + h.c.)

1
+m%|S|% + §B5(52 + h.c.) + 2matr(TTT) + (Brte(TT) + h.c.)
1
+|AsAsSH, - Hy+ 2ArH, - TH, + gmAHS3 + h.c.

+2m2tr(0T0) + (Botr(0O0) + h.c.) (3.3)
with the definition H, - Hy = HH; — HJHJ.



The most general renormalisable Lagrangian would include additional superpotential

interactions!

Wy = AgrStr(TT) + AsoStr(00) + %Otr(OOO). (3.4)
as well as the equivalent adjoint scalar A-terms. It would be straightforward to add these
(and indeed Ag7, Aso would contribute to the singlet tadpole) but they violate R-symmetry
(admittedly as do all the terms on the last line of equation (3.1)) and, more importantly,
are much less phenomenologically interesting than the other terms.

To determine the parameters of the model, the standard soft terms and Dirac gaugino

masses can be run according to the RGEs given below, and then at the scale of interest
determine the physical soft masses by applying the shifts

m?g —>m?g + 2\mD1|2
B% — B% +2m3, (3.5)

and similarly for my, Br, mo, Bo.

The standard soft and supersymmetric RGEs, presented in appendix B, were calculated
by implementing the model in SARAH [50, 51] version 3.0.41.2 The RGEs for the Dirac
mass terms and tadpoles are presented below, using the results of the previous section and
the anomalous dimensions of the adjoint superfields.

3.1 Dirac gaugino masses

Note gy = \/égl; then

33
(42388, = [2(Jesl? + NsP) + St (36)
(47582, =mpn | = Shesl* = ShAsP sl
—2])\ 2(10|Ag|2 = 1563 +15Tr (YY) ) +15Te (Y, Y, ) +30|Ap |2+ 5T (Yo Y
5 S S 93 dty uly T ele
b L2 (= 130T (Vv + 13562 + 1992 + 440g2 — T0Tr (VY
2591 udy, 92 91 93 aty
— 90|\ 2 — 90Tr<Y€YJ>ﬂ
(4m)28%), =mps2 |2Ar[? - 63]
(4m)1B2), =mps [2893 12t
2
+ 5|)\T|2(— 10|)\s|2—15Tr(YdeT) 715Tr(YuYJ) +3g%—5g§—5Tr(1@Yj))
1
+ ggg( — 10]s[? = 10T (Y, Y, + 12003 + 24503 — 30Tr Yoy )
- 30Tr<YuYuT) — 70[Ar[? + 9g%>]

!Note there are no terms tr(T), tr(O), tr(TTT) since these vanish by gauge invariance.
2The results from this paper have now been implemented in version 3.2.0.



(4m)?B5)  =mps[ — 693]

1
(4m)*82)  =mpg [36g§ + 43 (11g§ - 20Tr<YdeT ) - 20Tr<YuYJ ) + 34092 + 45g§>}

3.2 Tadpole equation
The one-loop contribution to Xg is given by
(4m)?X ) = (2lms]* + 2AsP)ts
+AmErgM§ + 2MgBsrs + 4MgB,\g + AAgp™ (miy, + mi;,)
+4LskgAx + 2BgA,; + 4LsAgAs + 4B, As. (3.7)

The two-loop contribution is much longer and is given in the appendix, equation (B.76).
For the Dirac gaugino contribution arising via the FI term define

3
o11 = \/;ngr(me)

1 /3
031 = 4\/;91Tf(ym2(49202 - Y3)). (3.8)

o1,1 and o3 also appear in the scalar mass RGEs; the full expressions for these in this
model are given in appendix equation (B.77). Then

(47T)2X£(1) = 2\/§mD10171
(47T)4X§(2) = 8\/§mD103,1. (39)
Finally, the Dirac gaugino parts are given by

(4m)2X D) = 4(mp))? [As + Myks] + dmb, w5 Ms (3.10)

33
(47r)4X](32) =8 [2(\%5\2 + \)\slz) + 59%] [(m71)? (Aw + Miks) +m k5 Ms].

The conclusion is that for R-symmetric soft terms that obey Tr(Ym?) = 0 at some
scale (such as, for example, in gauge mediation with R-symmetric F-terms [10-12]), the new
Dirac gaugino mass-dependent contributions to the singlet tadpole will be safely negligible.

4 Conclusions

The set of two-loop RGEs for Dirac gaugino models is now complete, which opens up
the possibility of implementing them in spectrum generators (such as by an extension
of [50, 51]) and studying their precision phenomenology. Since Dirac mass terms only
appear in supersoft operators (in spontaneously broken supersymmetric theories) their
effect upon the RGEs is extremely mild. In particular, they remain on an RG invariant
trajectory with respect to the mass squared and B terms, but the result of this paper is that,
although they contribute new terms to the tadpole RGE, these are exhausted at one loop
and the two-loop correction is merely a particular form of wavefunction renormalisation of
the one-loop term.

,10,



As mentioned in the introduction, the tadpole RGE is particularly important for study-
ing the Higgs potential, and since the new Higgs couplings in Dirac gaugino models can
allow a natural increase in the Higgs mass — alleviating fine-tuning — it is now imperative
to study the Higgs sector of Dirac gaugino models including full loop corrections [52, 53].
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A General non-supersoft operators

This paper has focussed on the contribution of supersoft operators to the tadpole RGE,
but it is natural to ask what would happen if we included terms that do not fall under
this category; in particular, these could be present in the NMSSM. Let us suppose that we
include “hard” terms of the form

. 1 ;.
LD —mZDA(H)wi)\A - ir(JH)k@d)j(bk +h.c. (A.1)

We can write these terms in superspace as
. 1 .

where 7 is a spurion, and since (allowing for the two from each ® insertion and EZDQ from
the W,) each vertex leads to six D,, Dg insertions we expect that quadratic divergences

will be generated at some order. This is easiest to see for any trilinear hard term coupling
SH,
(H)Hy>

divergence proportional to rflf)’}]u

supersoft terms cancel among themselves at one-loop order since in that case the total

to the singlet scalar, e.g. r where a tadpole loop (shown left in figure 1) gives a

A? (note that the would-be quadratic divergences from

divergence is proportional to Tr()))). However, more interesting terms, for example, are
those considered in the context of the MSSM in [41]:

LD —moH QU — m7H,QD — msH,LE + h.c. (A.3)

Clearly the quadratic divergences do not appear at one-loop order, and by dimensional
anaysis we know that they can only appear in amplitudes with Yukawa and gauge couplings
(they appear in the effective action as o r(H)AQ,mD(H)Az). Simply by writing down
diagrams (see e.g. figure 1 right) we can establish that quadratic divergences can first
appear for these terms at three loops.

— 11 —



Figure 1. Two example tadpole graphs leading to quadratic divergences when the appropriate
hard breaking terms are present. Left: when a hard breaking term coupling directly to the singlet
scalar is present; right: for a term m,H ,QD.

Finally, for the m’bA( H) terms, we might naively think that the quadratic divergences
first arrive at two loops, but it is straightforward to show that no non-vanishing oper-
ator can be written down at this order (e.g. ngaij(tA)ijklmD(H) a4 = 0). However,
we do expect them to appear at three-loop order (and can write down terms such as
9y Yaij (tA)Z(YQ)ijlmmD(H) ma) although it is beyond the scope of this work to calculate
these divergent terms.

If, despite the presence of the quadratic divergences, we wanted to still write down the
RGEs for the tadpole term up to two-loop order, then it is straightforward to do this from
the non-supersymmetric expressions in section 2.1 and translate the couplings following
section 2.2 but adding the additional terms to h.r, and my. Of most interest would be
terms which do not lead to one-loop quadratic divergences, so hqeyr = 0; if we added only
the terms in equation (A.3) then the one-loop tadpole RGE equation would obviously not
be changed at all, and only the terms 5, D —%haefheghhfgh —g2m§f/\aeghhfgh would yield
new contributions at two loops. However, this actually comprises 24 new terms that must
be added, and so we neglect to present the full expressions here.

B Two-loop RGEs for SUSY and standard soft terms

In this appendix the RGEs for the standard soft terms in the model of section 3 are
presented. For brevity, the factors of (47)? and (47)* for one- and two-loop quantities shall
be dropped. All of the below were generated using SARAH [50, 51] version 3.0.41 and so
are presented in the notation of that package.

B.1 Anomalous dimensions

1
= - (4595 +80g3 + g7 )1+ Y Ya + VY, (B.1)

) 1 199 , 27 , 64 4
7 =+ (89§9§ + %gf(mg% + 993) + 5009t T 92t 99§> 1+ gV [Yu = PsYY.
=3\ PYY, - 2vvayly, - oviv,yiy, (B.2)

2

+ YdTYd< —3|Ar)? — 3Tr<Yde> + 2

gt = sl = Tr(Yoy )) 3T (V)

— 12 —



5 (B.3)
1 2 2 t
’YlE ) = _TO(592 +91)1+Y8YE

%E?) LS <10g%g§ + 2397 + 7593) 1-2Y/Y. Y[y,

100
6
+YJY6< =3l = 3Tr(Yay] ) + 2of — s - Tr(YeYJ)> (B.4)
3, 3
7 =3)Arf2 + 3Tr(Yde) — oo 5+ s+ Tr(YeY;f) (B.5)
d
27 2\ * 2y *,2 _ 2 )\*72
@ _ 2074, 9 20 204 190 Ar|? = 2Xs ks Al — 3AZAG? — 15M2AL
T, = T g% T 1g9i% T4 02 2l 6 |
2
. gg%Tr<YdeT> + 16g§Tr(YdeT) + gg%Tr(YeYj) — 9\ T (YUYU>
5
f
= 3s (220 + T (vaxf) ) - om(vavvay)) - s (vavivayy)
B.6
- 3T (Vv v.y)) (B.6)
3 2 2 2 B7)
9% =3l = (= 10Te (VoY) + 563 + 63) + s 2 (
27 2 2yx Y2 yk2 A2\
@ _ 2074 9 2a ) 2T 4 1902002 — 2 |rsl?AG BAZALE — 15AZAY
T, = 1009 T 1999 T % 2|

— 9T (Yav ) = 3P P (Yevd) — s P (3T (Yav] ) + 630y + T (Vo))

+ %g%"ﬁ(YuYJ ) +16¢2Tr (YUYJ ) — 3Ty (YdYuT v, v} ) — 9Ty (YUYJ Y,V ) (B.8)

5
2 (B.9)
1 sv 1 2 2
75(2 oy - 175(2093 +91)1
* T sv T v*xvyT
7 =+ % (1019% + 8003 + 80923 )1 — 2(Ya VI VG VT + ViV vav])
2
T 4 2
+ Y;YdT< —2ng]? - 2Tr(YeYJ) + 692 — 6|Ap|2 — 6Tr(Yde) + 591) (B.10)
: 8 2 B.11
’Yél) ZQYUYuT - T5<5g§ +gl)1 ( )
2) 8 4 4 2 2)1
%=+ 5 <107g1 +200g% + 80¢2g2
- %(5 <YijTY;YuT + YJYUTY;YUT)
2 2
+ Y;Yf( — 1562 + 15|Ar) + 15Tr(YuYJ> + 5[ + gl)> (B.12)
yT _ O B.13)
v =2y - gh (
6
Ty Y 2
+ Ye*YeT< — 2l — 2Tr(YeYJ) + 692 — 6)A7|? — 6Tt (Yde) 591> (B.14)
B.15)
75 =2(|rsl? + s l?) (
; ; B.16
B = —8kZki? — 8Aglrs PNy (B.16)

* 2 T
- §|>\s|2 (10ASAg—15g§+15Tr (Yde ) 15Ty (YUYJ ) F30APAL —3g2 45T (YeYe ))
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) = 2Arf? — 4g3 (B.17)
7D = 1288 — 1223057 (B.18)

+ %\ATF( —10AgN; — 15Tr<YdeT> - 15Tr<YuYJ> 1 3¢2 —5g2 — 5Tr<YeYeT>)

B.2 Gauge couplings

5 =2t (B.21)
B2 = %g%( - 130Tr(Yqu) + 13562 + 199¢% — 30| Ag|? + 440¢2 — 70Tr<YdeT>
— 90Ap|? — 90TE (YJ’J)) (B.22)
B = 303 (B.23)
B2 — %g%’( —10[Ag|? — 10Tx (YeYJ> +12092 + 2452 — 30Tx (Yde)
30Ty (Yuyj ) — 702+ 9g%) (B.24)
B =0 (B.25)
B2 = égg’ (119% ~ 20Ty (Ydyj ) 20Ty (YuYJ ) + 34092 + 4593) (B.26)
B.3 Gaugino mass parameters
o) = F gt (.27
82 = %g% (3989%1\41 + 13562 My + 44093 M, + 44093 Ms + 13563 My

- 30A§( ~Ag+ Ml)\s) - 90)\}( ~ A+ Ml)\T)

- 70M11&~(Ydyj ) —90M1T&~<Y6YJ> - 130M1T&~<YHYJ ) 70Ty (Yj Ad) +90Ty (YjAe)

+ 130Ty (YJ Au)> (B.28)
B =693Msy (B.29)
g — %g% (9g%M1 + 12093 M5 + 992 My + 49092 M, + 12092 Mo

- 10/\2( _Ag+ MQAS) - 70A;;( — Ap + MQAT)

— 30MyTr (Ydyj ) —10M,Tr (YeYJ ) —30M,Tr (YUYJ ) +30Tx (YjAd) 10Ty (YjAe)

+ 30Tt <YJ Au>) (B.30)

- (B.31)
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fgg (llg My + 1192 Ms + 45¢2 Ms + 680g2Ms + 4562 My — 20M3Tr<YdY )

- 20M3Tr<YuYJ> + 20Ty (Yj Ad> + 20Tr<YJAu>> (B.32)

B.4 Trilinear superpotential parameters

13 , 16
Y :3YUYJYU+Yu<—3g§ +3|)\T\2+3Tr(YuYJ) S R 2> LYLYTY,
(B.33)
B =+ 5leY Yo + 662V, Y1V, — 3As2Y. Y Ve — 9N PYLY 1Y,

2V, Y YV Y, - 2V, Y Yl — 4V, Yy, Yy,

2
+ YquYd< —3Arf* - m(Yde) + =9t = Pl - Tr(YJJ))

— 9Y, YV, Tr <YUYJ )

450 2 45
—BAZALE — I5AZA2 — 9| Ap 2Ty (Yde) — 32T (YJJ)

2743 , 27 , 136 , 128 .
Y( gt + 9195+ g5 + ——0ig3 + 89395+ —— o ——g3+12g3| Ar|* —2As|ksP NG

- ])\5|2(3Tr<YdeT> +BAPNL + Tr(mfef)) + :ngr(Y YT) +16g2 Tr(Y YT>

— 3Ty (YdYuT Y, Y] ) — 9Tt (YUYJ Y,V )) (B.34)
(1) =3Y. YTY v, — 2 2 T (Y, YT E 7 2 2
By, =3YaY Yy + Yy — 395 + 3[Ar|” + 3Tr( YaY) 393 1591+P\S|
+Te(verl) ) + vaviv, (B.35)

5(

8 =3v, 1y, + Ye( ~ 362 4302 + 3Tr(YdeT) _

g

Yo =

(2)
Ye

4
=+ 5ledY Yo — s 2YaY Y, = 3ArPYay Y, — avYiveyly,

2V YV, Y Y, — 2V VY, Y] Y,

4
+ YdeYd< — 32 - 3Tr(YeY;) + 692 — 9Ap[? — 9Tr(YdeT) + 5g%>
—3Y,YY,Tr (YUYJ>

8 128
9193+892g3+ g§+12g%|/\T\2—2)\5|m5\2)\§

9 9
LAt 1522 - 22 Te(y Yl +16¢2Tr( Y,V +§ 2Ty (Y, Y
SA\g TAT 591f dY g gz lr{ XYqgr, 5911“e6

287 27 4
+Yy 90 gt +gig5 +

292+

- 9\)\T|2Tr<YuYJ> EETWE (2/\T/\*T Ty (YJJ)) 9Ty (YdeYde)
. 3Tr<YdYJ YY) ) ~3Tr (YJJYJJ)) (B.36)

%g% + | As|? + Tr (YeYeT)> (B.37)

S 7 70 78 ) s YeYte< — 3|g]? - 3Tx (YeYj) 4602 — 9[Ar|2 — 9Tk (Yde))
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7 9 27 X % %
+ Ye< S 01+ 0105 + 505 + 1203 Arl® — 2AsmsPAG — 3ARAG — 15A7AF”

- 5ngr<YdYT) + 1642 Tr<YdYT) + gg Tr(Y YT) - 9|)\T|2Tr(Y YT>
= 3s (220 + T (vay)) ) - om(Yavvay) ) - sm(vavivayy)
- 3T (Vv )) (B.38)
B = zAT|AS|2+3ATTr<Yde ) +3>\TTr(YuYu) g3 Ap+8AEN— g%AT+ATTr (Yeyg)
(B.39)
BY = - %AT( — 207g{ — 90g3 g3 — 207593 — 60g7| Az [* — 1100g3|Ar|? + 200As] 5> N
+ 300AEAG+210000 07 + 2003 Tr (Yav ] ) - 80063 T (Yav ] ) +750 A T (Yav] )
— 60¢2Tr (Y YT) + 250 Ap [ Tr (Y YT) 4042 Ty (Y Y ) 80042 Tr(Y YT> (B.40)
750 Ap[2 Ty (YUYJ ) +50[Ag)? (16)\T)\i} + 3Tt (Ydyj ) + 3Tr(yuyj )+ Tr (Y;}f,j))
+450Tr (YdeT v, ) +300Tr (YdYJYqu ) +150Tr (YeYteYj) +450Tr (YuYJ YUYJ»
gl = - §gl)\g — 362\s + 2\gks|? + 6As] 7| + ANING + 3AGTr (Yde) +/\3Tr<YeYeT>
+ 3AgTr (YUYJ ) (B.41)
ﬁfs) = — %AS( —207g1 — 90g793 — 67593 — 120092 \p|? + 400x%K%5" 4 600Xs|rs] >N
+ 500AZN5? + 150002 \52 + 2097 Tr(YdYT> — 80042 Tr<YdYT)
+ 450\ Aq| 2T (Yde ) — 60g2Tr (YeYj ) + 150|Aq| 2T (Yeyj )
30|\ (10g§ - 15Tr<YdeT) - 15Tr<YuYJ) 292 — AOAPN; — 5Tr<YeYeT>>

— 40g%Tr (Yuyj > — 800g3Tr (YuYJ ) + 450| \g| 2T (YuYJ ) + 450Tx (YdeT YdeT)

+ 300Tx (YdYJYqu ) + 150t (YeYteYJ) + 450Tr (Yuyj Y, Y] )) (B.42)

By =6Hs<|/€sl2 + |>\s|2) (B.43)
6 * *

B = - Zrs (2%%;@2 + 20\g k|25 (B.44)

+ a2 (10)\5)\’§ ~15¢2 + 15Tr (Yde) +15Tr (YHYJ) + 30AP N5 — 3¢

()

B.5 Bilinear superpotential parameters

3
B =2pu\s|*—3g5 u+3pTr (YdeT) +3uTr<YuYJ> +6p | — 793M+MT1"(Y6YJ) (B.45)

207 , 9 27 .
B =+ Fyoin+ sotgin+ g+ g3 rl® — Asplss A5 — 605uAg"  (B.46)
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o 2
— 30XFuN; — CgiuTe (Yde ) + 16g§uTr<Yde ) — Op| A 2T (YdeT )
6 4
+ 2ot (Vo)) = sule PTe (VoY) ) + Zotute(Yay)) + 16g3uTr (VoY)
— 9p AP (YuYJ) W (12)\T)\*T 43Ty (Yde) n 3%(3@1@*) n ﬂ(YeYj))

— 9pTr (Yde v ) — 6uTr (YdYJ Y,Y] ) — 3uTr (YEYJ VA ) — pTr (Yuyj Y,V )

ﬂ](\}[)T = 4Myp|Ap[* — 8g5 My (B.47)
4
82 = =My (7093 — 30A2\%2 (B.48)

n |/\T\2< ~10Ag\G — 15Ty (Ydyj) —15Tr (YHYD +3¢% — 5g? — 5Tr (YYT)))

B, = — 1268 Mo (B.49)
B =T72g4Mo (B.50)
841 =40 (sl + rsf?) (B.51)
8 = - %Ms (20%5;;2 +200gks|2A% (B.52)
+As? (10)\5>\§ — 1563 + 15Tt (Ydyj ) + 15Ty (YUYJ ) + 30Ap NS — 3¢2
L))
B.6 Linear superpotential parameters
By =2Ls (|rsl* + Xsl?) (B.53)
B = — %LS (20%—%/{;’2 + 205k 2AG (B.54)

4 As? (10)\5)\§ 152 + 15Tt (YdeT ) + 15Ty (YUYJ ) + 30A7 AL — 3¢7

()

B.7 Trilinear soft-breaking parameters

13 16
BY = oV, Y Ay + 4,V A, + ALY Yy +54,Y]Y, - T otAL 33 A, — S giA,

+As[2 Ay + 3]A7A, + 3AuTr(YuYJ)

26 32
+ Y, <2X§AS + 693 My + 6Np Ap + 6Tr<YuTAu> + 1—59%1\41 + 3g§M3> (B.55)

8P =+ LYY Ay — 2 PYaY Ay — g PYLY A, fg 20MLY,YY,

5

— 1202 MLY, Y, 82y, vt 2V, YA, — f
93 M, +5g1YYA u+ 603, YA, — 4 XsPYL Y A,

— 12|A PV, Y A, + glA Y1V — \s[2AY ] Ya = 30024, Y] Yy

+12¢g2A,Y]Y, —5|)\S\2A YV, — 150 [PA Y] Y, — 4y, Y] YY) A,
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1
B =

2
B =

— 2V, YIVaYT A, —av, Y AYIY, — av, Y] Ay ]y, — ey, vV, YA,

2743
giA,

450 7

128
glg3Au + 89§Q§Au + ?g{%Au + 129§|)\T|2Au

—8Y, Y AY]Y, — 24, VIV YIv, — 44, Y] VY]Y, - 64,V VY]V, + =2

136
45
- 2)\5\/<;5\2/\3Au —3AING A, — 6Ap [ AsPAR AL — 15MAZNIPA, — 6ALY, YV, A

— I8N,V Y, Ap — 6, Y] AdTr(YdeT ) — 3A,Y] VT (Ydyj )

7
+ 9195 AL+ = g3 Au +

= s 2T (Yav] ) = Ol PA,Tr (Yav] ) - 2vuvi agme(vov)

— ALY YTy (YeY;) — [ As?A,Tr (Y6YJ> - 3]/\T\2A Tr(Y YT)

— 12V, Y]} AuTr(YuYJ ) —154,Y] YuTr(YuYJ ) + glA Tr(Y v} )

+ 16924 Tr(y YT) - %YUYJ Yd(15/\*TAT 15Ty (Y;Ad) + 202 My + BN5Ag

+ 5T (YJAC)> —18Y,Y]Y, Tr (YJ Au) ~3A4,Tr (YdYJ Y, Y] ) —94 Tr( Y, ViV, v )

557 Y (2743g%M1+2259%g§M1 +680g7 g3 My

+ 68097 g2 M3+ 180095 g2 M3 -+6400g3 M

+ 2250202 My + 607593 My + 1800922 My + 1350 A s N 5> A g+ 450K 5\ (HSAS+)\5A,$>
+ 6750AP N2 A+ 675N 5 A Tr (YdeT ) +225)5 AgTr (YeYe ) +180g° Mm(y v )
+ 36009§M3Tr<YuYJ ) 675 \g|2 T (Yj Ad) +295|\g |2 T (YJAE)

+ 675X (2xg ()\SAT+)\TAS)

FAp <3Tr (Yde) 42 —|—Tr<Y Y, )) FAr <3Tr (Y Ad> 42 Myt Tr (YTA )))

— 180¢2Tr (YJ Au) 360092 Tt (YJ Au) +675Tr (YdYJAquT ) +675Tr (Yuyj AdYJ)

+ 4050 Tx (YUYJ AuY] )) (B.56)
FAY Y Ag+2YY Ay +5A0Y Yo+ AgY Y, — 1—75 9t Aa—393Aa— 1—?)69§Ad

+ \A5|2Ad+3yAT\2Ad+3AdTr(Yde) +AdTr<YeYeT> (B.57)
1Y, (2A§AS+2Tr (Y;A ) 692 Mo+ 6N Ar+6Tr (Y*Ad) g%Ml + 332 g§M3>

6
+ gg%YdeAd+Gg§YdeAd—4\AS|2YdeAd—12\AT\2YdeAd

8 8 f 2y vt t
— 5glMleY Yo+ c6f 2V, YT Ay — 2|02V YT A, — 6|02V, Y A,
+ glAdYTYd + 12g%AdY Yy — 5|)\5‘2AdYTYd - 15|)\T|2AdYTYd

+ glAdYT Yy — [As|2AaY, Y, — 3 AP AgYY, — 6Y,Y VYT Ay

,18,



— Y, Y A Yy — 2V ViV, Y Ay — avuy v, vl A, — avvia Yy,

—AY YT AYY, — 6AY VYV, — 4AY Y Y] Y - 24,Y Y, YV,

+ 2%79111% + 9195 Aa + %7931% + gg%ggAd + 89595 Aa + %9§Ad+12g§\)\T|2Ad

— 2)s|ksPAEAL — BAENGE Ay — 67| As|PNRAg — 15MAFN A,

—ONLYLY Y, Ag — GNRY Y Y, Ap — 12Y,Y ] Ay Tr (YdeT>

— 1544 vae(vav]) - %ngdTr (vav)) + 1693441 (vay])

— vy AdTr<YeYj ) — 5AY YTy (YJJ) + gg%AdTr (Yeyj)

Y, Y ATy (Yuyj) ALYV, Tr (Yuyj) - 3\)\5]2AdTr<YuYJ>

- 9|AT|2AdTr(YuYJ)

. %YdeT Yy (15A§A5+15Tr<yj Ae) +30g2 Mo +45N50Agr + 45Tr (Yj Ad) +4g%Ml)

Y YV, Tr (YJ Au) —9A,Tr (YdeT Y,y ) — 34,Tr (YdYJ Y, Y] )

- 34T (VYY)

— %Yd (287g%M1+45g§g§M1 + 4093 g3 My + 409% g3 M3 436093 g3 M3 4128093 M3

+ 459263 My +1215g4 My + 3609393 My + 2T0AsN5% Ag+90K5\% (ﬂsAS + )\SAK)

+1350ArNi2Ap — 182 My Tr (YdeT ) + 72092 M5 Tx (YdeT ) + 54g%M1ﬂ(Yng )

+ 135N AGTY (YUYJ> + 189%Tr(yj Ad> 72062 Tt (Yj Ad) — 54g%Tr (Y6TA6>

+ 135|)\g|2Tr<YJAu)

+ 13505 (2A§ (ASAT + ATA5> 4347 T <YUYJ ) + 3Ty (YJAu)

—4g3Ar + 49§M2>\T)

4 810Tr (YdeAde ) +135Tr (YdYJ Auyj)

+ 270Ty (YeYjAeYJ) + 135T1r(YquT Ay )) (B.58)
BY = 44V, viA, +54. Y)Y, - gnge — 362 Ac + |Ms[?Ae + 32 A, + 3A€Tr<YdeT>

AT (YEYJ) +Y, <2A§A5 + 2Tr<YJAe> + 62 My + 6N Ag

18
6Ty (Yj Ad) n 5g%M1> (B.59)
6
BY =+ LRV A + 63V 1A — APV AL — 1200 PYY A, (B.60)

6
— 9P AYIYe + 126 AV, — 5 PAYIY, — 15 AP AV
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2
VYV A SV VANV ATV 4 Zgtac + Jot

+ 1203 A 7|2 A — 22s]ksPA5Ae — 3AENT AL — 6Ar|As[P A5 A, — 15)\T)\*T’2Ae

927
9193 Ac + gé‘Ae

—12v,v! AeTr(YdYT> 154V Y, T (YdYT) - gg%AeTr (YdYT)

+ 16g A Tr<YdYT> —4yviA Tr(Y YT) ~ 54V, Tr(Y YT>

+ glA Tr(Y YT) — 3Ag[?A, Tr(Y YT) 9|)\T|2A6Tr(YuYJ)

A (292 My 43N Ap+3Tr (Y Ad) FALAg —I—TI“(Y A )) _9ATr (YdeT v )

— 34Ty (YdYJ YY) ) —3A6Tr<YeYJ VA )

- %Ye (1359%1\41 99293 My +9g2 g2 Mo+ 1354 M+ 30As A2 Ag

+ IOKgAg(ngAsnL)\SAH)

+ 150Ap N2 A — 202 MlTr(YdYT) 8042 MgTr(YdYT) 162 MlTr(Y YT)

+ 15A§A5Tr(yuyj )+2ngr<Y Ad) zsoggTr(YdT Ad) 62T (YTA )

+ 15| \g[>Tr (YJAU)

15X (2Ag ()\SATJr)\TAS) F3A7 T (YUYJ ) 43T (YJ A ) 492AT+492M2)\T>

90Ty (YdeAde ) +15Tr(YdYJ AY] ) +30Tr (YeY;AeYj) +15Tr (Yuyj AgY] ))
) = +2xg (2/\TA5+/\SAT) . <24])\T\2+3Tr (YdeT ) 3Ty (Yuyj )

- T3-S gt+ e (vv))

2
+ 5)\T<15Tr(YdTAd>+15Tr<YJA >+35g Mo+3¢° M1+5Tr(YTA )) (B.61)
414 18 18 .
o = = 55 9IMAT— —glg3Midr— gl g Moy — 16693 MoAr — 24AsArAG” As
207 9 83
+ gt Ar+— P g Ar+— ggAT 6AZNG Ar — 21002\ A

50 5
ok 4 .
AR, (%SATASHASATAKHSASAT) =g M T (Yde)
— 32g2 M3 A7 Tr (Ydyj)
— BAPNGAGTY (Yde) - fglATT&"(YdY ) +16¢2 A7 Ty (Yde ) —3|)\S]2ATTr<YdeT )
12 6
- EglMl)\TTr(YY ) 2>\T>\gASTr(Yeyj> +fg%ATTr<YeYJ )
8
— [ Ag[? ATy (YJJ) —5g%M1>\TTr (Y Y ) 3292 M\ Tt (Y YT)
— GAPASAGTY (Y YT) =g AT T (Y Y, ) +16¢3 ATTr<Y v ) 3|/\5\2ATTr(Y v} )

ggl)\TTr<YTAd)+32g§)\TTr(YTAd> GATyASPTr(YjAd> ggl)\TTr<YTA)
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B

(1) _
As —

— 2 AsPTE (YJA ) n igl)\TTr (YTA ) +32¢2 A T (YTA ) —6A7|hs|PTr (YJAH)

- %|>\T|2 (soxg (2)\TAS+3)\SAT)

347 (11095—251‘r (Yeyg) +6¢2—75Tr (YdYT) 75Ty (YUYJ ))

+ 2AT(1109§M2+25Tr(YJA )+6g1 My +75Tr (Y*Ad) +75Tr (YTA )))

QAT (YdeT Y,v) ) —36ATTr<Yde AgY] ) — 6ATY (YdYJ Y, Y] )

— 12X Tr (Yde AY] ) —3ATT1~(Yeij/J) 12\ Tr (YeYJAeYj )

— 12\ Tt (Yuyj AgY) ) 79ATTr(YuYJ Y,V ) — 367 Tt (Yuyj ALY ) (B.62)

+ oK (2)\5AH+/€5A5) (B.63)

+ AS(121A5|2—393+3Tr(Yde) 43Ty (YUYJ) +6\)\T|2—§gf—i—Tr(YeYJ)>

+ g)\g (15g§M2+15Tr(YdTAd) 15Tt (YJAM) +30A}AT+3g%M1+5Tr<1jAe>)
"4

18 18 .
- 2—591M 1\s —Eg%g%Ml)\s—gg%ggMg)\s—&lg%Mg)\s—32/-%5)\5113’214,4

+ 2 ag+2
5091 STy

— 30APAL (4)\SAT+)\TA5>

gngAs—{— gQAS SKEKg ?Ag— 50)\2)\*2A

+ %g%Ml)\STr (Yde ) —32g§M3)\S'H<YdY ) 7911451& (YdY )
+ 1643 As”hr(YdY ) - nglAsﬂ(YY )+ glAsTr(YY >—§g1Ml)\gTr(Y YT)
— 32¢2Ms\gTr (YuYT) i glAsTr(Y YT) +169§A5Tr<y v ) lAsTr(YdTAd)
+32¢2\gTr (Yj Ad) +— glx\sTr<YTA )+5g%ASTr(YJAu) +32g2Ag T (YJAU)

- g‘)\3’2<201‘£§ (QASAH+3RSAS)

+ Ag (120ATA;;+ 15Ty (YeYJ ) —30g2+45Tr (Yde ) 45 TY (YUYJ ) —GQ%)

2\ (109 M2+15Tr(YTAd) 15Ty (YTA ) 124 M1+40ATAT+5Tr(YTA )))

— 3L <)\TAS <3Tr (Yde ) 43Ty (Yqu> —8g2+Tr (YJJ))

+ 225 (Ar (3T (v ]) +3Te (Vv ) —sg3 +Tr(vov))

+ A7 (3Tr(YdTAd) 3Ty (YJA )+8g2M2—|—Tr(Y A ))))

= 945 T (Yay [ Yav]) =36AsTr(Yav [ Aav) ) 645 (vav, v,

— 12XgTr (YdYJ Aqu> 3Asﬂ( Y.vlY, YT) 12)\ST&~(Y6YJA6YJ )

—12XgTr (Yuyj Ay ) —9A5Tr<YuYJ Y,V ) —36/\5Tr<YuYJ ALY ) (B.64)
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Ba,

(1)

(2) _

Ba, =

:6<3|n5\2A AL (2/15A5+)\3A,@>> (B.65)

-3 (1OOI€SI€S2A +10AgAY <4n5AS+A5AH) (B.66)
AL ()\SAH (—15g§+15Tr (Ydyj) F15Tr (Yuyj) 30|\ |2 —3¢2+5Tr (Yeyj)
+ 60|/<;5|2> 2% (AS (-15g§+15Tr (Yde) —|—15Tr<YuYJ) +20[k5)?
+ 30|>\T]2—3gf+5Tr<YeYeT>)

+ AS<15g§M2+15Tr (YdTAd) F15Tr (YJ A )+30>\TAT+391 My +5Tr (Y A )))))

B.8 Bilinear soft-breaking parameters

Bp

B

(1)

(2) _
By

=+ gglMl,u+692M2u+2)\sBSnS+4;MSAS+12,u>\TAT

+B, (—3g§+3Tr (Yde) +3Tr<YuYJ> +6]A5\2+6]/\T\2—gg%—kTr(YeYeT))

+ 6uTr (YTAd) +2,uTr<YT A ) F6uTY (YTA ) (B.67)
+B ( 5007 g+ g Pt 2T g 93— 1NEA —30N7 A7 - gngr (YdYT)

+ 16g§T1r<YdeT ) + g & Tr(Y YT)

v %!As\Q (18093 —180AF N5 — 20k gk — 25Tt <Y6Yj> 43692 75Tt (YdeT )

- 75Tr(YuYJ )) 43|72 (—3Tr (YdeT ) —3Tr(YuYJ ) +8¢2 Tt <Y€YJ>>

+ ;1 g¥Te (Vv ) +1663Tr (v, ] ) — 9T (Yav vav ] ) —6me (vaviv,v))

3Ty (YeYteYJ) 9Ty (YUYJ Y, Y ) )

— o (2071 My 453 3N +-453 63 Mo+ 6564 Map-+ 60063 Mo v

+100\g (|/~;g|2~|—|>\5|2)BS/{;—F100M5A5/§§2AK+400A5MA§2A5—GOOgguAi}AT
+1500A 7 N2 Ag— 1092 M, i Tr (YdeT ) 140092 M; ,uTr(Yde ) 225N ArTr (YdeT)
+ 302 My T (Y YT) F 75N AT <Y Y ) +20¢2 My Tr <Y v )

140092 M Ty (YUYJ ) 12250\ A Tr (YUYJ ) +10¢2 Ty (Yj Ad> —400g2 T (YdT Ad)
+ 225uy>\T|2Tr<Yj Ad> —3ogfuTr<YjAe) 75| 2T (YjAe) —20g%uTr (YJ Au)
— 400g2uTr (YJ Au) +225M\AT|2T&~<YJ Au)

+5AE (20&*5((ﬁgu—FMs)\S)Aer)\guAH)

+ (60X (205 Ar -+ Ar As ) +5 4 (3Tr (Yav] ) +3Te (Vv ) + T (vov))

+3)s (15Tr (YdTAd) +15Tr (YJAu> +3Og§M2+5Tr(YJA ) +647 M1> ))
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450 (Yav ) Agy] ) +150uTr (Yay, A )+ 1500Te (Yovd Ay

+ 150,uTr(YquT Ay ) +450,uTr<YuYJ ALY )) (B.68)
84 — 4(—QgSBT—i—QMT)\i}AT—i—ALg%MgMT—i—\)\T\zBT> (B.69)
52 = — 1 (Br (303X 03

+Ar? <1O>\5/\§+ 15Tr(ydyj) 15Ty (YUYJ> —3¢2+5¢2+5Tr (Yeyj)))

+2My (140g3M2+60ATA§:2AT+A*T (ng (ASATJr)\TAg)

+Ap (15Tr (YdeT ) £15Tr (YUYJ> — 32 +5g2+5Tr (YeYj))

+Ap (15Tr(YdTAd) F15Tr (YJAU) 132 My —5¢2 M+ 5Tr (YjAe))>)> (B.70)

Y =12g3 (2M3Mo—Bo) (B.71)
/6’,(323 =723 (—4M3M0+Bo> (B.72)
by =4(2ks 2+ \sl?) Bs+8 (s BuAs+ Mk A+ MsXsAs ) (B.73)

B2 = - §<BS <40/€%~/@g’2+40/\5]/<;5]2)\§
FAg? (10ASA§—1593+15Tr (Yde ) 15Ty (YuYJ ) +30Ar N5 —3g2+ 5Tk (YYT>))
) (50M5K51£232A,i+10)\g’2((QMs)\S-FHS,LL) AS—HQS)\SBM)
X5 (397 M1 Mo +1503 M Ms s +9g2 My s pi+45g3 Mars—3g3 M A
— 1595 MsAs
+30Ms|Ar|?Ag+10 Mgk (2/\514,{—1-3&5145) 30 Mg Ag N A +30k N A
+15MgAgTr (Yde ) +5MgAgTr (YJJ) +15MgAgTr (YuYJ ) +rgB, (15Tr (Ydyj )
+15Tr (YHYJ) 30 Ap|2—45¢2 + 5Tt (Yeyg) —9g%) +15MgAgTr (YjAd)
15T (Y] Ad) +5MsAsTr (YA ) +5rspTr (Y A ) +15MsAsTe (V] AL )

+15kguTr (YJ Au)») (B.74)

B.9 Linear soft-breaking parameters
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+ \AS|275S+2LSH§AK+B§AN+2LSA3AS+2B;AS) (B.75)
2 *
(4m)tx P = - (6g%LSM1|AS|2+30g§L5M2|AS|2+20MS (|/<;S|2+|ASP) Bgr’
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+ 60Ms|Ar|? BuNs +20MsAs BN\ g”
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— 6gimi;, Asp* —30g3mi Asp* —6gimEy, Asp* —30g5miy, Asp*

— 1297 Ag| My |*p* —60g3 As | Mo |* 11 +120m7; As| Ar|* 1 +120mi;, As|Ar|*p
+ 60mFAs|Ar| 2 +40As | As [ 1* +60As | A7 |’

+ 40m3; AGNsp +40mip, N A5’
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+ kgl Ag)? + ASAEAH> — 602 LNy Ag

—3093 Ls 5 Ag+40Ls|ks|* N As+60Ls| AN Ag+20MEKrENEAs

+40LsAs NG  Ag+20MspuNg® As+6g7 My p* As+30g3 Mop* As+20ks N5 BE A
— 697 B, As—30g5 B, Ag+40|As|* B} As+60|\r|* B}, Ag+60Arp* A Ag

+60Lg|\s] ATAT+60M5MASATAT+60ASATBMAT+30MSBMASTr(YdeT)
+60m3; Agu*Tr (YdeT ) +30m%. Agu*Tr(YdeT ) 15| A |25 Tr (Ydyj)
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+ 20 Ao Tr (VoY) +10miy Aoy Tr (VoY) ) +5 2 25T (YY)
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+ 10Mgp\S Ty (YJA6> +10As B2 Tx (YJAE)
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T

)
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104" AgTr (A*YT)
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+ 30\gu*Tr

(4147)
+ 10>\5M*Tr(A*AT) 430 AgTr (AYY, )
+ 30Agp* Tr (A*AT)
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+ 10Agu* T (Yeyjmz*> + 10/\5u*Tr<Yeml2*YJ) + 30Agu* T (Yuyjm3*>
+ 30\g " T (Yumg*yj )) (B.76)

Soft-breaking scalar masses
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o = (20 (2 o 1 o) oy ) 0 ) 410 o)

1
Tr2U1(1,1) = —g? <2Tr (mfl) +3m3, +3m3; +3Tr <m%> 6Ty (m2> 8Ty (m3> T (mg))
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1
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1
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T gg%m%{deYd —dAm3 \sPY] Yy - 2m3 |AsPY] Yy
—2m3|\s[?Y, Yy — 12m3 [\rPY] Yy — 6m3 || 2Y Yy
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+5AsAGTe (Y] A ) +15Ar A7 Tr (Y, A, ) 48003 My T (Y A, ) +450 A Te (457
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+692YaY, m2 —2|\s [P Y Y m3—6|\p [PYaY, m3—8m3, YaY, Vv,
—AY, Y Ag Al —am?, VoYV, Y] —am?, YoV v,y
—AY YA AL —aY, AL AGY T —av AL A YT —4A.Y ] VAT
—AAY Y AL — a4 A AT Y YT —a A, AT Y, Y —om2Y Y YY)
—2m3YV Y, Y] —AYym2Y] Y, Y] —4Yum?2Y v, Y] —4v, Y m3v,v)
—AYyY]Yam2Y,] -2V, Y [ VaY, m3 —4Y,Y, m2Y, Y, —4Y, Y, V,m2Y]

2
—2V,Y1Y,Y] m374)\§YdALASf12)\*TYdALAT+%g§10273+%gf1Tr2U1(1, 1)
1
+8——giloy, —24m?, Y, Y*Tr(y Y*) —124 ATTr(Y YT)

\/Egl 3,1 HyYdYg aty dAg aXy
—6m3ay] T (Yav ] ) —12vam2y T (vav] ) -6vavimime (vav])
—8m3 VY Tr (Yeyj ) — 4 A ATy (Yeyj) —2m2Y,Y Ty (Yeyj )
—4Ym2Y Tr (YeY; ) —2Y, Y m2Tr (YEYJ ) — 12V, Al Ty (Yj Ad)

— 4V, ATy (YjAe) —124,Y Tr (A;;YdT) —12Y,Y] Tr(A;;Ag)

—4AGY Ty (AzYeT> AV, Y Tr (A:AZ) —12Y,V Ty <m3YdeT )

—AY,Y Tr (mﬁyeyj ) —AY,Y T (m?Y; Y) — 12V, YTy (mgyj Yd) (B.87)
2 P
5% ?5 f1|M1|2—%g31|M3\2+4mH Y Y +44, AL +2m2Y, Y] +4Y,m2Y,]
+2Y,Y,Im —4\/—175%101 1 (B.88)
2 _ 32 2 4, + +
B —+4593 7593M3+891 2Ms+M; ) )1 M35 — glmH Y.,Y, +1292mH YY)

+2493| Mo |?Y, Y, —4m}; \)\S|2Yqu—8mHu A\s|?Y, Y,
—4mE |\ PV, Y, —12m}, APV, Y] —24m3, [Ar|?Y, Y

u

4
—12m% |\ |2Y, Y — 4| Ag |2y, Y —12|Ar|?Y, Y + 5glM1Y AT
— 1292 Mo Y, Al —1292 M5 A, Y] —4Ag A5 ALY, — 1207 A% A, Y]

— 30 —



4 4

+ 55z 9t M (45 (—2M1YUYT +AuY,T) +8 (321931\41 +40g2 (2M1 +M3)) 1) — =gt A AL
+1292 A, AT —4|\s|? A, Al — 12|\ 2 A, Al — glm 2y, vl
+Gg§miYuYJ—2|)\5|2muYuYuT76|)\T|2muYuYTffle m2Y,\

+12g5Y m2Y ] 4| AsPYum2Y, 12| A PY,m2Y,] "gly Y,im
+692Y,Y,Im?2 —2|\s|?Y, Y.Im 6|)\T| Y, Y.im
—dm?% VY VY —am?, YquT Y v! —4YquTAdAL
—8m% Y Y VY -4y, VA, Al -4y, AT A — 4y, AT ALY
—4AY IV AL —4A, YV, AT —4A, ALY Y 44, ALY, Y]
—2m2Y, Y YY) —2m?2Y, Y, Y, Y, -4V, m2Y,] Y, Y, -4V, m2Y Y, V]
—AY, Y m2Y Y, -4V, Y Yam?2Y ) -2V, Y v,y im?
—4Y, Y Im2Y, Y, -4y, Y] Y. m2y] -2y, Y, Y, Y, im2 — 45y, Al Ag

) 32 32 1
—120 Y, AL Ar+ - gi100 0+ T2 9T 1 Th2U (1, 1) ~16— 1103, —24m§1uYquTr(Yqu)
—124, A1 Tr (YuYJ ) —6m2Y, Y, T (YuYJ ) —12Y,m2Y, Tr (YUYJ )
—6Yuyjm3ﬁ(yuyj) —12YUALTY(YJAM> - 12AUYJT1~(A;YJ )

12V, Y T (A;Ajf) —12Y, YT (mgyj Yu) —12Y, YTy (mﬁyuyj ) (B.89)

24
W) _ ——g11|M1|2+2(2A Al +2m2, V.Y +2V,m? 1@*+m§nYef+Y61@Tm§)

3
+2\/;g110171 (BQO)

@) _ (69 M; (234g M11+5( 2M1Y6YJ+A6YJ)>+2Ogll(3ngr2U1<1,1)4—\/150371)

B

2
Tne

2
me

-5 (30g§M;AeYT+10ASA* ALY 4300 A5 A YT 46924, AT

—30g5 A AT +10|As > A AT +30|Ap |2 A Al +-3g7m2Y, Y]

—15g5m2Y. Y +5\As PmlY. Y + 15 A [PmZY. Y] +647Y.mi Y]
—3092Y.m3Y,] +10\\s > Yem? Y, + 30| A\r |2 Yom Y. +3¢3Y. Y. Im?2
—15g3Y. YIm2+5\\s PV Y m2 + 15| A7 Y. Y, m?2 +20m7, V.YV, V]
+10Y, YA AT +10Y, ATA Y +10A. Y] Y, AT +104, AT Y, Y]

+5m2Y Y Y. Y 10V, mPY, Y. Y +10Y, YIm2Y, Y +10Y. Y YV.miy]
PS5V, Y m2 4304, Al T (Yde ) F1m2Y, Y Ty (Yde )
+30Y,m2Y, Ty (Yde ) +15Y, Y m2 Ty (YdeT ) +10A, ATy (YGYT)
5V Y T (Yoy ) +10Yem? Y Te (YY) +5Y Y Im2 T (v
+}@AL(10A;AS+10Tr(Y;A )+3Og M2+30ATAT+30Tr(YTAd) 691M1)
+30A4,V, Tr (A;YdT) +10A4, Y Tr (AZYf)

+2V, Y] (3973, —15g3m, — 3003 Ma 245 (2m¥, +miy, +m3 ) \sf?

— 31 —



5C

i
o

)

S

(1
B

)

(]

)

_N

)

_w

+30m3, |Ar|*+15m3; [Ar|?
+15m2T|/\T|2+5|AS|2+15|AT|2+30m§,dTr(Yde) +10mi,dTr(YeYJ) +15Tr(A;;AdT)

+5Tr (A7 AT ) +15Tr (maYaY] ) +5Tr (m2Yo Y ) +5T (mf Y, Y, ) +15Tr (m2Y ] va) )

=4(3mE s *+ (my, +m, +m ) As P+ A +145 ) (B.92)
1

=< (120m25/<;25/<;g’2 +20 (m?{d +m% +m§) AZNG?
+20% (4/{3|An|2+ (4m2s+m§{d +m§,u) Ks|As |2+ A% <H3A5+)\5An))
AL (AS (f 15¢2+15Tr (Yde) F15Tr (YUYJ) +30|Ap |2 — 32 +5Tr (YeYJ))
+s (15g§M2 +15Tr (Yj Ad> +15Tr (YJAu) + 30N A +3¢2 My +5Tr (Y;Ae) ))
+A5 (—3gfm%{d)\g —15g5m3;, As—3gim3 As—15g5m3; As—3gimEAs —15g5mEAs
+60m3;, As|Ar > +60m7; As|Ar[>+30mEAs|Ar|? +30mTAs | Ar > +20As| Ay > +40As| As|?
£30Xs|Ap[2+20k5 A% Ag+30Ap A% Ag +3¢2 M (—2M1A5+AS)
+15¢2M; (—2M2)\5+A5)
+30m% AsTr (Yde ) +15m% AT (Yde’f ) F15mEAg T (Yde ) +10m2 AsTr (YYT)
+5m% AgTr (YYT) +5m2AsTr (YCYJ) +15m2 AgTr (YUYJ) +30m% AT (YuYJ>
H15mEASTr (Va Y] ) +15A5Tr (457 ) +15AsTr (4547 ) +545Te (42Y ) +52sTe (4247 )

+15AgTr (A;YuT ) +15AST1~(A;AZ ) F15Ag T (mZYdeT>

+5AgTr (mﬁmj)
+5AsTr (mfygye) +15XsTr (mgyj Yd) +15)\5T‘r(m3Yj Yu) F15AsTr (miyuyj))) (B.93)
— 4(74g§|M2|2+ (m%d+m%“ +m'§) |>\T|2+|AT|2) (B.94)
4

= — = (3921 Ar P50  Ar *+60 (i, +mdy, +m ) M +3g2M A A — 53 Moy Ay
FI0APNS A Ag+ 10|\ g[2 A% A — 5g2 M (7695M2+A*T (—zMQATJrAT)) —20gios
+15|AT\2T‘f(Yde) +5|AT\2Tr(YeYj) +15|AT|2Tr(YuYJ) +15ATA;Tr(YJAd)
F5Ap AT <YJAE) F1BAPALTY (YjAu>
+ X5 (= 3g3m, A +5g8miy, Ar —3g3my Ar-+5g3miy, e —3gEm Ar+5g3mi Ay
—|—10(2qud—|—2m§{u +m§+m2T> Ar|As|2+10A7|Ag |2 +120A7| Az |2
+10As A% Ag+3g2 M} (—2M1)\T+AT)
+30m2 ArTr (Yde ) +15m%, ArTr (YdeT ) F15m2ArTr (YdeT ) +10m2 ArTr (YeYj )
+5m ArTr (YEYJ) 4 5mEAL T (Y;YJ ) +15m2 A Tr (YuYJ) +30m2, ArTr (YuYJ)

F15mE AT (YuYJ) +15A7 Ty (A;;YdT) F15ATr (A;;A;{) +5A7 T (A;fy;?)

— 32 —



5T (A;AZ)
+15A7Tr (A;;YuT ) +15A Ty (A;;A{ ) +15ATr (mgydyj ) +5Ar T (mgyeyg)

5T (mfyg Ye> F15M Tt (mgydT Yd) F15M Tr (mgyj Yu> F15ApTr (miyuyj ))) (B.95)

B3 = —2493| Mo ” (B.96)
2
8%) =243 (15|Ms |+ 02,3) (B.97)

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License which permits any use, distribution and reproduction in any medium,
provided the original author(s) and source are credited.

References

[1] P. Fayet, Massive gluinos, Phys. Lett. B 78 (1978) 417 [INnSPIRE].

[2] J. Polchinski and L. Susskind, Breaking of supersymmetry at intermediate-enerqy,
Phys. Rev. D 26 (1982) 3661 [nSPIRE].

[3] L. Hall and L. Randall, U(1)g symmetric supersymmetry, Nucl. Phys. B 352 (1991) 289
[INSPIRE].

[4] P.J. Fox, A.E. Nelson and N. Weiner, Dirac gaugino masses and supersoft supersymmetry
breaking, JHEP 08 (2002) 035 [hep-ph/0206096] [INSPIRE].

[5] A.E. Nelson, N. Rius, V. Sanz and M. Unsal, The minimal supersymmetric model without a
p term, JHEP 08 (2002) 039 [hep-ph/0206102] [INSPIRE].

[6] T. Antoniadis, A. Delgado, K. Benakli, M. Quirés and M. Tuckmantel, Splitting extended
supersymmetry, Phys. Lett. B 634 (2006) 302 [hep-ph/0507192] [INSPIRE].

[7] I. Antoniadis, K. Benakli, A. Delgado, M. Quirés and M. Tuckmantel, Split extended
supersymmetry from intersecting branes, Nucl. Phys. B 744 (2006) 156 [hep-th/0601003]
[INSPIRE].

[8] I. Antoniadis, K. Benakli, A. Delgado and M. Quirds, A new gauge mediation theory, Adv.
Stud. Theor. Phys. 2 (2008) 645 [hep-ph/0610265] [INSPIRE].

[9] K. Hsieh, Pseudo-Dirac bino dark matter, Phys. Rev. D 77 (2008) 015004
[arXiv:0708.3970] [iNSPIRE].

[10] S.D.L. Amigo, A.E. Blechman, P.J. Fox and E. Poppitz, R-symmetric gauge mediation,
JHEP 01 (2009) 018 [arXiv:0809.1112] [INSPIRE].

[11] A.E. Blechman, R-symmetric gauge mediation and the minimal R-symmetric supersymmetric
standard model, Mod. Phys. Lett. A 24 (2009) 633 [arXiv:0903.2822] [INSPIRE].

[12] K. Benakli and M. Goodsell, Dirac gauginos in general gauge mediation,
Nucl. Phys. B 816 (2009) 185 [arXiv:0811.4409] [INSPIRE].

[13] G. Bélanger, K. Benakli, M. Goodsell, C. Moura and A. Pukhov, Dark matter with Dirac
and Magjorana gaugino masses, JCAP 08 (2009) 027 [arXiv:0905.1043] [INSPIRE].

[14] K. Benakli and M. Goodsell, Dirac gauginos and kinetic mizing,
Nucl. Phys. B 830 (2010) 315 [arXiv:0909.0017| [InSPIRE].

— 33 —


http://dx.doi.org/10.1016/0370-2693(78)90474-4
http://inspirehep.net/search?p=find+J+Phys.Lett.,B78,417
http://dx.doi.org/10.1103/PhysRevD.26.3661
http://inspirehep.net/search?p=find+J+Phys.Rev.,D26,3661
http://dx.doi.org/10.1016/0550-3213(91)90444-3
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B352,289
http://dx.doi.org/10.1088/1126-6708/2002/08/035
http://arxiv.org/abs/hep-ph/0206096
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0206096
http://dx.doi.org/10.1088/1126-6708/2002/08/039
http://arxiv.org/abs/hep-ph/0206102
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0206102
http://dx.doi.org/10.1016/j.physletb.2006.01.010
http://arxiv.org/abs/hep-ph/0507192
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0507192
http://dx.doi.org/10.1016/j.nuclphysb.2006.03.012
http://arxiv.org/abs/hep-th/0601003
http://inspirehep.net/search?p=find+EPRINT+hep-th/0601003
http://arxiv.org/abs/hep-ph/0610265
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0610265
http://dx.doi.org/10.1103/PhysRevD.77.015004
http://arxiv.org/abs/0708.3970
http://inspirehep.net/search?p=find+EPRINT+arXiv:0708.3970
http://dx.doi.org/10.1088/1126-6708/2009/01/018
http://arxiv.org/abs/0809.1112
http://inspirehep.net/search?p=find+EPRINT+arXiv:0809.1112
http://dx.doi.org/10.1142/S0217732309030795
http://arxiv.org/abs/0903.2822
http://inspirehep.net/search?p=find+EPRINT+arXiv:0903.2822
http://dx.doi.org/10.1016/j.nuclphysb.2009.03.002
http://arxiv.org/abs/0811.4409
http://inspirehep.net/search?p=find+EPRINT+arXiv:0811.4409
http://dx.doi.org/10.1088/1475-7516/2009/08/027
http://arxiv.org/abs/0905.1043
http://inspirehep.net/search?p=find+EPRINT+arXiv:0905.1043
http://dx.doi.org/10.1016/j.nuclphysb.2010.01.003
http://arxiv.org/abs/0909.0017
http://inspirehep.net/search?p=find+EPRINT+arXiv:0909.0017

[15] E.J. Chun, J.-C. Park and S. Scopel, Dirac gaugino as leptophilic dark matter,
JCAP 02 (2010) 015 [arXiv:0911.5273] [INSPIRE].

[16] K. Benakli and M. Goodsell, Dirac gauginos, gauge mediation and unification,
Nucl. Phys. B 840 (2010) 1 [arXiv:1003.4957] [INSPIRE].

M. Carpenter, Dirac gauginos, negative supertraces and gauge mediation,
17] LM. C Di ' ti t d diati
JHEP 09 (2012) 102 [arXiv:1007.0017] [INSPIRE].

[18] G.D. Kribs, T. Okui and T.S. Roy, Viable gravity-mediated supersymmetry breaking,
Phys. Rev. D 82 (2010) 115010 [arXiv:1008.1798] [INSPIRE].

[19] E.J. Chun, Leptogenesis origin of Dirac gaugino dark matter,
Phys. Rev. D 83 (2011) 053004 [arXiv:1009.0983] [INSPIRE].

[20] S. Choi, D. Choudhury, A. Freitas, J. Kalinowski and P. Zerwas, The extended Higgs system
in R-symmetric supersymmetry theories, Phys. Lett. B 697 (2011) 215 [Erratum ibid. B 698
(2011) 457) [arXiv:1012.2688] INSPIRE].

[21] K. Benakli, M.D. Goodsell and A.-K. Maier, Generating i and Bpu in models with Dirac
Gauginos, Nucl. Phys. B 851 (2011) 445 [arXiv:1104.2695] INSPIRE].

[22] S. Abel and M. Goodsell, Easy Dirac gauginos, JHEP 06 (2011) 064 [arXiv:1102.0014]
[INSPIRE].

[23] P. Kumar and E. Ponton, Electroweak baryogenesis and dark matter with an approzimate
R-symmetry, JHEP 11 (2011) 037 [arXiv:1107.1719] [INSPIRE].

[24] K. Benakli, Dirac gauginos: a user manual, Fortsch. Phys. 59 (2011) 1079
[arXiv:1106.1649] [INSPIRE].

[25] R. Davies, J. March-Russell and M. McCullough, A supersymmetric one Higgs doublet model,
JHEP 04 (2011) 108 [arXiv:1103.1647] [INSPIRE].

[26] R. Davies and M. McCullough, Small neutrino masses due to R-symmetry breaking for a
small cosmological constant, Phys. Rev. D 86 (2012) 025014 [arXiv:1111.2361] INSPIRE].

[27] M. Heikinheimo, M. Kellerstein and V. Sanz, How many supersymmetries?,
JHEP 04 (2012) 043 [arXiv:1111.4322] [INSPIRE].

[28] K. Rehermann and C.M. Wells, Weak Scale Leptogenesis, R-symmetry and a Displaced
Higgs, arXiv:1111.0008 [INSPIRE].

[29] G.D. Kribs and A. Martin, Supersoft supersymmetry is super-safe,
Phys. Rev. D 85 (2012) 115014 [arXiv:1203.4821] [INSPIRE].

[30] R. Davies, Dirac gauginos and unification in F-theory, JHEP 10 (2012) 010
[arXiv:1205.1942] [NSPIRE].

[31] R. Argurio, M. Bertolini, L. Di Pietro, F. Porri and D. Redigolo, Holographic correlators for
general gauge mediation, JHAEP 08 (2012) 086 [arXiv:1205.4709] [INSPIRE].

[32] S. Choi, J. Kalinowski, J. Kim and E. Popenda, Scalar gluons and Dirac gluinos at the LHC,
Acta Phys. Polon. B 40 (2009) 2913 [arXiv:0911.1951] inSPIRE].

[33] S. Choi et al., Dirac neutralinos and electroweak scalar bosons of N = 1/N = 2 hybrid
supersymmetry at colliders, JHEP 08 (2010) 025 [arXiv:1005.0818] INSPIRE].

[34] J. Kalinowski, Phenomenology of R-symmetric supersymmetry,
Acta Phys. Polon. B 42 (2011) 2425 [INSPIRE].

— 34 —


http://dx.doi.org/10.1088/1475-7516/2010/02/015
http://arxiv.org/abs/0911.5273
http://inspirehep.net/search?p=find+EPRINT+arXiv:0911.5273
http://dx.doi.org/10.1016/j.nuclphysb.2010.06.018
http://arxiv.org/abs/1003.4957
http://inspirehep.net/search?p=find+EPRINT+arXiv:1003.4957
http://dx.doi.org/10.1007/JHEP09(2012)102
http://arxiv.org/abs/1007.0017
http://inspirehep.net/search?p=find+EPRINT+arXiv:1007.0017
http://dx.doi.org/10.1103/PhysRevD.82.115010
http://arxiv.org/abs/1008.1798
http://inspirehep.net/search?p=find+EPRINT+arXiv:1008.1798
http://dx.doi.org/10.1103/PhysRevD.83.053004
http://arxiv.org/abs/1009.0983
http://inspirehep.net/search?p=find+EPRINT+arXiv:1009.0983
http://dx.doi.org/10.1016/j.physletb.2011.01.059
http://arxiv.org/abs/1012.2688
http://inspirehep.net/search?p=find+EPRINT+arXiv:1012.2688
http://dx.doi.org/10.1016/j.nuclphysb.2011.06.001
http://arxiv.org/abs/1104.2695
http://inspirehep.net/search?p=find+EPRINT+arXiv:1104.2695
http://dx.doi.org/10.1007/JHEP06(2011)064
http://arxiv.org/abs/1102.0014
http://inspirehep.net/search?p=find+EPRINT+arXiv:1102.0014
http://dx.doi.org/10.1007/JHEP11(2011)037
http://arxiv.org/abs/1107.1719
http://inspirehep.net/search?p=find+EPRINT+arXiv:1107.1719
http://dx.doi.org/10.1002/prop.201100071
http://arxiv.org/abs/1106.1649
http://inspirehep.net/search?p=find+EPRINT+arXiv:1106.1649
http://dx.doi.org/10.1007/JHEP04(2011)108
http://arxiv.org/abs/1103.1647
http://inspirehep.net/search?p=find+EPRINT+arXiv:1103.1647
http://dx.doi.org/10.1103/PhysRevD.86.025014
http://arxiv.org/abs/1111.2361
http://inspirehep.net/search?p=find+EPRINT+arXiv:1111.2361
http://dx.doi.org/10.1007/JHEP04(2012)043
http://arxiv.org/abs/1111.4322
http://inspirehep.net/search?p=find+EPRINT+arXiv:1111.4322
http://arxiv.org/abs/1111.0008
http://inspirehep.net/search?p=find+EPRINT+arXiv:1111.0008
http://dx.doi.org/10.1103/PhysRevD.85.115014
http://arxiv.org/abs/1203.4821
http://inspirehep.net/search?p=find+EPRINT+arXiv:1203.4821
http://dx.doi.org/10.1007/JHEP10(2012)010
http://arxiv.org/abs/1205.1942
http://inspirehep.net/search?p=find+EPRINT+arXiv:1205.1942
http://dx.doi.org/10.1007/JHEP08(2012)086
http://arxiv.org/abs/1205.4709
http://inspirehep.net/search?p=find+EPRINT+arXiv:1205.4709
http://arxiv.org/abs/0911.1951
http://inspirehep.net/search?p=find+EPRINT+arXiv:0911.1951
http://dx.doi.org/10.1007/JHEP08(2010)025
http://arxiv.org/abs/1005.0818
http://inspirehep.net/search?p=find+EPRINT+arXiv:1005.0818
http://dx.doi.org/10.5506/APhysPolB.42.2425
http://inspirehep.net/search?p=find+J+ActaPhys.Polon.,B42,2425

[35] D. Goncalves-Netto, D. Lopez-Val, K. Mawatari, T. Plehn and I. Wigmore, Sgluon pair
production to next-to-leading order, Phys. Rev. D 85 (2012) 114024 [arXiv:1203.6358]
[INSPIRE].

[36] M. Papucci, J.T. Ruderman and A. Weiler, Natural SUSY endures, JHEP 09 (2012) 035
[arXiv:1110.6926] [NSPIRE].

[37] 1. Jack and D. Jones, Soft supersymmetry breaking and finiteness,
Phys. Lett. B 333 (1994) 372 [hep-ph/9405233] [INSPIRE].

[38] S.P. Martin and M.T. Vaughn, Two loop renormalization group equations for soft
supersymmetry breaking couplings, Phys. Rev. D 50 (1994) 2282 [Erratum ibid. D 78 (2008)
039903] [hep-ph/9311340] [INSPIRE].

[39] Y. Yamada, Two loop renormalization group equations for soft SUSY breaking scalar
interactions: supergraph method, Phys. Rev. D 50 (1994) 3537 [hep-ph/9401241] [INSPIRE].

[40] I. Jack, D. Jones and R. Wild, Gauge singlet renormalization in softly broken
supersymmetric theories, Phys. Lett. B 509 (2001) 131 [hep-ph/0103255] [INSPIRE].

[41] 1. Jack and D. Jones, Nonstandard soft supersymmetry breaking,
Phys. Lett. B 457 (1999) 101 [hep-ph/9903365] [INSPIRE].

[42] 1. Jack and D. Jones, Quasiinfrared fized points and renormalization group invariant
trajectories for nonholomorphic soft supersymmetry breaking,
Phys. Rev. D 61 (2000) 095002 [hep-ph/9909570] [INSPIRE].

[43] M.E. Machacek and M.T. Vaughn, Two Loop Renormalization Group Equations in a General
Quantum Field Theory. 1. Wave Function Renormalization, Nucl. Phys. B 222 (1983) 83
[INSPIRE].

[44] M.E. Machacek and M.T. Vaughn, Two Loop Renormalization Group Equations in a General
Quantum Field Theory. 2. Yukawa Couplings, Nucl. Phys. B 236 (1984) 221 [InSPIRE].

.E. Machacek an .T'. Vaughn, Two Loop Renormalization Group Equations in a Genera
45] ML.E. Machacek and M.T. Vaughn, Two L R l G E G )
Quantum Field Theory. 3. Scalar Quartic Couplings, Nucl. Phys. B 249 (1985) 70 [INSPIRE].

[46] M.-x. Luo, H.-w. Wang and Y. Xiao, Two loop renormalization group equations in general
gauge field theories, Phys. Rev. D 67 (2003) 065019 [hep-ph/0211440] [INSPIRE].

[47] S.P. Martin and M.T. Vaughn, Regularization dependence of running couplings in softly
broken supersymmetry, Phys. Lett. B 318 (1993) 331 [hep-ph/9308222] [nSPIRE].

[48] I. Jack and D. Jones, The Fayet-Iliopoulos D term and its renormalization in the MSSM,
Phys. Rev. D 63 (2001) 075010 [hep-ph/0010301] [INSPIRE].

[49] R.M. Fonseca, M. Malinsky, W. Porod and F. Staub, Running soft parameters in SUSY
models with multiple U(1) gauge factors, Nucl. Phys. B 854 (2012) 28 [arXiv:1107.2670]
[INSPIRE].

[50] F. Staub, Sarah, arXiv:0806.0538 [INSPIRE].

[61] F. Staub, Automatic calculation of supersymmetric renormalization group equations and self
energies, Comput. Phys. Commaun. 182 (2011) 808 [arXiv:1002.0840] [InSPIRE].

[52] K. Benakli, M.D. Goodsell and F. Staub, Dirac gauginos and the 125 GeV Higgs,
arXiv:1211.0552 [INSPIRE].

[53] K. Benakli, M.D. Goodsell, J.S. Kim, W. Porod and F. Staub, work in progress.

— 35—


http://dx.doi.org/10.1103/PhysRevD.85.114024
http://arxiv.org/abs/1203.6358
http://inspirehep.net/search?p=find+EPRINT+arXiv:1203.6358
http://dx.doi.org/10.1007/JHEP09(2012)035
http://arxiv.org/abs/1110.6926
http://inspirehep.net/search?p=find+EPRINT+arXiv:1110.6926
http://dx.doi.org/10.1016/0370-2693(94)90156-2
http://arxiv.org/abs/hep-ph/9405233
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9405233
http://dx.doi.org/10.1103/PhysRevD.50.2282
http://arxiv.org/abs/hep-ph/9311340
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9311340
http://dx.doi.org/10.1103/PhysRevD.50.3537
http://arxiv.org/abs/hep-ph/9401241
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9401241
http://dx.doi.org/10.1016/S0370-2693(01)00553-6
http://arxiv.org/abs/hep-ph/0103255
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0103255
http://dx.doi.org/10.1016/S0370-2693(99)00530-4
http://arxiv.org/abs/hep-ph/9903365
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9903365
http://dx.doi.org/10.1103/PhysRevD.61.095002
http://arxiv.org/abs/hep-ph/9909570
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9909570
http://dx.doi.org/10.1016/0550-3213(83)90610-7
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B222,83
http://dx.doi.org/10.1016/0550-3213(84)90533-9
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B236,221
http://dx.doi.org/10.1016/0550-3213(85)90040-9
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B249,70
http://dx.doi.org/10.1103/PhysRevD.67.065019
http://arxiv.org/abs/hep-ph/0211440
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0211440
http://dx.doi.org/10.1016/0370-2693(93)90136-6
http://arxiv.org/abs/hep-ph/9308222
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9308222
http://dx.doi.org/10.1103/PhysRevD.63.075010
http://arxiv.org/abs/hep-ph/0010301
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0010301
http://dx.doi.org/10.1016/j.nuclphysb.2011.08.017
http://arxiv.org/abs/1107.2670
http://inspirehep.net/search?p=find+EPRINT+arXiv:1107.2670
http://arxiv.org/abs/0806.0538
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.0538
http://dx.doi.org/10.1016/j.cpc.2010.11.030
http://arxiv.org/abs/1002.0840
http://inspirehep.net/search?p=find+EPRINT+arXiv:1002.0840
http://arxiv.org/abs/1211.0552
http://inspirehep.net/search?p=find+EPRINT+arXiv:1211.0552

	Introduction
	Tadpole RGEs
	Tadpole in non-supersymmetric theories
	Translating from over(MS) to over(DR)'
	Result

	RGEs of a Dirac gaugino extension of the (N)MSSM
	Dirac gaugino masses
	Tadpole equation

	Conclusions
	General non-supersoft operators
	Two-loop RGEs for SUSY and standard soft terms
	Anomalous dimensions
	Gauge couplings
	Gaugino mass parameters
	Trilinear superpotential parameters
	Bilinear superpotential parameters
	Linear superpotential parameters
	Trilinear soft-breaking parameters
	Bilinear soft-breaking parameters
	Linear soft-breaking parameters
	Soft-breaking scalar masses


