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One-loop corrections to the chargino and neutralino mass matrices in the on-shell scheme
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We present a consistent procedure for the calculation of the one-loop corrections to the charginos and
neutralinos by using theion-shellmass matrices. The on-shell gaugino mass paramkteasd M’ and the
Higgsino mass parameter are defined by the elements of these on-shell mass matrices. The on-shell mass
matrices are different by finite one-loop corrections from the tree-level ones given in terms of the on-shell input
parameters. When the on-sh®lland i are determined by the chargino sector, the neutralino masses receive
corrections up to 4%. This must be taken into account in precision measurements atefuglrdinear
colliders.
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[. INTRODUCTION We present a consistent procedure for the calculation of
the one-loop corrections to the on-shell mass matrix of
For the comparison of the Standard Model predictionscharginos,X, and that of neutralinosy. One has to distin-
with the precision experiments at the CERNe™ collider  guish three types of the mass matrix: the tree-level mass
LEP, calculations at the tree-level were no longer sufficientyatrix X () given in terms of the on-shell parameters, the
making the inclusion of radiative corrections necessary. Theﬁ running tree-level matrix® (Y°), and the on-shell mass

provided important information on the top quark mass, the, iy (v) which generates physicdpole) masses and
Higgs boson mass, and the unification condition for theon-shell mixing matrices by diagonalization. The on-shell

gauge couplings. = < . )
The future generation of colliders, the Fermilab Tevatron,parameters IX and Y are given as fQHOWS' The 99
gaugino mass parameterand the Higgsino mass parameter

CERN Large Hadron CollidefLHC), and ane*e™ linear defined by the el t the chardi hell
collider will explore an energy range where one expects thé" are detined by the e_ements ofthe c arglno on-shell mass
atrix X, the U1) gaugino mass parametbt’ by the neu-

appearance of supersymmetric particles. It will be possible ghat ;
measure cross sections, branching ratios, masses, etc. At ﬂ“no mass matrix , gnd the other parame'ters
e*e” linear collider it will even be possible to perform pre- My, Mg, Sir? &y,tanp) are given by the gauge and Higgs
cision experiments for the production and decay of superboson sectors. We calculate the finite shiftx=X—X and

symmetric(SUSY) particles[1]. This allows one to test the AY=Y-Y. Especially, the zero elements of the tree-level

underlying SUSY model. For instance, for the mass determimatrix Y receive nonzero corrections Y. In the numeri-
nation of charginos and neutralinos an accuracAof=o  cal analysis, we calculate the contributions of the fermion
=0.1-1 GeV might be reached by performing thresholdand sfermion loops, which are usually most important. We
scans[2]. The precision measurements of their couplingsaiso discuss the case where the on-skillis defined by the
will also be possibld1,3—6§. Therefore, for a comparison gysy grand unified theory (GUT) relaton M’
with experiment, higher-order effects have to be included in- 5 a7 ¢ M.
the theoretical calculations. First we illustrate in Sec. Il our renormalization procedure
For calculations of radiative corrections to the massesjor the fermion field withn components. In Sec. Ill, we give
production cross sections, decay rates, etc. of charginos aRfle explicit one-loop corrections to the mass matrices of
neutralinos, a proper renormalization of the chargino angtharginos and neutralinos. We work out the shifts in the ma-
neutralino mixing matrices is needed. One-loop correctiongrix elements, with a discussion of the on-shell renormaliza-
to the masses were given [7,8] in the scale-dependent tion of M, u, andM'. The case in which the on-shdl’ is
dimensional reductioDR) scheme. Chargino production at defined byM is also discussed. In Sec. IV, we present some
one loop was treated by several auth@s11]. In [9], the  numerical results of the corrections by fermion and sfermion
DR scheme was used where the scale dependence was céwops, mainly the correction to the masses for fixed on-shell
celed by replacing the tree-level parameters by running oneparameters. Conclusions are given in Sec. V.
In [10], effective chargino mixing matrices were introduced,
which are independent of the renormalization s€lé pure Il. ON-SHELL RENORMALIZATION OF FERMIONS
on-shell renormalization scheme was adopted for the full
one-loop radiative corrections to chargino and neutralino In this section, we show the on-shell renormalization of
production ine* e~ annihilation[11] and squark decays into the fermion fieldis with n componentgeach component be-
charginos and neutralind42]. In this paper, we study an- ing a four-component Dirac spinoand its mass matrix, fol-
other type of the correction which has not been discussed dowing the formulas if13,14].
far. The mass term of the fermion in the interaction basis is

0556-2821/2001/641)/1150139)/$20.00 64 115013-1 ©2001 The American Physical Society



H. EBERL, M. KINCEL, W. MAJEROTTO, AND Y. YAMADA

V=yrM i+ My (1)

M is annXn mass matrix, which is real assumi@P con-
servation. With the rotations

fr=U¢g, (2

fL=Vi, 3

the mass matrix can be diagonalized:

n

V={Mpf=f Mpfr+fgMpf =2 m¢ fif;, (4
i=1

with the diagonal matrixVp =diagfy,,m,, ... ms ). For
Majorana fermions we allow negati\mfi in order to keep
U=V real. My is related toM by

Mp=UMVT, (5)

We express the bare quantitiggith superscript Dby the
renormalized ones:

fl R=(1+36Z, p)fL k. (6)
L r=fLr(1+56Z] o), (7)
u=u+éU, (8)
VO=V+4V, 9
MO=M+ 6M. (10

6Z, 8U, 6V, and M are (nxXn) matrices. Hence
Pa=[UT(1+36Zg)+ oUT]fg (11)
and
PP =[VT(1+36Z )+ oVT]f. (12

By demanding that the counterterrd8l and 6V cancel the
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We start from the most general form of the matrix element
of the one-loop renormalized two-point function for mixing
fermions,

iy (k2)=i{8;(k—mg ) +K[P_IT5 (k) + PRII}(K?)]

+HIISH (K P+ ISR Py (17)

ITL, TIR, TISL, andIISR are the fermion self-energy matri-
ces. The “hat” denotes the renormalized quantities. Then the
mass shiftsé)‘mfk are given by

omy, =3 Re[my [T (mf) + II(mf ) ]+ g (mf,)
+IIR(mE)}, (18)
and the off-diagonal wave-function renormalization con-
stants of6Zg and 67, read (+#]j)
2 R 2 2 L 2
(5ZR)ij:2—Re[Hij(mfj)mfj+Hij(mfj)mfimfj

2

+IER(mE yme + T (mf )m ]. (19

(6Z,); is obtained by replacindg.«<~R in Eq. (19). The
counterterm for the mass matrix elemeéi;; can be written
as

5MIJ = %% Ukivlj Rdl_[k|(m]gk)mfk+ Hﬁ(mle)mfl

+ITg(mf ) + TTER(m?) 1. (20

11l. CHARGINO AND NEUTRALINO MASS MATRICES
AT THE ONE-LOOP LEVEL
In the MSSM the chargino mass matrix is given by

v2my, sin g

M
X= ( v2my, cospB o @y

antisymmetric parts of the wave-function corrections, we get

the fixing conditions forSU and 6V:
oU=13(6Zg— 6Z})U, (13

V=162, — sZ)V. (14)

This is equivalent to redefining the wave-function shifts in a

symmetric way,

0 R=[1+%(8Z, g+ 6Z{ 1fL g, (15)
12 g=fLRl1+3(6Z] g+ 62, )], (16)

and setting SU=6V=0. The renormalization conditions

Egs. (13) and (14) have already been used [it3,11]. Ac-

cording to Eq.(5), the on-shell mass matriM is composed
of the on-shell mixing matricesl,V) and the pole masses,

Mp= diag(mfi (pole).

It is diagonalized by the two real (22) matricesU andV:

ms: 0)

UXV'=Mp=
0 My

(22

with g, and My the physical masses of the charginos
(choosingn;q<m;(2+). The shifts forU andV are then given
by Egs.(13) and (14):

sU=1(szx — oz MU, (23)
sV=1(sz) —sz) V. (24)
The shift inX follows from

6X=8(UTMpV)=6U"MpV+UMpsV+UTSMpV.
(25)
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Its matrix elements are

2
(6X)ij :gl [ (8UiVi+ Ui Vi) + ms + Uy Vi1,

(26)

where the elementsU,; and 6V,; are obtained from Egs.
(23) and (24) together with Eq(19). 6m;(k+ is given by Eq.

(18). The explicit forms for the chargino self-energies are

given in Eq.(A1).
Now we want to calculate the on-shell mass maifiat

the one-loop level. We first show the relation between three

types of the mass matrix:X, X, andX®. X is the tree-level
mass matrix, which has the form of E@1) in terms of the

on-shell parametersM, u,my,tang). X is diagonalized by
the matriced) andV to give the eigenvalue®; . The bare
mass matrix(or the DR running tree-level matrjxX° is re-

lated toX by

X0=X+ 8.X, (27)

where 5, means the variation of th@n-shel) parameters in
X. The correction25) represents the difference betwexh

and the on-shelk, with X°=X+ 6X. This implies

X=X+ 8 X— X=X+ AX. (28)

The one-loop corrected matriX is the sum of the tree-level
mass matrixX with the on-shell quantities and the ultraviolet
(UV) finite shiftsAX.

To discuss the shiftd X, we need to fix the definition of

the on-shell parameters X. In this paper, we define the
on-shell parametengl and u by the elements of the on-shell
mass matrix of charginos, byl =X;; and u=X,, respec-
tively. This definition gives the counterterms

SM=(6X)11, (29
Sp=(6X) . (30)
|

M’ 0

0 M

Y= .
—mzsin#,cosB  myCcosh,, cospB

m; sin 6y, sinB

Since we assum€P conservation, this matrix is real and

symmetric. It is diagonalized by the real matdx
T_ _ .

ZYZ —MD—d|agm;(g,m;(g,m;(g,m;(g). (36)

We allow negative values for the mass parameteys The
I
convention| mo| <|myo| <|myo| <|myo| is used.
1 2 3 4

—my cosby, SinB

PHYSICAL REVIEW &4 115013

We comment later on the case in whighand x are fixed by
the neutralino mass matrix. In addition, we fix the on-shell
myy as the physicalpole) mass and tag by the condition in
the Higgs sector, as given in the Appendix. As a result, we
have

AX11= O, (31)
omy otang

AX12=(m—W+COSZ,8W) XlZ_ 5X12, (32)
omy, . otang

AXa= ( S tang Xa1— 6Xa1, (33

AXZZZ O, (34)

with X4, and 6X,; given by Eq.(25) with the replacements
Uu—U, V-V, and m;(k—>ﬁ1k. The countertermémyy is
given in Eq.(A9) together with Eq.(A1l). StanB is ob-
tained from Eqs(A15) and(A16). By diagonalizing the ma-
trix X, one gets the one-loop pole masses of chargimQ%,

and their on-shell rotation matricésandV, which enter in
all chargino couplings.
If the chargino masses - are known from experiment

(e.g., from a threshold sc}ahone first calculates the tree-
level parameterd!, %, U, andV, using Eqgs(21) and (22
together with the experimental information of chargino cou-
plings[5,6,15. U and sV are then obtained from Eq&23)

and (24), depending on the sfermion parameters. This en-
ables one to calculatéX;, and AX,; and the one-loop cor-
rected mass matriX. By requiring thatX give the measured
chargino massesn; -, one then gets the correct on-shell

parameter$! and . The error that one starts froM andz
is of higher order. The dependence of this procedure on sfer-
mion parameters will be discussed in Sec. IV.

Let us now turn to the neutralino sector. The mass matrix
in the interaction basis has the form

—mzsinéycosB  mysinfysinB

m; cosf,,cosB  —m; cosh, sinB
(35
0 —p
— 0

The shift for the rotation matri¥ is obtained from Eqgs.
(13) and(14) by the substitutiont) -Z andV—Z,

52="1(62"- 52¢MZ, (37)

67T=177(625 - 52%). (39)

115013-3



H. EBERL, M. KINCEL, W. MAJEROTTO, AND Y. YAMADA

Note thatézfoz 52%0 due to the Majorana character of the AY 4= —6Y 44,

neutralinos. The shif6Y is given bydY=6(Z"Mp2), i.e.,
for the matrix elements

4
(5Y)|] = kzl [5m’)‘(EZk|ZkJ + m;(EEZkleJ + m;(EZki 5Zk]]

(39

The wave-function correction termszX’ are given by Eq.

(19 and 5m;(<k) by Eq. (18). The formulas for the neutralino

self-energies are shown in Eq#4) and (A5).

We again start with the tree-level mass matyifee=Y,
which has the form of Eq(35) in terms of the on-shell pa-
rameters ¥M,u,M’,m;,sinf,,tanB). First one calculates

the tree-level massd®, and the rotation matri¥ by diago-

nalizing Y. In analogy to the chargino case, the one-loop

on-shell mass matri¥X is

Y=Y0-8Y=Y+5.Y-8Y=Y+AY. (40)

Here 5, means the variation of the parametersYinAgain
AY is UV-finite.

We need to fix the on-shell input parametersYin The

PHYSICAL REVIEW D 64 115013

(51)

with 8Y;; given by Eq.(39) with Z—7Z, and Myo— k.
dsin 6y and dm; can be calculated from Eq§A9)—(A13).
Notice that the element¥,=Y5;, Y33, and Y, are no
longer zero. Recall thaiM = §X,; and u= 6X,,. The cor-
rected neutralino masses and the corrected rotation niatrix
are obtained by diagonalizing the matix Eq. (40).

So far we have treated ' as an independent parameter to
be determined in the neutralino sector. If we assume a rela-
tion between gaugino masses, we may define the on{gHell
as a function of other on-shell parameters instead’ gf.
The shiftAY, is then no longer zero. For example, when the
SUSY SU5) relationM’ = £ tar? 6,M holds for theDR pa-
rameters, and the on-shéM’ is defined by imposing the
same relation on the on-shell parameters, one has

2 §sinfy M

AYy=| = 2 | Y= 6Y 4.
11 cog 6y singy, M| 1 oY

(52)
We note that Eq(52) is also applicable in other models for
gaugino masses, e.g., in the anomaly mediated SUSY break-
ing model[16,17] whereM' =11 tarf ,M.

Finally, we would like to remark that one could also first

on-shellM and u are already determined by the chargino determine the on-shell values &f’,M,u from the neu-

sector. We define the on-shell paramdigr by the on-shell

mass matrix of neutralinos &,;=M /. This condition gives

We further fix the on-shetin, , sir? 6,=1—né/mé, and tarB
in the same way as in the case of charginos.

tralino sector, which mean8Y ;=AY ,,=AY3,=AY,3=0,
see EQgs(35) and (42)—(51). This would imply corrections
AX;1 andAX,, in the chargino system.

IV. NUMERICAL EXAMPLES

In this section, we will give some numerical examples for

The 10 independent entries of the real and symmetric mathe on-shell one-loop corrected mass matrices and masses of

trix AY are
AY;,=0, (42)
AY]_Z: - 5Y12, (43)
omy;  5sinfy dtang
omy;  §sinfy dtanp
A (m_z " singy "0 P ang Y aer (49
AY = 06M—6Y 5, (46)
s ssinfy ., dtanB
AYq5= (— tar - o —sin’ B tang | Y28~ 9Vas
(47
smy 8sin by, stanB
— Y, (48
AY33: - 5Y33, (49)
AYgz=—Sp— 6Y 34, (50

the charginos and neutralinos. We take into account the con-
tributions from all fermions and sfermions.

For simplicity, we will take in the followind(if not speci-
fied otherwisg for the soft breaking sfermion mass param-
eters of the first and second generatidimalz: Mglvz
= %5152 Mlgl*zi MNEI{, of ~the ~third generation_M Qs
=3 M{,=1Mp =M{ =Mg =Mg, and for the trilinear
couplings A;i=A,=A.=A. We take m=175GeV, my
=5GeV, my;=91.2GeV, my=80GeV, and mpo
=500GeV. Thus the input parameter set is
{tang, Mg, Mg, A M, M’, u}.

We always assume that tlien-shel) values ofM and
are obtained from the chargino sector as described in Sec. Ill.
Then the chargino mass matrix only gets corrections in the
off-diagonal elements of the matrk In general, the correc-
tions to the chargino masses are sn&lll%). For instance,
for tang=7 and{Mg ,Mg,A,M,u}={300,300;-500,300,
—400 GeV one gets for AX;,/X,,~0.7/122 and for
AX51/X5=—1.1/16, Am;(l+/m;(l+= -0.24% and

Amy+ /my+=—0.14%. For the same parameters butgan
2 2

=40 one getS fOI’ AXlz/X12223/113, Ale/le
=—3.2/2.8, Am;+/m;(+=—0.76%, and Amy/m;ﬁ

1 1 2 2
=—0.46%.

As shown in Sec. I, the on-shell parametétsand u for
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A [GeV] A [GeV]

FIG. 1. AM=M—M®" (full lines) and Ap=u—pu®" (dashed lingsas functions ofA with tang=7, Mg =Mg=300GeV, and
sgnw)=—1. In (a) {m~1+,m;(2+}={126.7,322 GeV giving {M®" ;,#M={300,— 130 GeV for M>|u|. In (b) {m;;,m;(;}={200,30(} GeV
giving {M® &M =(227.7- 255.6 GeV for M<|u].

given values of the pole masses; and My depend on and its correctio\Y calculated for the same set of param-

sfermion parameters. In Fig. 1, we show the valueMaind ~ ©ters as in Fig. @), with x=110GeV,
p as functions ofA, for fixed My tang=7, and Mg,

=Mg=300GeV. For comparison ‘we show the difference

from the effective parameters used [it1], M®™ and w°f. 1494 0 —6.2 433
These are obtained from the pole masm;slsz by tree-level ~ 0 300 113 —-792
sum rules and are therefore independent of sfermion param- Y+AY= _62 113 0 110 GeV
eters. We see that the dependence on the sfermion parameters : :
becomes large favl ~| u|, i.e., large gaugino-Higgsino mix- 43.3 —79.2 110 0
ing.

Let us now discuss the neutralino sector for the on-shell 0 03 0.0 0.9
M and u fixed by the chargino sector. We first treat the on- 03 -01 -01 -0.2
shell M’ as an independent parameter. Then the one-loop + 00 -01 -00 02 GeV.
corrections to the mass matr{85) are calculated by Egs. ' ' ' '
(42)—(51). 09 —-02 02 -43

In Fig. 2(a), we show the relative correctioﬁmg/mg as
a function of u for tang=7 and {Mg ,Mg.A,M.M'}
=1{300,3005- 500,300,149 jGeV. Notice that also the zero elements‘¥6fget nonzero correc-
One can see that the correctionstig andnio cango up  tions. Especially, the most important contribution comes
to 2.2% for|u|~100 GeV, wheré? andy5 are Higgsino-  from the elemenfY,,, that is, from theH to HY transition

like. Figure 2b) shows the same as Fig(a® for tang=40  via att loop. The effects ofAY,,, AYss, AYas, andAY,,

with the other parameters unchanged. The general behavigh the masses were discussed in the limiting casesfor

of the curves is very similar. _ <(M,M’)in[18] and forM<(|x|,M") in [19,17], respec-
We also present numerical values of the mass mafrix tively.

T T T T L — \y T T T
- ; '
A N (
I A ,’—’ \\ '~y
- ‘..-" , ,’ ] - ‘\ ‘;'_'-.._.
<. H
u :ﬁ\‘ T R s ‘J\‘
-800 -400 -400 -200 0 200 400
p [GeV] p [GeV]

FIG. 2. Relative corrections to neutralino masses as a function fdfr tanB=7 (a) and tan3=40 (b) with {Mél,Mé,A,M,M’}

={300,300;- 500,300,149 4GeV. The full, dashed, dotted, and dash-dotted lines correspoiid,t®3, %3, and’¥3 mass corrections,
respectively. The gray areas are excluded by the bouqqlc; 100 GeV, m;0>95 GeV.
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T T T T T . : . :
eyl TS = 3 =
------- 1.
= . - S R
! .
E%( W0 "'-'i‘-"-'_'_'_'_.'..T.:..—..:.::..—..::.:..—.::.:.:.-.:..-..-.....q.. gx" E?-s 0 Frimememsmamsmam o
q |f i q -
-3}
-2 —|/f\ L 1 — R R B
-600 -400 -200 O 200 400 600
0 200 400

M [GeV] A [GeV]

) ) ) ) FIG. 5. Relative corrections to neutralino masses as a function
FIG. 3. Relative corrections to neutralino masses as a functionye A for tang=7 and{Mg ,Mg,M,M’, 1} ={300,300,300,149.4

of M for tang=7 and {Mg Mg 'A’“}:{3OO’3OO‘__ 500, —130 GeV. The full, dashed, dotted, and dash-dotted lines corre-
—130 GeV. The full, dashed, dotted, and dash-dotted lines Corre'spond to}‘((l), 3(2 }g and}‘(g mass corrections, respectively. The

spond to¥3, X3, X3, and¥3 mass corrections, respectively. The gray areas are excluded by the bour=100 GeV.
gray areas are excluded by the boun;i1+>100 GeV. !

In Fig. 3, we show theM dependence withM’ =3tarf 4,M in the DR scheme. Then it is possible to define

—0.498M for u=—130GeV and the other parameters as inthe on-shellM’ by imposing this relation on the on-shell
Fig. 2a). One sees that up th =200 GeV, theM depen- Parameters. In this casa,Yy; gets a contribution according

1 1

%° becomes Higgsino-like. One also sees the various discor];E)r the parameter set of Fig(@ with p=—130GeV one
tiéuities in> and X3 due to “level crossings’(see, e.g. gets AYyy/Y1y=5.7/149. This corresponds to the SUSY

threshold correction to the unification condition of the

[20)). : : _
. - gaugino massel¥,22]. AY,; gives a large correction to the
Figure 4 exhibits the dependence I, for the same mass of aB-ino-like neutralino. This is clearly seen in Fig. 6.

para_lmeter set as in Fig(@ with n=—130 _G-e_V. The cor- Figure 8a) shows the correction tor0 as a function ofv
rections to the masses become smaller with increasifg X3

The dependence oMg_for fixed Mg is very small. The for u=—130GeV and the other parameters as in Figy.2
effects of the nondecoupling correctioig1,10 to the The solid line shows the case in which th& parameteri

gaugino-Higgsino mixing elements of and X cannot be andM’ satisfy the SUSY GUT relation and the on-shidl
seen in Fig. 4. is defined by the same relation. For comparison, the dotted

In Fig. 5, we show the dependence @n, with = line shows Fhe case in which the o.n-shw is defined_by
~130GeV,A,=A_ fixed to 500 GeV, and the other param- Y11 @S an independent parametgvith AY;=0), but its
eters as in Fig. @). It is strong for the Higgsino-like states Value coincides with the on-shejitar’ &,M. X3 is B-ino-
%2 andx3 being mainly due to thé, dependence ahY,,. like for M>200GeV andsmso/mse goes up to 4%. In Fig.
The sensitivity to the value ok, andA . is very weak. 6(b), we show 5”‘3{‘1’/”‘}2 for u=—300GeV. Here}(l) is

Finally, we discuss the interesting case in whMh and  4jmost purelyB-ino-like, hence it also gets a large correc-
M are related by the SUSY S8 GUT relation M’ tion.

N . V. CONCLUSIONS

=i I e 1 We have presented a consistent method for the calculation
%‘;‘ 2> 0 I olget-L S P of the one-loop corrections to the on-shell mass matrices of
g charginos and neutralinos, and hence their masses. The on-
shell parameter$/, u, and M’ are determined by the ele-
] ments of the on-shell mass matrices. We have calculated the
B ) = S T T corrections to the tree-level mass matrices in terms of on-
250 500 750 1000 shell parameters. We have performed a detailed numerical
M[GeV] analysis of the corrections due to fermion and sfermion
loops, as a function of the SUSY parameters. When the pa-
FIG. 4. Relative corrections to neutralino masses as a functioiametersM and u are determined by the chargino system,
of Mg for tanp=7 and {Mg ,AM,M’ u}={300, one gets corrections to the neutralino masses of up to 4%.
—500,300,149.4; 130 GeV. The full, dashed, dotted, and dash- We have also treated the case in which the on-skéllis
dotted lines correspond %2, %5, %3, andXS mass corrections, defined byM using the SUSY GUT relation. Therefore, these
respectively. The gray areas are excluded by the boomd  corrections have to be taken into account in precision experi-
=100 GeV. ments at futuree™ e linear colliders.
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4
S
— 2
¥
4 |E
0

FIG. 6. Comparison of relative correctionsm;(g (a) and m,o (b). The full line shows the case where the SUSY(SUGUT relation is
assumed for th®R parameter$! andM’, and the on-shelM’ is determined fronM by the same relation. The dotted line corresponds to
the case where the on-shéll’ is an independent parameter but satisfies the SUSY GUT relation. Other parameters @& ,tan
{Mal,Ma ,A}={300,300;-500 GeV, andu=[—110(a),—300(b)] GeV. The gray areas are excluded by the bou@gzloo GeV.
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—gViaRY +hVigRYy, Kl =hyUoRY;,

(A2)

gUklR 1T hgU kZRal* Kk=NuVieRY; .

APPENDIX = . . o :

whereU,V(R') are the chargingsfermion mixing matrices
In the following, we give the formulas for the various and

self-energies due to fermion and sfermion one-loop contribu-

tions and the formulas for the countertermsmj, myy,
sin 6y, and tarB used in this work.

Chargino self-energies
The chargino self-energies read

2 NCE [l

gen

ulu
ai aJ

()=~ 5 (K2, m3,m )

+k§ik§,»Bl<k2,m3,m§a>],

Hﬁ(kz):

2 NCE [KEKYB

2 2
md, maa)
gen

41914 g

2 2 2
ai'aj l(k vmuvmaa)]v

(A1)

> NCE [mu|dikngo(k2,m5,msa)

gen

SL —
1_[i k2) (4 )2

+ Mgkl gJBO(kz md,m~ )],

d 2
M) = 72 2 NCE [yl 2kSBo(K? e, mf )

gen

4)2

ulu

+mgky, UBo(K2, md,m~ )].

9
V2mysinB’

gmy
v2my cosB

(A3)

The two-point functionsB, and B; [23] are given in the
convention[24].

Neutralino self-energies

The neutralino self-energies read

HIXJ-°L<k2>=H7X-°R<k2>

>N S z (aljal, +blbh)

gen

(47 )2

2

X By(K2,m?,m?

),

a

(A4)
H%OS L(kZ) H)( 0g, R( k2)

22 2 2 (aalb;j+aa]b;|)

gen

XBO(kZ,mfZ, ). (A5)

m?
f

The neutralino-sfermion-fermion couplings are

af,=9gf RL +hZRY,,

=gfk kR 2+hiZRY;
(A6)

b
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with x=3 for down-type anck=4 for up-type fermionszZ
denotes the neutralino mixing matrix and the terfhs and
fL, are

fhe=val(e—1tantuwZa +17Zel, (A7)
fh=—v2eitanfyZy, . (A8)
Gauge boson self-energies
The counterterms fom,, andm;, are given by
smi=Rell{V(m2) (V=W,2Z). (A9)

For the weak mixing angle we use the definition?gig=1

—mg/mé. This gives[25]
Ssinfy 1 cos by om3
sinBy 2 sir? 6y

2
5mw) . (A10)

mz - My
The explicit forms for the self-energies are

1
M0 = 72 22 Nc[u@ mg —m3) Bo(k?, mg, mg)

gen

+4Boo<k2,m5,m§>—f§d Ao(m?)

+ > 2 (R l)2A0<nrr>

f=ud a=1

—4 2 (RE)(RE)

2
BOO( k2! mfzjarmab) )

Thus we get the counterterm for t8n
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222, 1 ( g )
Mk )_(477)7 cosfy,

X NCE

gen =u,d

{22 [(Ch2(R!y)?

2
+(ChAR! 2>2]Ao<m> 4 E [C/RLR!,
+C;R§2RE2]ZBoo(k2,mf? m)
—[(CH2+(CR212[ Ag(m?) — 2B oo k2, m?,m?) ]
+{K(CDH2+(CchF

—2m¥(C{ — CR)%}Bo(k?,mf,m?) | , (A12)

with

Ccl=1—sir? oyer, Ch=-sifoye;. (A13)

The functionsAy,Bg,Bgo [23] are given in the convention of
[24].

A%-70 self-energy
The mixing angleB is fixed by the conditiorj26]

Im T1 yozo(mZ) = 0. (A14)

The renormalized self—energﬁ[Aozo(kz) is defined by the
two-point function

Z0 = ikt I pozo(k?) €5, (k) .

omlns_ Im 1 . A15
ang  mysin2g A0z0(IM). (AL5)
IT 5070 denotes the unrenormalized self-energy
I pozo(K? )—ﬁzmzsm 28> NC E 13th?
gen
5 n 26z tang 5 2 o
X { Bo(k?,mf,m >+Tf At 1l gor | |(2B1+ Bo) (KE,m; m) (A16)
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