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Deviations from the universality of slepton masses in the MSSM
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In this paper we propose an ansatz that applies to the slepton mass matrices. In our approach, these matrices contain a dominant sector that
can be diagonalized exactly. We study the numerical results for the slepton mass eigenstates, looking for deviations from universality, which
is usually assumed when one evaluates the production of sleptons at future colliders.
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En este articulo proponemos un ansatz para la matriz de masa de fermionesisdafdi@ los leptones-s. Dentro de esta aproxiomaci
las matrices contienen un sector dominante, el cual es diagonalizable exactamente. Se halisisunuarerico de los resultados para los
eigenestados de masa de los leptones-s, buscando las desviaciones de la universalidad de las masas, dicharceokiddescimasas es
utilizada generalmente al evaluar la prodéccde leptones-s en los futuros colisionadores.
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1. Introduction In this paper we are going to study the slepton mass ma-
trices. Our goal is to determine the slepton mass eigenvalues,
Although the MSSM is the leading candidate for new physicsyhich are the ones that hopefully will be measured at coming
beyond the Standard Model, and sensibly explains elecq HC) and future colliders (ILC). For this, we shall propose
troweak symmetry breaking by stabilizing the energy scaleg nierarchy within the mass matrices which will include a
it still leaves unanswered the open problems of the SMgector that will have the property of being exactly diagonal-
among them the flavor problem [1]. Furthermore, SUSYjzaple. This sector will mostly determine the slepton masses.
brings a new flavor problem which is closely related to theywe ais0 include a sector with small off-diagonal entries that

mass generation mechanism of the superpartners, namelyjl| lead to lepton flavor violation (LFV), but we leave this
that a generic sfermion mass could lead to unacceptably larggst analysis for future work.

FCNC, which would exclude the model [2,3]. Several condi- The organization of this paper is as follows. In the next

tions or scenarios have been proposed to solve this prObIerﬂaction we present the terms that contribute to the slepton
which_reduce the n_ur_nber of free par_ameters and_ safely_fit thﬁ1ass matrix in the MSSM. Section 3 explicitly shows the
expe_rlmental restrictions. The solutions handle in the literay o5, proposed for the trilinear terms that contribute to this
ture include [4]: mass matrix as two contribution orders mentioned above, ob-
taining the expressions for the slepton masses. We present
the numerical results for the parameter space in Sec. 4. And
finally, in Sec. 5, we summarize our conclusions.

i) degenerationwhere different sfermion families have
the same mass;

i) proportionality, where the trilinear A-terms are propor-
tional to the Yukawa couplings (SUGRA) [5];

iii) decoupling where the superpartners are too heavy t02' S-lepton Mass Matrix

affect the low energy physics (Split SUSY, focus point

SUSY, inverted hierarchy) [6]; The SUSY invariant terms, which contribute to the diago-

nal elements of the mass matrix, come from the auxiliary

iv) alignmentin which the same physics that explains thefields, namely theé’- and D-terms. However, the mass ma-
fermion mass Spectra and mixing ang|es would also extrix also includes terms that come from the Soft SUSY La-

plain the pattern of sfermion mass spectra [7]. grangian [9, 10]. Within the MSSM, this soft Lagrangian in-
cludes the following terms:

In the MSSM, the particle mass spectra depend on the
SUSY breaking mechanism. The parametrization of SUSY L, ¢, = LTV i0n + Liine” + Louuaine + Lotuino
breaking for MSSM is calle&oft SUSY Breaking, SSBhe
scalar fields are grouped in a supermultiplet together with the L ggsino + ﬁHﬁf} @)
fermion fields in such a way that the scalar masses are linked
to the SSB energy scdland the mass degeneracy could be  In order to establish the free parameters of the model
broken by the SSB mechanism. coming from this Lagrangian, we write down the form of the
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slepton masses and the Higgs-slepton-slepton couplings, tlikere is no reason to expect that the sfermion mass states

first and last term of Eq. (1), which are given as are exactly degenerate, and there is no solid theoretical basis
; 2 EiZt s it to consider such patterns, although they are phenomenologi-
Loopr = —mip B BT —m7 LT cally viable [8, 15].
- We assume, as in supergravity models, the condition of
— (Ae,i E'L? Hy + h.c), (2)  degeneracy on pure Left and pure Right contributions:
where thetrilinear terms or A-terms are the coefficient of M3, ~ Mzg ~ milzys, (7

the scalar Higgs-sfermions couplings.

In principle, any scalar with the same quantum numbersa Our ansatz for the A-terms is built up using texture forms
. ' . nd hierarchal structure. Th rametrization i tain
could mix through the soft SUSY parameters [11]. This gen- d hierarchal structure € parametrization is obtained by

o . L assuming that the mixing between third and second families
eral mixing includes the parity superpartners fermionic la-

bels. and lead " fermion m matrix given is greater than the mixing with the first family. Furthermore,
€IS, and feads us lo a S\ermion mass matfix given as a squaf§, 5 peen observed that current data mainly suppress the
6 x 6 matrix, which can be written as a block matrix as

FCNCs associated with the first two slepton families, but al-

N - M?, M2, 3) low con_s_iderable mixing between the second and third slep-
F— Mﬁ% M2, ton families [1].
Thus, our proposal includes dominant terms that mix the
where second and third families, as follows:
1 0 0 0
M2, =m? + MO% 4 cos28(2m3, — m3)lsxs, (4
iL=m3 ) 5 Cos B(2miyy — my)l3xs, (4) A=Al =0 w 2|4, ®)
My = M2+ M2 — cos28sin> ByymZlsws,  (5) 0y 1
so that mixtures with the first family are treated as correc-
9 Ajvcos 3 (0) . d . .
M, = 5 M;” jutan g, (6) tions, and are given as:
e s r 0A., 0As OA,
whereM/” is the lepton mass matrix. §A;=|s 0 0)Ay=|64, 0 0 9)
The lepton-flavor conservation is violated by the non- r 00 6A, 0 0

vanishing off-diagonal elements of each matrix, and the size In the case ofv = 0, we reproduce the ansatz given in
of such elements is strongly constrained from experimentsRef. 1. The dominant terms givedax 4 decoupled block

In the SUSY Standard Model based on supergravity, it is asmass matrix, with respect to the basjs ér, fir., fir, 71, TR,
sumed that the mass matrice% and m% are proportional as

to the unit matrix, whileA. ;; is proportional to the Yukawa a 00 0 0 O
matrix y. ;;. With these soft terms, the lepton-flavor num- 0 a0 0 0 O
ber is conserved exactly [12]. However, in general soft- o | 0 0)a X2 0 A (10)
breaking schemes, we expect that some degree of flavor vi- ! 0 0] Xy a A, 0 |’
olation would be generated. A particular proposal for this 0 0] 0 A a X3
pattern is presented next. 0 04, 0 X3 a
with
3. An ansatz for the mass matrix X3 = (1/V2)Agvcos 3 — pm tan B
The trilinear terms come directly from the Soft SUSY break-2nd

ing terms, and contribute toward increasing the superparticle Xy = Ay — pmy, tan .
masses. We analyze the consequences for sfermion mas
by assuming that such terms would acquire a specific flav

ructure, which is represen res Textur . . .
structure, ch is represented by sotegtures Textures andtan 5 = vy /vy is the ratio of the two vacuum expectation

represent aa priori assumption [13, 14], in this case, for the : . ' i
! . - .~ values coming from the two neutral Higgs fields; these three
mixtures between sfermion families. Such a structure implies
; . : are MSSM parameters [11, 16].
that we can classify the matrix elements into three groups, : ]
The correction takes the form:

those that contribute at leading order, those that could gener-

o?/%ereu is the SU(2)-invariant coupling of two different
I[|iggs superfield doubletsy, is the trilinear coupling scale

ate appreciable corrections and those that could be discarded, 0 04 0 04, 0 04,
obtaining a hierarchal texture form. 04. 0 |04, 0 04, 0

We propose an ansatz for the trilinear A-terms in the fla- 572 — 0 o4, 0 0 0 0 . (11)
vor basis, and study its effects on the physical states. We : 045 0 0 0 0 0
work on a scheme that performs exact diagonalization. First, 0 04, 0 0 0 0
we parameterize off-diagonal terms, assuming a flavor asym- 04, 0 0 0 0 0

metry inherited from the fermionic SM sector. In general, The explicit forms ofA, , ,, andd A are given in Table I.
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m=A =l =500 GeV w=y=[0.02,1]
TABLE |. Explicit terms of the sfermion mass matrix ansatz, as- 580 - ' ' ' ' ' ) ' ' ' ' i
sumingd A. as a third order element. q
560 - ¢ .'52 -1
2l-
— 1 -5 o4 K,
dominant correction % &40 o j‘i
bt i
A, = %ZAOU cos (3 0As = %SAOU cos 3 %520- L ‘;"‘ ]
Ay = %onv cos 8 0A, = %TA()’U cos 3 ﬁ 1
Ay = %onv cos B 0A. =0 g .
480 -
c
e &
g 440 .
m0=A0=|u|=500 GeV tanﬁ=15 w 420 - i
525 ————1— L Il LI
y=[0.02,1] e ]
.---.-.--uz- L L L L L L L L )
7, 5 40 30 -20 -10 0 102 20 30 40 50
3 : (signu) tang
e oo FIGURE 2. Slepton mass with respect tan 8 for pisusy < 0,
§ 1. ::,z fsusy > 0 and withw=y=[0.02, 1], Mo=A0=|tsusy| =500 GeV.
N T T T T T T .
E (signu) w parameter N f?
525 1 1 1 Ll M 5 1 1 v 1 L * t2 . . . .
g 5207 w={0.02,1] In order to obtain the physical slepton eigenstates, we di-
‘g g:g: K H, 3 agonalize the x 4 mass sub-matrix given in (10). In order to
® sis ki achieve an analytic diagonalization, we consider that y.
igg y ||||m The _rotation will be performed on this part using a hermitian
a0 2 . : . matrix Z;, such that
485-_ 1 “1 -
480 3 ~
4754— T 1 ' T 17 UV U ] ZlTMZQZl:M%iaW (12)
40 08 06 04 02 00 02 04 06 08 10
(signu) y parameter where
mi Xo 0 A,
FIGURE 1. Slepton mass dependency with respect to the parameter M2 — Xo 7713 A, 0 13
endency with respect t 2 = y (13)
ansatzw (up) andy (down) withmo = Ao = psusy = 500 GeV 0 A, mj X3
andtan 8 = 15, consideringususy < 0 andpisysy > 0. Ay, 0 X3 m3
| Then the rotation matrix is given by
€r 1 0 0 0 0 0 €1
[f I ) 8 — sin@% — cos é 8 sin %@ cos % [%1
7~'L _ 1 cos 5 —sin § —cos§ sing 7:1 _ Zgl, (14)
€R V2 0 0 0 1 0 0 €9
AR 0 —sin? cos® 0 —sin? cos¥ [i2
TR 0 cos¥ sin¥ 0 cos¥ sin¥ Ty
with
| 2 1 ~ 2
. 24, My = 5(27”0 +Xo+ X3 - R),
Sinp = = )
4A2 + (X5 — X 2 ~ 2
\/ 5+ (X2 3) mi, :5(2m07X2—X3+R),
(X2 — X3) 1
cosp = (15) mE = (22 — X0 — Xa— R
\/4A§+(X27X3)2 71 2( 0 2 3 )s
1
2 ~2
. . . mz = -(2my+ X2+ X35+ R 16
We obtain the following hierarchy for the sleptons: = 52mo+ X2+ Xy 4 R), (16)

mz < mp, < mp, <Mz, forp <0, having the following
eigenvalues:

with R = \/4A§ + (X — X3)
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FIGURE 3. Slepton mass dependance Qmsusy, With

mo = Ao = 500 GeV (up). And slepton mass dependence on

Ao fOr prsusy < 0 andpsusy > 0, With 1o = |psusy| = 500 GeV
(down). Both withtan 8 = 15 andy = w = 1.

4. Numerical results for slepton masses

nearly degenerate, while far > 0 the staus are the degener-
ated ones. We also observed that the parameter dependency
becomes diluted foran 5 >~ 12.

Although we have considered the SSB parameters equal
to the SUSY breaking mass scag = |u| = Ay, this is not
necessarily true. We explore independently the possible val-
ues for the Higgsinos mass parameiefrom the soft mass
term, as is shown at the top of Fig. 3. In the same sense
we explore independently the trilinear-A coupling, the results
are shown at the bottom of the same Fig. 3. In both cases
we set the soft mass term &g = 500 GeV. We observed
again the difference in the mass hierarchy between smuons
and staus depending on thesign. In the trilinear coupling
dependency, we observe that the non-degeneration increases
for Ag > myg.

5. Conclusions

We have studied the possible non-degeneration for the slep-
ton masses, using an ansatz for the slepton mass matrix.
Specifically, consider the mixing to occur between the sec-
ond and third families, and assume that this mixing comes
solely from left-right terms. We encounter the parameter
space dependency of the masses, including both the MSSM
parameters and the proposed model parameters. This non-
degeneracy could be measured in the cases where it is about

From the expressions for the slepton masses (Eq. 16), we/o of the SUSY Soft-Breaking mass scaie); this percent-
shall analyze their parameter dependency. In Fig. 1 we sho@ge is suggested by considering the experimental uncertainty.

the dependence af(= z) andw. Then, in the next two fig-

We observed that the strongest dependence comes from

ures we show the dependence of the slepton masses on e MSSM parameter space, while, as we expected, the pa-

usual MSSM parameters, Ag andtan (3.
We see thal(; and X, are given in terms of andtan g,

having a strong dependency on the signupfind so we ob-

tain a hierarchy of the slepton masses given as follows:

©w<0
My < My, < (Mey=Mey) <My, <mg, (A7)
w<0

My, < Mry < (Mo =Mey) <My <My,  (18)

rameters of the ansatz act only to accomplish this for some
non-zero terms.

A dependence on the sign is strongly manifested.
The mass hierarchy changes whetheis positive or neg-
ative, which leads us to the conclusion that if the hi-
erarchy mass spectrum is the most expected dree,
ms <mp, <mg,<ms, thenpy must be negative. Also we
observed that, for each case,

e For u > 0, we obtain non-degeneration on smuons,
and the difference betwegh and/i, could be larger
than 10% fortan 8 ~> 30 and|u|/mo ~> 2, while

We observed this on the graphs of Fig. 1, where we
run the values of; andw independently through a range of
[0.02,1] and set the values for the soft SUSY breaking scale
asmp=500 GeV, withtan 6 = 15. We have practically no
dependence on parametgrand forw = 0, we have degen-
eracy for the lightest slepton, up to 10 GeV for smuons with
w = + 1; and no dependency for the heaviest sleptons. As

we mentioned above, the strongest dependency comes from e

the MSSM parameter, and the deviation from universality is
manifested by the staus, and in the cas@ of 0, giving a
difference in stau masses f40 GeV.

In Fig. 2 we verify the behavior of slepton masses with
tan 3, for the ansatz parameter setyas w = [0.02, 1], and
mo = 500 GeV. We found that fopx < 0 the smuons are

we obtain approximately, stau degeneration, where
only for Ag/mo > 2, we reach a difference of 3%
of thermy.

Analyzing the ansatz parameters, we obtain an in-
creased mass difference fgpe= w = 1 up to2%, with
the strongest dependency being onidhparameter.

For . < 0, the non-degeneration is obtained for the
staus, with a difference between them of 10% or more,
for tan 8 ~> 30 and|u|/mo ~> 1.6. And we have,
practically, smuon degeneration. In this case, consider-
ing Ag/mo > 2 generates a difference in stau masses
of ~ 10% of g, with tan 3 = 15, while for the
smuons we reach onli’%. For the ansatz parameters
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we also have an increase in mass difference Wyo
fory=w=1.

For tan 3 we conclude that, if degenerate masses are

measured, then thewn § value should be arountD, while
in the other case, non-degeneration is manifested either for
smalltan g (less than~ 5) or for a large value.
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