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We show that in supersymmetric models with explicit flavor lepton number
violation due to soft supersymmetry breaking mass terms there could be detectable
flavor lepton number violation in slepton decays. We estimate LHC discovery
potential of the lepton flavor number violation in slepton decays.

PACS: 12.60.-

Supersymmetric electroweak models offer the simplest solution of the gauge
hierarchy problem [1-4]. In real life supersymmetry has to be broken and the
masses of superparticles have to be lighter than O(1) Tev [4]. For the supersym-
metric extension of the Weinberg— Salam model soft supersymmetry breaking terms
usually consist of the gaugino mass terms, squark and slepton mass terms with
the same mass at Planck scale and trilinear soft scalar terms proportional to the
superpotential [4]. For such ”"standard” supersymmetry breaking terms the lepton
flavor number is conserved in supersymmetric extension of Weinberg—Salam model.
However, in general, squark and slepton soft supersymmetry breaking mass terms
are not diagonal due to many reasons [5-15] (an account of stinglike or GUT
interactions, nontrivial hidden sector, ..) and flavor lepton number is explicitly
broken. As a consequence such models predict flavor lepton number violation in
u- and 7-decays [5-13]. In our previous papers [16—18] we proposed to look for
flavor lepton number violation at LEP2 and NLC in slepton decays.

In this paper we investigate the "discovery potential” of LHC of flavor lepton
number violation in slepton decays. We find that at LHC it would be possible to
discover lepton number violation in slepton decays for slepton masses up to 300
GeV provided that the mixing between sleptons is closed to the maximal one.

In supersymmetric extensions of the Weinberg—Salam model supersymmetry is
softly broken at some high energy scale Mgyr by generic soft terms:

—Lsope = m3/2(A:‘Ju;Z‘TLH +A dRqLHd+
+ALERIL Ha + hc) + (md)y qL(@h)* + (md)yj iy x
X(8R)* + (m)ijdr(dR)* + (mf)TL (B)* + (m2)i;&% x
x(&R)T + miH H + miH H] +

1
+(Bmj s HuHa+ 5ma(A)a +hc.) | (1)

2
where ,j,a are summed over 1, 2, 3 and §, igr, dr denote the left- (right-
Jhanded squarks, I, ér the left- (nght Jhanded sleptons and H,, Hy the two
Higgs doublets; m, are the three gaugino masses of SU(3), SU(2) and U(1)
respectively. In most analysis the mass terms are supposed to be diagonal at
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Mgur scale and gaugino and trilinear mass terms are also assumed universal at
Mgyt scale. The renormalization group equations for soft parameters [19] allow
to connect high energy scale with observable electroweak scale. The standard
consequence of such analysis is that righthanded sleptons égr, fir and 7g are the
lightest sparticles among squarks and sleptons. In the approximation when we
neglect lepton Yukawa coupling constants they are degenerate in masses.

In our analysis we assume that the lightest stable particle is gaugino cor-
responding to U(1l) gauge group that is now more or less standard assumption
[20]. As it has been discussed in many papers [5-15] in general we can ex-
pect nonzero nondiagonal soft supersymmetry breaking terms in Lagrangian (1)
that leads to additional contributions for flavor changing neutral currents and to
flavor lepton number violation. From the nonobservation of u — e + v decay
(Br(u —e+v) <5-10711 [21]) one can find that [5,6-19)

Am? )RR -
(————m'—)— = (bep)rr < 2k - 1071 M2, /(1 TeV)?, (2)
where k = O(1). For m;, = 70GeV we find that (6.u)rr < 1073. Analogous
bounds resulting from the nonobservation of  — ey and T — uy decays are not
very stringent [5,60-23].

The mass term for righthanded ér and jir sleptons has the form

~ 6L =miékér + miifiin + miy(Fhitn + AferR) (3)
After the diagonalization of the mass term (3) we find that the eigenstates of
the mass term (3) are
€r =€ércos(¢) + frsin(¢) , 4
fig = fir cos(¢) — &x sin(¢) (5)
with the masses

M3, = (1/2)[(m] + m3)  ((m] — m3)* + 4(mi;)*)"/?). (6)

which practically coincide for small values of m? — m? and m3,. Here the mixing
angle ¢ is determined by the formula :

tan(2¢) = 2mi,(m} — mj)~* (M

The crusial point is that even for small mixing parameter m2, due to the smallness
of the difference m? — m2 the mixing angle ¢ is in general not small (at present
state of art it is impossible to calculate the mixing angle ¢ reliably). For the
most probable case when the lightest stable superparticle is superpartner of the
U(1) gauge boson plus some small mixing with other gaugino and higgsino, the
sleptons fip, €r’ decay mainly into leptons urp and ep plus U(l) gaugino A. The
corresponding term in the Lagrangian responsible for slepton decays is

2 . i
L= %(ERALeR + BrApfR + h.c.), (8)

where g2 =~ 0.13. For the case when mixing is absent the decay width of the
slepton into lepton and LSP is given by the formula

2
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TLSPyZ (10)

where M,; and Mpsp are the masses of slepton and the lightest superparticle
(U(1)-gaugino) respectively. For the case of nonzero mixing we find that the
Lagrangian (11) in terms of slepton eigenstates reads

L= %[eRAL(eR cos(¢) — R sin(¢)) + #R/\L(MR cos(¢) + eR sin(¢)) + h.c]  (11)

At LEP2 and NLC in the neglection of slepton mixing fir and 7z sleptons pair
production occurs [22] via annihilation graphs involving the photon and the Z°
boson and leads to the production of ﬁ}ﬁ;{ and ?}J{ﬁ; pairs. For the production
of righthanded selectrons in addition to the annihilation graphs we also have
contributions from the t-channel exchange of the neutralino [23] .

An account of nonzero smuon-selectron mixing leads to the following formulae

for the cross sections for LEP2 and NLC:
o(ete™ — ete™ + LSP + LSP) =k[(A + Bcos’(¢))? cos*(¢) +
+(A + Bsin?(¢))?sin?(¢) + B?sin*(24)/8], (12)

o(ete™ — ptu~ + LSP 4+ LSP) = k[(A + Bcos?(¢4))? sin*(¢) +

+(A + Bsin®(¢))? cos*(4) + B?sin*(2¢)/8], (13)
o(ete” — uf +eT + LSP + LSP) = EEl—zﬁzﬂ[(fl + Bcos®(¢))? +

+(A + Bsin?(¢))? + B%(cos*(¢) + sin*(4))]- (14)

Here A is the amplitude of s-exchange, B is the amplitude of t-exchange and % is
the normalization factor. The corresponding formulae for A, B and k are contained
n [23]. The reaction (14) proceeds with violation of flavor lepton number.

It should be noted that formulae (12)-(14) are valid only in the approximation
of narrow decay width of sleptons

2Img < ]mf-‘ - m2 |. (15)

For the case when the inequality (15) does not hold the effects due to the finite
decay width are important and decrease the cross section with violation of flavor
lepton number. The cross section for the reaction ete™ — etu~ + LSP + LSP is
proportional to

o ~ sin’(¢) cos?(g) / |D(p1, mé, ) D(p2, me, I') — D(py, m, I') D(p2, m, T')|*dpidp3,
(16)

where 1

p* —m? —i'm (17)
and I'; ~ [z =T. The approximation (12)-(14) corresponds to the neglection of
the interference terms in (16) and it is valid if the inequality (I5) takes place.

D(p,m,T) =
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For smaller slepton masses difference an account of the interference terms in (16)
is very important [18, 25]. The integral (16) is approximately equal to

pz — o

2 b - %

o ~ sin cos ey ) (18)
“(¢) (¢) ( o+ o) )

where a=mi —mi , b= I‘(m). An account of the interference effects

leads to the decrease of the cross section (14) by factors 1, 0.82, 0.52, 0.17 for
|m2 —mZI—ZI‘me, 1.5T;, T'ms, 0.5T'm; respectively.

Con51der now the possibility to discover lepton number violation in slepton
decays at LHC. The possibility to discover sleptons at LHC have been discussed
in refs.[26-28]). Here we shall use the results of ref.[28] where concrete estimates
have been made for CMS detector. To be concrete we consider two points of the
ref.[28].

Point A: m(l) = 314 GeV, m(lg) = 192 GeV, m(i) = 308 GeV, m(x3) = 181
GeV, m(x3) =358 GeV, m(g) = 1036 GeV, m(§) =905 GeV, tan(B) =2, sign(u) = —.

Point B: m(iy) =112 GeV, m(lg) =98 GeV, m(?) =93 GeV, m(%?) =39 GeV,
m(x9) =87 GeV, m(§) =254 GeV, m(§) =234 GeV, tan(8)=2 , sign(u)=- .

For point A the following cuts have been used: pl > 50 GeV, Isol < 0.1,
In| < 2.5, ERi** > 120 GeV, AG(ER,1l) > 150°, jet veto - no jets with E3** > 30
GeV in |p| < 4.5, Z-mass cut - Mz +5 GeV excluded, A¢(It1~) < 130°. With
such cuts for the total luminosity L, = 10°pb~! 91 events ete™ + utu~ resulting
from slepton decays have been found. The standard WS model background comes
from WW, tf , Wtb, WZ, 7r and gives 105 events. No SUSY background
have been found. The significance for the slepton discovery at point A is 6.5.
Using these results it is trivial to estimate the perspective for the discovery
of flavour violation in slepton decays. Consider the most optimistic case of
maximal slepton mixings and neglect the effects of destructive interference. For
the case of maximal selectron-smuon mixing the number of signal events coming
from slepton decays is N,g(ete™) = Ny (utp™) =N_,,~g(y*e¢)=23. The number
of background events is Npgck(ete™) = Nyger(ptp™) = Npger(eTpF) = 53.  The

significance S = 75 ackg‘i :f’:;':s,ep‘m‘ is 5.2 for all dilepton modes. For the case of

maximal smuon-selectron mixing we have the same number of ete™,utu~, e*u¥
signal events, whereas in the case of the mixing absence we don’t have e*u¥
events. For the case of the maximal stau-smuon mixing we expect 23 utpu-
signal events and 46 ete~ signal events and 2 ute¥ signal events whereas the
background is the same as for the case of maximal smuon-selectron mixing. The
significance is: 4.6(ete” mode), 2.6(u*u~ mode), 5.2(ete” + putu~ - mode). The
case of selectron-stau mixing is the similar to the case of smuon-stau mixing the
single difference consists in the replacement of e — u , u — e. For the case
of maximal selectron-smuon-stau mlxmg we expect 46 ete” + utu~ +e*u¥ signal
events and the significance is 2.8.

For the point B the cuts are similar to the point A, except phL > 20 GeV,
Emisr > 50 GeV, A¢(EpP™s,ll) > 160° For the total luminosity L, = 10%pb—?!
the number of ete™ + utu~ events resulting from direct slepton production has
been found to be 323. The number of background events have been estimated
equal to 989(standard model background) + 108(SUSY background)= 1092. The
significance is 8.6. Our analysis for the point B is similar to the corresponding
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analysis for the point A. For the case of maximal selectron-smuon mixing we have
found that the significance for all delepton modes is 6.4. For the case of the
maximal smuon-stau mixing the significance for ete™ + u*u~ mode is 6.6 . The
same significance is for the case of the maximal selectron-stau mixing. For the case
of maximal selectron-smuon-stau mixing the significance for ete™ + ptpu~ + e*u¥
mode is 3.0. For the total luminosity L, = 10°pb~! the significance is increased
by factor ~ 3.1. It is interesting to mention that at LHC the main mechanism
of slepton pair production is the Drell- Yan mechanism and as a consequence for
equal smuon and selectron masses the corresponding cross sections and the number
of ete™ and ptu~ signal events coincide. The corresponding cross sections depend
rather strongly on slepton masses. If smuon and selectron masses differ by 20
percent the corresponding cross sections and as a consequence the number of ete”
and ptyu~ signal events will differ by factor ~ 2 that as it has been demonstrated
on the example of points A and B is detectable at LHC. However the effect of 20
percent smuon and selectron mass difference will imitate the effect of selectron-stau
or smuon-stau mixings. So the situation could be rather complicated. At any
rate by the neasurement of the difference in putu~ and ete™ events it would be
possible to measure the difference of smuon and selectron masses with the accuracy
=~ 20 percent that is very important because in MSSM smuon and selectron masses
practically coincide for both righthanded and lefthanded sleptons.

Let us formulate the main result of this paper: in supersymmetric extension of
standard Weinberg- Salam model there could be soft supersymmetry breaking terms
responsible for flavor lepton number violation and slepton mixing. At LHC it would
be possible to discover flavor lepton number violation in slepton decays for sleptons
lighter than 300 GeV provided that the mixing among sleptons is closed to the
maximal one. For the case of nonequal smuon and selectron masses the number
of ete™ and utu~ events will be different that imitate the effect of stau-smuon
or stau-selectron mivings. At any rate the observation (or nonobservation) of the
(utp~ - ete”) difference allows to conclude that smuon and selectron masses
differ(coincide) at least with the accuracy 20 percent or to make conclusion about
the discovery of slepton mixing. Unfortunately it is rather difficult to distinguish
between these two possibilities. For the case of nonzero smuon-selectron mixing the
number of ptu~ and ete” events is predicted to be the same and moreover for
the case of maximal smuon-selectron mixing the number of ute~ and p~et events
coincide with the number of u*tp~ and ete~ events. Of course, it is clear that
at NLC or pgtpu~ collider the perspectives for the flavor lepton number violation
discovery are the most promising but unfortunately now it is too far from reality.

1 thank CERN TH Department for the hospitality during my stay at CERN
where this paper has been finished. I am indebted to the collaborators of the
INR theoretical department for discussions and critical comments. I am indebted
to L. Rurua for very useful discussions.
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