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Signals of supersymmetric lepton flavor violation at the CERN LHC
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In a generic supersymmetric extension of the standard model, there will be lepton flavor violation at a
neutral gaugino vertex due to misalignment between the lepton Yukawa couplings and the slepton soft masses.
Sleptons produced at the CERN LHC through the cascade decays of squarks and gluinos can give a sizable
number of events with 4 leptons. This channel could give a clean signature of supersymmetric lepton flavor
violation under conditions which are identified.

PACS numbs(s): 12.60.Jv, 13.35.Bv, 14.80.Ly

[. INTRODUCTION can give rise to events with 4 leptons, with the dramatic
flavor violating signal identified by a @+ «) or (3u+e€)

In the supersymmetric standard mo¢®M), the quadrati- lepton signature, hard jets, rojets, and of course missing
cally divergent corrections to the Higgs bosgnassf can-  energy. This is discussed in Sec. Ill B. Conditions on the
cel due to supersymmetSUSY). The remaining correc- supersymmetric spectrum that are favorable for the suppres-
tions are logarithmically divergent, proportional to the SUSY sion of the dominant supersymmetric background, occuring
breaking masses of the sparticl@he superpartners of the from heavierneutralino or chargino and top squark decays,
SM particleg and result in a negative Higgs bostmassf  are identified. Ideas for determining the remaining dominant
due to the large top quark Yukawa coupling. Thus, the susupersymmetric background occuring frandecays are also
perpartners of the SM particles must have massés TeV ~ presented. These are all conveniently summarized in the
in order for SUSY to solve the gauge hierarchy problem andConclusion.
lead to natural electroweak symmetry breaking. In Sec. Il B 1, a brief estimate of the expected 4-lepton

With the sparticle masses at the weak scale, these nesignal at a generic point in SUSY parameter space is given.
particles(especially gluinos and squaiksill be produced in  Next, in Sec. Ill B 2, a particular LHC poiri8,9] is consid-
significant amounts at the CERN Large Hadron Colliderered. It is found that at this point, as5discovery (2r ex-
LHC. After the initial discovery of the sparticles, the focus clusion is obtained for a right-handed@H) first and second
will be on precision measurements of their masses and mixgeneration mixing angle sifik>0.13 (sindz>0.08) with an
ings just as, for example, the next step after the discovery ahtegrated luminosity of 100 fbt at low luminosity The
the heavy quarks was the measurement of their detailediscovery potential at high luminosity is still optimistic
properties. In this paper, a relatively clean signal at the LHGhough less quantitative, due to uncertainties-ijet detec-
for detecting the mixing angle between the scalar partners dfon efficiencies and largeb-jet mistagging rates. In any

the charged leptonghe sleptonkis presented. ~ case, the values for the mass splittibbgtweere and ) that
of real sleptons, followed by their oscillation into a different _, e, pound even for a maximal mixing angle. Thus the

flavored slepton, and subsequent decay to a lepton. SOm&{C has the opportunity of probing mixing angles that are
formulas for these oscillations are given in Sec. | A. 4@  peyond the reach of the currept—ey limit.

linear collider, the production of slepton pairs can then give
ew events with missing energy. This was studied 172].
Dilepton flavorand CPviolating signals at the LHC and the
Next Linear ColliderlNLC) were studied if3]. At a hadron To begin, consider the lepton-slepton-neutral gaugino ver-
collider (the LHO), sleptons can be pair-produced by the tex with the leptons and sleptons in the gauge basis:
Drell-Yan process giving the same signal. This was studied
in [4,5], and is a promising signal for large flavor mixing
angles and when the SUSY background is known to be _ ) )
small. Real sleptons can also be produced at the LHC in th&herea=1,2,3 is a flavor index. Next perform a unitary
decays of the next-to-lightest neutralinqgﬁ, which are  transformationy, on bothl and Iy to go to the mass eigen-
mainly produced in the cascade decays of gluinos andtate basis for th&s:

squarks. In Sec. Il A, flavor violating dilepton events from

A. Lepton flavor violation due to slepton mass mixing

|;gauge]gauge 0, (1)

Xg decays are briefly considered. The productioo(g)pairs T’;I wX°. 2
In this basis the coupling remains diagonal in flavor space
*Email address: agashe@oregon.uoregon.edu (now denoted byw). In general, however, the slepton and
"Email address: migraesser@Ibl.gov lepton mass matrices amdt related so that the same unitary
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matrix, V, may not diagonalize therhoth In this general effect can be neglected so that 1. In this case the oscilla-

case, the sleptofmass§ matrix in the basid ,, is not diag- ~ tion probability can be large. Typicallyl~ aeym~0.0Im
onal. For example, even if the sleptémass§ matrix in the ~ SO thatx~1 if (Am)/m=0.01. This is close to the upper

-~ - L bound from thew— ey limit, so there could be a suppression
gauge
gauge basis, of Eq. (1) is diagonal but not1, it will due to eithex or sin#[2,3]. It is possible, however, that for

have off-diagonal elements in the basjsof Eq. (2). So, a  a specific SUSY spectrum the decay width could be much
further unitary transformatiorlyV, is needed to rotate to the smaller than this naive estimate, allowing for a larger range
slepton mass basis. In this basis the slepton-lepton-gaugingt Am/m consistent with the rare decay linfiéven for large

vertex is mixing angle$ and x~1 so that the oscillation signal is not
3 suppressed.
F1 Wi o x°. 3 Similarly, a neutralino can decay in®"u~ or e u”*

through an intermediate slepton:

So, in the mass basis for leptoard sleptons [, andTi) a
mixing matrix W+1 in general appears at the neutral XO—TH17, TSt 8. (6)
gaugino-lepton-slepton vertex. This means that there is a

coupling between, for example,(in the mass basisu and  Using Eq.(5) the rate for a flavor violating decay is
x°—this will be referred to as SUSY lepton flavor violation.

The foc_us o_f this paper is the detection of this SUSY leptong R()(gﬂ 9+M_X(1))= 2 sirf 0 cofOxBR
flavor violation at the LHC.

. The theoretical expectation's fw_arg varied. In models X(x3—e et ntu). (7)
with broken flavor symmetries, it is expected thef
~Viwm - In such cases a Cabibbo-like mixing angle for the
first two generations and&am/m close to theu— ey bound ~ 0 ~+ ] i )
is expected[6]. In contrast, in models of gauge-mediated —€ € ) +BR(xz—u"x~). This notation will be used
supersymmetry breaking the dominant contribution to thehroughout the paper. Also, the BR on the right side of Eq.
soft masses is universal and it naively appears that there is @) is in the absence of any mixing. In the case of interest
interesting flavor physics. There is, however, a subdominarftere of small mass splittingdm<m, the neutralino decay
flavor non-universal supergravity contribution. This likely rate into selectrons or smuons are equal in the absence of any
results inlarge mixing angleq 3]. The magnitude oAm/m ~ mixing. Next, in the absence of mixing,
depends on the supersymmetry breaking scale and while
clearly model-dependent, could easily bd’/m or larger, BR(xo—e"e xY)=2BR(yb—e'e"). (8)
which is needed to give an observable flavor-violating signal
at the LHC(this is discussed later in this sectjon

For simplicity, the case of 2 mixing with mixing angle
0 is discussed. In this case there are strong limits on th
mixing angle and the— z mass splitting from lepton flavor
changing processes. For examples» ey gives an important 0 ot~ 0\ 9 i 0 +|-
constraint. For degenerate left-handed sleptons, and with theB Rxz—€"u"x1) =2 sirf6 cosoxx BR(xz—~ 1" Xl)(’g)
lightest supersymmetric particlg-SP) (X(l)) approximately

b-ino-like (~B°), the constraint on sin@ and the mass split- where the BR on the right side of the above equation is in the
ting Am between the right-handed sleptons is approximatehabsence of mixing. Hereis eithere or . This result applies
for Xg decays to real sleptons, i.e., mec2)> my . For m,9

Here to simplify notatiorBR(x9—e e*, " " )=BR(x3

The factor of two occurs sincgs may decay t@’s of both
charges. This result and E(j) relates the flavor-violating
&nd flavor-conserving decays:

. [BR(n—ey) <nmy, there is an additional suppression @fri)/m in the
Sin 20g(Am)/m=0.01x 4.0x10 11" @ decay amplitude due to the supersymmetric analog of the
Glashow-lliopoulos-MaianiGIM) cancellation as in the case
[A more proper formula is given in Sec. Il B 2, E¢l1).] of u—evy, resulting in negligibleex signal. So an observ-

Suppose a real selectron is produced in the basis of E@bleeu signal requires the production of real sleptdns.
(2) (say in association with an electiorSincee(a=1) is
not a mass eigenstate, there is a probability that as it propay; s EPTON PRODUCTION BY DRELL-YAN PROCESS

gates it will convert to au(«=2) and hence decay intoa . .
[2.3] One way to produce sleptons at a hadron collider is

through the Drell-Yan process:
P(e,—1—uxd)=2 sirfd cosox, (5)

wherex=(Am)#/[(Am)?+T?] is the quantum interference  %in fact, this occurs at the LHC point discussed in Sec. Il B 2.

factor and assumin@R(I —1x9)=1. Herel is the decay 2Alignment models withAm~m are not considered here since
width of the slepton. Note that fakm=T" the interference sin#~0O(10 ?).
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.2 There are some objections to the generality of this result,
pp (or H)HT*T_>|+|—X(1’X2_ (100  though. A more general spectrum could result in a larger

chargino or stau background. For example, there is no reason

Thus the production of sleptons is identified by events withto expect the chargino production cross section to be related
no jets, 2 hard isolated leptons apg, assuming thaxy is  to the slepton production cross section. However, as men-
stable or decays outside the detector. These events will Hé&ned above, the kinematics of slepton production and decay
referred to as “flavor conserving” dilepton events. are different enough from that of the chargino background
There is a SM background to the signal fraktif W~ and  that an appropriate set of kinematic cuts could distinguish the

tt production. These backgrounds are known, in principle. Ifwo, at least for supergravity motivated parameter choices
[7] a set of kinematic cuts on the leptons, as well as a jewith comparable squark and gluino mas$&s Next, the
veto, are found which sufficiently reduce these backgroundsstau background is sensitive to the stau mass, which is likely
These cuts reduce the signal as well—of course, the redute differ from the selectron and smuon masd&he stau
tion is much more for the background. background has softer leptons, so a cut on pheof the

There is also a SUSY background fromp— x"x~ leptons may help distinguish this background from the sig-
—W*"W~x9x9. This background depends on the model-nal. The success of this may require large statistics and
dependenty” xy~ production cross section. But, for super- knowledge of the stau production cross section. Thus, in gen-
gravity motivated parameter choices withg~ny, this eral, the SUSY background is unknown and may not be
background can be sufficiently reduced by using the samemall.
cuts used to remove the SM backgroyd. For example, Next, detection of flavor violation for smaller mixing
from the analysis of7] (see Table Ill of 7]) with 10 (fb)™*  angles is discussed. Since the signak &2, it is signifi-
and for a slepton mass 100 GeV there are-20 signal  cantly smaller for say Cabibbo-like mixing angles. In this
events with no background events remaining after the cutscase, it is crucial to know the SUSY background more pre-

Actually, a clever methogb] for detecting the sleptons is cisely since it is comparable to the sigrfassuming similar
to form the asymmetryAr=N(e"e +u"n")—N(e"n~  cross sections for sleptons and chargjindghile the quantity
+e~u"). The background does not contributeAg, so a  A-(>0 for non-maximal mixingis, up to statistical fluctua-
non-zero value would provide evidence for slepton productions, background-free as far as sleptdetectionis con-
tion. cerned, it is not useful for providing evidence for slepton

In the lepton flavor mixing case the pair production of flavor violationsince the chargino background would need to
sleptons will produceeu events withpr—these events will be determined first. This is because the deviations in the
be referred to as “flavor violating” dilepton events. The values ofAr andN(eu) from the SM for a non-zero mixing
background to this signal is from the same sources as for thengle could be reproduced, in the case of zero mixing angle,
flavor conserving dilepton signalith the same rajeas well  with a lower slepton production cross section and a higher
as from77* production followed by leptonic decays 8. chargino production cross section.

The detection of SUSY lepton flavor violation using the  Even if the SUSY background can be reduced sufficiently
above flavor violating dilepton events for the CMS detectorby an appropriate set of cuts, since the signal is suppressed
at the LHC was studied in Ref,5] for the case of maximal by the small mixing angléthere will also be a reduction of
mixing (6= m/4). With the mixing angle being maximal, the the signal due to these cut&t may not be possible to probe
flavor violating dilepton signal rate is high; see Ef) (as- Cabibbo-like mixing angles. For example, in the case of no
sumingx~1). In fact, the number of flavor conserving and mixing, Table 4 of Ref[5] gives 195 dilepton signal events
flavor violating events from slepton production in this casefor the set of cuts labeled 1 with=10 fb~* and a slepton
are the same and each is equal to one half the signal in th®ass of 100 GeV. The number of signal events in the case of
zero mixing case so that-~0 (unlike the case of zero or mixing for L=100 fb™* is then 195( 2x sirfgcos’d (as-
non-maximal mixing. In the case where the production crosssumingx~1). The SM background frordv W production is
sections for staus and the lightest charginos are comparab®20 for the same set of cuts. Thus a Signal (requiring
to that of the sleptons, the production rate for the SUSYS/\B>5) is possible only for si#=0.4. Since this signal
background teu events is~4% of the total flavor conserv- was obtained for a 24 GeV LSP, only larger angles will be
ing signal (in the absence of mixing Thus, the chargino probed for larger LSP masstsince the leptons will be softer
and stau backgrounds are much smaller. The high signal arid that casg For sleptons heavier than 100 GeV the pros-
low SUSY background ratécompared to the signaffor  pects for detecting small mixing angles are clearly worse.

maximal mixing enables detection of arSlavor violating Thus, in the situation where the SUSY background is
signal for sleptons masses up to 250 GeV and LSP mass&sownto be small, e.g. if an appropriate set of cuts for a
m, o< O.4rrreR with an integrated luminosity of 100 4. more general spectrum can separate the chargino background

from the signal, then the flavor violating dilepton events

Here, it is assumed tha@R(x"—W"x3)~100% so that the
leptonic BRs ofy* are the same as fa. If the left-handed slep- “The rare decays—ey, 7—uy and u—ey allow for O(1)
tons are lighter thary™, then the leptonic BRs of* may be  splitting between the third and first two generation scalars for
enhanced substantially, in turn increasing the SUSY background. Cabibbo-Kobayashi-Maskawé€KM-)like mixing angles.
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from Drell-Yan production of sleptons is a promising signalin the case of 2 leptons frog™ and y . Such kinematic

for the detection of flavor violation in the caselafge mix-

cuts on the invariant mass of the dileptons and the angle

ing angles. Otherwise, it is important to look for other dis- between them easily reduce the number of background

covery channels for slepton flavor violation.

Ill. SLEPTON PRODUCTION IN CASCADE DECAYS

events sufficiently if we are interested in detecting flavor
conservingdileptons fromy3 decays.

But, in the case of the flavariolating dilepton eventgas
in Sec. I, since the signal is suppressed by the mixing angle

The other way to produce sleptons is through the casc_ad@vh”e the background is the sajnéhe number of back-
decays of gluinos and squarks. At the LHC, the productionyoyng events that survivelative to the signalafter cuts
cross sections of squarks and gluinos are much larger thgjpends crucially on the model-dependent cross sections for

the Drell-Yan production of sleptons, neutralinos, and

charginos. So, a larger production of sleptdifsthey are

light) is expected in the cascade decays than from direct
Drell-Yan production. In a generic SUSY event, the produc-

tion of two real(or virtual from gluino decaysquarks will

producing x"x~ vs. x5. So in general it is difficult to be
sure that the cuts have reduced the background sufficiently.
In the circumstance thagt™ y~ are dominantly produced

from gg cascade decays, the" y~ flavor violating back-

be followed by their cascade decays ultimately to the LSFround can be estimated as follows. An equal number of

through intermediate electroweak sparticlgsleptons,
charginos, neutralings Assuming for simplicity that the

spectrum is gaugino-like, i.exa~Wj;, x1~W" and xJ
~B, the following squark decays are obtained:

BR(Or—ax))~1,

~ o 1
BR(AL—ax2)~ 3.

BR(awq’xI'*)%; (11)
Thus, a typical SUSY event is
PP—99,99—0q
— XewXewT X, (12

with xew, xgw One OfX(l),Zv X1

A. Dilepton events

If one of the squarks decays xg followed by the decay
of x5 to a slepton[if BR(x3—11) is significani a large

like-sign and unlike-sign chargino pairs are expected since
is a Majorana particle. The like-sign chargino pairs produce
like-sign dileptons so that the opposite-sign chargeo
background can be estimated from the number of like-sign
ee and uu events. Unfortunately, in the more general case
the y* x* and y* y~ production cross sections are not re-
lated since the chargino pairs do not always come from

gluino pair decays. For examplqnpﬂal_a"_c can lead to
x x . butnot toy* x™.

It might be possible to estimate the x~ background by
analysing thebservedsignal + backgroung distribution of
the invariant mass of the flavor violating dileptorid]. As
mentioned earlier, the dilepton invariant mass distribution
for x3 decay has a sharp edge unlike the case of the back-
ground. The position of this edgelenoted byM,;) can be
easily found by looking at the distribution of the invariant
mass of flavorconservingdileptons(where they* ¥~ back-
ground is very small[8,9]. The existence of an edge in the
(observegl oppositeflavor dilepton distributiorat M;; would
then be indication of flavor violation. However, since the
flavor violating dilepton signal is suppressed (synal) mix-
ing relative to the flavor conserving dilepton sigahereas

SFor example, the ratio of the number of events withy ™ to

number ofex events in the presence of lepton flavor mixing those with(at least 1x5 is larger fors-channelqg* production than
[see Eqgs(6) and(9)] is obtained. These events also have atfor gluino pair production which is seen as follows. For ffecase,

least 2 highpt jets and largep .

There is no background fronV* W~ production since
this background contains no hard jééssuming jet detection
is good. There is a background frott production followed
by leptonic decays of thé/'s from the top quarks. This can
be reduced by rejecting events whljets or using a highb
cut.

the probability of getting 8, is 1/4 compared to a probability of
3/4 for getting at least ong, whereas fos-channeljg* production
the probabilities are the sam8amesign chargino events are also
obtained fromgg production whereas-channelqq* production
can give only opposite-sign chargino pairs. Thus, if $hehannel
qg* production is larger, the number gf y~ events relative to5
events increases.

There is a SUSY background from the decays of both éthere is also a SUSY background frogfl decays torr followed

squarks to charginos, followed by chargino decaysuo,

by leptonic decays of the's. A cut on the dilepton invariant mass

W~ or~|, ~|*_ This background is distinguishable from the can reduce this: the leptons from thelecays are softer than those
signal though. The invariant mass distribution of the 2 lep-from thee/u/x3 decays and so have a smaller invariant mass. But,

tons from the)(g decay has a sharp ed@ehich is a function
of the neutralino and slepton maspsg$ 9] unlike the case of

since, in generaBR(x5— 77) is notrelated toBR(x3— ee), as for
the chargino background, we cannot be sure thattheackground

the 2 leptons fromy™ x~ decays. Also, the angle between has been sufficiently reducéby the cuts since this background is

the 2 leptons from the decay sz) is likely to be smaller than

unknown.
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the y* x~ background is the same for both kinds of dilep- x "y~ pairs (which passes the same duis difficult to esti-

tons, the edge aMM, in the opposite flavor dilepton case mate, in general, and may be too large. The possibility of

might not be as sharp as for the same flavor dilepton case-using theobservedpposite-flavor dilepton massstribution

this depends on the model-dependent cross sections for prgh the case of cascade decpisestimate the chargino back-

ducing x " x~ vs. xJ. ground is interesting, though, and warrants further study
Next, in the distribution of the invariant mass of the flavor [10}

violating dileptons, the events beyomd;, (this value can be

obtained from the same flavor dilepton distribution if the B. Events with 4 leptons

edge is not so sharp in thf opposite-flavor dilepton distribu- o gramatic flavor violating signal is obtained through the
ltlot_n) are mostly from thf?(t)é _ tt{aC':grOl;nC[tlol- E_xtt;apﬁ- pair production oftwo x3s, followed by the decays dfoth
iéﬁ%éafrzl:nmt'ﬂg 32{;}” ?his Irseniounlotﬂ fr ,hg ai: K rgtcm-d ng to slepton and _Iepton pairs. Su_ch an event contains 4
9 gion, the x 9 leptons and occurs if both squarks in a SUSY event decay

in the region with invariant mass less th&h, can be esti- . 0 0 1t 0
- : into y5. If one of the y5s has a flavor violating decayw
mated. An excess @ events(with invariant mass between = - X2 X2 9 %2

zero andM,;) over this estimate will be a signal for flavor —!l—e€gu, then events containinged ., or 3ule will be
violation” This extrapolation may not be reliable for invari- Produced. A typical decay chain is then

ant masses much smaller thih, since the distribution of ~~, 5 0\

the y ™ x~ background in this region is not known. A detailed ALd—x20+x24

simulation is required to know this distributidit is known
only that it does not have an edge Mt,). Near M, the
extrapolation should be more reliable and that is the region
where the signal is peakddince the flavor violating dilep- _
tons from 3 decay also have a sharp edgeMat). An ex- xo—1'1"—ute x5. (13

cess in this regiofrather than the whole region between zero

mass andvl;;) might thus be a better signal for flavor viola- These events are identified by 4 isolated leptomih the

tion [10l—as mentioned earlier, theNdlstr|but|on will have a 341 flavor structurg at least 2 highp; jets, pr, and con-
edge(or a “step”) at M, . Also, the 7 background in the centrating on only those events produced from the decays of
region nearM, is negligible since the leptons from these first two generation squarks, rmojets. These events will be
decays are softerl0]. However, statistics are larger if the referred to as “flavor violating” 4 lepton events. The ab-

Xg—’l I—>e+e‘X(1)

region from zero mass tbl,, is used. sence ob jets is important in distinguishing the signal from
The chargino background can also be eliminated in conether SUSY and SM backgroundsee below.
sidering a flavor violatingand CP violating dilepton signal The backgrounds to these events arise from both SM and

[3]. The presence of non-trivial phases in the slepton mixingSUSY sources.
matrix W breaksCP, and results in a non-vanishing asym-  The dominant SM background occurs framproduction

. + - At ; + .- B ) ] ) — ) ]
metry:N(e"u —e ") #0. In this case, thg" x~ back- i semileptonic decays of tHes (or tt y production with 2
ground is hot important since it 6P symmetriclassuming |a10ns fromy) and leptonic decays of tha/s. In this case,
thatBR(x —’W X.1)~100%]. however, the leptons frorh decays will not be isolatetbr

“To summarize, if thewumberof eu. events(that pass cer-  the invariant mass of 2 of the leptons will be zero in the case
tain cutg from either Drell-Yan or cascade production is of tt_y) Also, these events have B quarks and can be

used to detect flavor violation, the SUSY background fromrejected usindp-jet veto. Double gauge boson production can
give 4 lepton events, but none of these events have tie 3
; o - 0 flavor structure. Triple gauge boson productioW\(VZ or
_ 'The invariant mass of the leptons from the decays(from x2)  \ywy) can give events with 4 leptons and the correct flavor
is less thanM,, and so this background cannot be estimated th'sasymmetry, but some initial state gluon radiation is needed
way. S _ _ to give the 2 hard jets. The production cross section for such
A CP violating signal from chargino decays requires decay t0gyents is small. Also, events of this kind can also be rejected
either real or virtual left-hande@.H) sleptons (). TheCP viola-  since the invariant mass of 2 of the leptons will either be zero
tion is then provided by the phases in the LH slepton mass mixingyy m.
matrix. In the case thaBR(x " —W" x3)~100% [for example, if One important obstacle in identifying flavor-violating
mp>m, - ~m,o, butmj_<m,o so thaty can still decay tdright-  dilepton events was the potentially large background from
handedl sleptor], there is a smalBR (few percenk for a flavor- ¥y~ production. In the 4 lepton signal, however, there is
conserving decay of; to leptons(for example,x; —e*vex?)  no x*x~ background from the squark decays since this
through a virtual left-handed slepton. 8P violating decay re- gives only 2 leptons.
quires flavor violation(i.e., y; —e* V#XE); this however, will be
suppressed due to a Glashow-Iliopoulos-Mai@iiM) cancellation
and a small mixing angle. So for this spectrum @@ violating
decays of chargino pairs are quite small; for a more general SUSY ~~, o~ N
spectrum this may not be the case though. L —W agctx:q

The weak decay—W(/, if kinematically allowed, can
lead to a possible background. For example, the process
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sleptons are suppressed by the lepton Yukawa couplings and

W —e v . oo - ;
small gaugino or Higgsino mass mixing angles. So this back-
~ own - ground is negligible.
Qi—x20 —p ' +--- However, top squarkgand bottom squarks for large
tanB) will have significant decay branching fractions into
XI—>/_L+V)(2 (14 heavier neutralinos or chargino even if they are purely

Higgsinos since the third generation Yukawa coupliteysd

is a potential background. For the first two generationhence couplings of the squarks to Higgsineee large. Fur-
squarks, however, the deciy—>W~q’ is kinematically for- ther, as mentioned earliélys may be produced in the direct
bidden. This is because the mass splitting in an electrowea€cay of top squarks or bottom squarks. Also, tprks
doublet occurs from the electroweBkterms and is less than 10M top squark or bottom squark decays prodés Both
m\%//”E<mw- This process is allowed for the top and bot- of these processes give additional _|solated leptons. This leads
tom squarks, but such an event containg fts and this to a potential background even if top _squarks or bot_tom
background can be reduced wittbget veto. squarks decay only to t.he lighter cha_rglpo and ngutrallnos.

There is a SUSY background to the flavor violating 4For example, the following decay chain is a possible back-

lepton events from production of heavier neutralinos orground.

chargino in the cascade decays of squarks. For example, ~—~ _

= = 0.0
qLad— xsx2t -, t-W'b—etb+---,
0 + . - _ - 0 _
Xz—W x —eut---, x =Wxi—p +---,
0 +4—.0
T —e’e . 16
X3—ll—eeor wu)xs. (15 X2 X1 (16

_ _ _ o These backgrounds to flavor violating 4 lepton events can be
This background is small in the so-called gaugino-like re-reduced by rejecting any 4 lepton event that contains at least
gion. In this region there is very little gaugino-Higgsino mix- gne 1 b jet. Note that the top or bottom squark background
ing. Then, the heavier chargino and the two heaviest neutraligs at least 2b quarks. The efficiency for rejecting this

nos are dominantly Higgsinos and the two lightesthackground is discussed in a later section where a specific
neutralinos and the lighter chargino are mainly gauginos; thigpectrum is considered.
turns out to be typical of the SUSY parameter space still - There is also an important SUSY background from decays

allowed by experimental data. Thus, the decays of the firsht 1aus and staus produced from the decays of pd@ That
two generation squarks into the heavier neutralinos ofg

chargino are highly suppressed by the first two generation '
Yukawa couplings, small gaugino-Higgsino mixing, and also
by phase space.

Another potentially large background can also occur from 0 = 0
the production of théneaviersleptons(say, the left-handed xz—ll—ee (or pu)x;. (17)

and/or sneutrino$Sleptons can decay gl andv to xi1 if  This background can be estimated or measured as follows. In
kinematically allowed. If the neutralino and chargino decaythe above decay chain, if onedecays hadronically instead

to leptons, then this decay chain can giv&dB 2) leptons.  of |eptonically, the result is &L7-jet events. If a lower
With 1 (or 2) leptons from another decay of this kindr  phound on ther-jet detection efficiency is known, an upper
some other decay chairthis can mimic the flavor violating pound on the number ofe? . events coming fronr decays
4-lepton signal. If the left-handed sleptons are paired projg gptained by using the number oéBr-jet events. An ex-

duced through the Drell-Yan mechanism, then these evenigss of 21, events over this background is a signature of
do not contain any hard jets and may be rejected. Thus, th@pton flavor violation.

only source for a background from heavier sleptons is their
production in the decays of gluinos and squarks. Such a d
cay does not occur directly, but only through the decays o

X5—Tr—euxit -,

Lastly, the followingxg decay chains can also give flavor
/iolating dileptons:

gluinos and squarks to tHeeavierneutralino and chargino. xo—h (on Zx°
The heavierneutralinos and chargino can then decay to the
left-handed sleptons. As argued in the previous paragraph h (or) Z—rr—eu. (18

though, in the gaugino-like region, the heavier neutralinos or

chargino are dominantly Higgsinos so that their decays to thgnh combination with anothejs(g decay toee or uu, these
decay chains can give flavor violating 4-lepton events. In the
gaugino region, the decaggg—zx‘f is suppressed since there

®Here, it is assumed that the right-handed slepton is lighter thafs No vertex withZ and 2 neutral gauginos. In any case, an
X3 whereas the left-handed slepton is heavier. effective BRXgH 77) can be defined to include these two
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TABLE I. Mass spectrum in GeV at LHC poii8,9]. Herea TABLE II. The production cross sections in fb for different
=0,4d,¢,5 andl =8, &, 7. NSU~SY particles at the LHC poiri8,9]. Here all flavorsgqy=u, d,
c, sandH=L, R are summed over.
g 770 a. 685 Ur 660 h 100
1, 500 §, 715 B, 635 [, 660 99 1750 gggg* 8300 qgr 2380
T, 240  J. 160 xr 230 x; 500  dq' 2820 bb* 300 e 700
X5 120y 230 xS 480 X% 505

typically, a large number of 4 lepton flavor violating events

o o 0 ~ ] is expected from the cascade decays of squ&rks.
decay chains in addition to thg,— 77 decay. It will be

shown in Sec. Il B 2 that thi§in general unknownBR does 2. Detailed estimates at point 5 (point)Aof LHC studies
not affect the estimate of the@ffective r background ob-

tained by using the &17-jet events. One point of the LHC supersymmetry studi&s9] con-

tains a spectrum that is favorable for the detection of a
. . flavor-violating 4 lepton signal. The minimal supergravity
1. A quick estimate of number of 4 lepton events input parameters for this point are:

A typical value for the total SUSY production cross sec-

tion (gluinos and squarksat the LHC is me=100 GeV, M,=300 GeV, A;=300 GeV,
o tanf=2.1, sgiu)=+, mM,=170 GeV. (24
Tsusy~10——~100 pb (19) o _ _
S Renormalization group evolution of these input parameters

to the weak scale results in a mass spectrum which is given

with 3~1 TeV, as~0.1 and summed over colors and N Table I. Note thatm,0~230 Ge\>nmj ~160 GeV so
generatlonithe factor of 10. Assuming that the probability that the decay of(Z into real sleptons is allowed
to get aq, is 1/2 andB R(CILHX2Q)—1/3, this gives The production cross section for SUSY particles is pre-
sented in Table II, and is dominated kg production. In
total ogysy=16 pb. To estimate the number of signal and
1\2/1\2 background events, the branching fractions of the sparticles
oy Usus»(i) (g) ~3 pb (200 are needed. These are given in Table Ill. Note that at this
point BR(Xg%Iili)"’O.lz and is reduced due to the large
branching fractiorB R( Xgﬂ h X(l))- This gives from decays of
If BR(X2—>X1|+| )~0.16 (for each ofl=e, u) and for~ first two generation squarks the numbergg pairs pro-
one year of running at low luminosity which gives an inte- duced
grated luminosity ol.~10 (fb)™%, the expected number of

events is N(x3x3)=(0.32?
0.0 ~ , 1 1 1
N(x2x2)~ 30000, x| 055X (0.3 + 505703+ Zogg + 5054 |L
N(4l where |=e,u)=(2X0.16?N(x5x3)~ 3300, ~3400. (25

[The factors of 1/2 and 1/4 are easy to understand: 1/2 of all
(21) qqg* produced from s-channel gluon and 4-point contact

interaction* and 1/4 of allqq’s producedfrom t-channel
for sin#~0.2 andx~1. To be clear, gluino exchangeare left-handed pairkThis is for one year

N(3l+1")=4 sirf§ cos 6xN(4l)~550,

Srv=NEIHI)=(N(e"u p pn )+ (+ =)+ (e,
(22 1%Both x9s decaying to flavor violating dileptons gives
(etu )(etu™) and @ ") (ute”) events. The latter cannot be
and distinguished from the events where opfedecays tee* e~ and the
other tou* 1. The former events can also be used as a signal of
N(4l)=N(ete ete )+ N(ete utu) flavor violation, but the number of these events is expected to be
very small since they require bo}@s to decay into flavor violating
+N(u w1 T)+ Sey (23)  dileptons. For simplicity these events were not included in(Eg).
it is assumed that all of thgq* production is by this channel.
In the next section this definition fax(41) is trivially ex-  This is reasonable since most of the hard collisions at LHC energies
tended to include leptons produced by the decaysofThus, are likely to be gluon-gluon.
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TABLE Ill. Branching fractions(in percent for sparticles at
LHC point[9]. Hereq=u, d, ¢, S, and1 =&, &, 7
g—ao, 30 g—qge 30 g1t 14
g—b.b 15 g—bgb 10 T,—-Zet, 26
X0t 21 T,—xzb 18 T(t)—x b 15(63)
Tt)—xt 81D T—x3t 6 T(Ty—xit 620
qL—0qx3 32 q—axi %4 gi—axd 15
qL—ax; 15 qL—ax5 1 r—0x? 99
Xo— Tl 36 xp—hxl 63 T py0 100
TL—>X29 90 x;—W'9 98 h— 77 5

of running at low luminosity (=10 fb %) and for one de-

tector. Hereafter estimates of event numbers will use this
integrated luminosity. A realistic detection efficiency of 90%

for single e, u, and 90% for the single-prong decay

PHYSICAL REVIEW D61 075008

N(41)=N(x3x3) X (BR(x3—ee pu,en))*(0.9*X ecyr
=3400% (0.24+ R, %X (0.392)?X (0.9*X ecyt

~ 149X EcuT: (29)

To get F1u+3ule events, one)(g has to decay into
e€ uu and the other toew. Thus, the number of &l u
+3ule events from flavor-mixing for sif=0.2 andx~1

(it is shown later that these values are consistent with the
pu—ey limit) is

Sev=N(x2x2) X BR(x5—eex?, uux3) X (0.9 X ecyt
X 2% 0.24X 2 sirf 6 cos 6x

~ 20X EcuT- (30)

There is an extra factor of 2 since eithgg can decay to

—mv(BR~0.11) will be used. These are needed to deterflayor violating dileptons. Next, the number ofeBu

mine the number of 4-lepton and 3-lepternr—jet events that
are detected. Later, a comment on a more realisfit de-
tection will be made.

Next the 4—lepton signal and background are estimated.

Due to the decay chain
xo—hx?
h—7r (26)

the effective BRx9— r7x9)=R, is

R,=BR(x5— 7r7) + BR(xo—hx9) X BR(h— r7)=0.15.
(27)

Using the above BR anBR(x3— 1gl)=0.12 for each of
=e, p andBR(7—ev)~BR(7— uv)~1/2X0.35,
BR(xo—eex?, uuxd)=2x0.12x (1—2 sirf6 cos 6x)

1

+RT><(O.35)2><§,
BR(x9—eux))=2%0.12x 2 sirf 6 cog ox+ R,
1
><(o.35)2><§, (28)

where the first terms in each equation are from decays of
andz and the second terms are frordecays.

+3ule events from leptonic decays @ produced from(g
is

Brv=N(x3x3) X 2X | R,x(0.35%x 5

XBR(x3—eex? mux3) X (0.9*X ey xXzcyr

%QXSCUT. (31)
Here, g4, is the acceptance for 4 leptons with 2 of them
coming from the decay chai)age 77 relative to that for all

4 leptons coming fromy5—ee or uu. Since the leptons
from the 7 decay are softer, it is expected that,<1. To
get the number in the last line abowe, ~1 has been as-
sumed.

Finally, the above 2 numbers are from the leptonic decays
of 2 ng from the decays of first two generation squarks only.
As mentioned before, top squark or bottom squark decays to
W, Xg etc. can give a background to the flavor violating
4-lepton signa[see Eq(16)]. To reject these events,kgjet
veto is used. This implies that events with 4 leptons coming
from 2 Xg decays with(at least onexg coming from a top
squark or bottom squark decay will also be rejected; this is
the reason for not including thxg pairs from top squark or
bottom squark decays in the numbers above.

Measuring the background fromg—> 77 decays is dis-
cussed next.

As mentioned earlier, the idea is to measure the number
of (3er—jet)+(2elur—jet)+ - - - events where jet refers

Then, the total number of 4-lepton events expected fromg the hadronic decay af. At this LHC point the number of

X2 pair decaygincluding detection efficiencies, but param-
etrizing the acceptance cut ag,—see latel?) is

2Detection efficiency refers to the probability that the lepton
7-jet in a later casewill be detectedgiventhat it passes the accep-
tance cuts.

these eventsincluding detection efficiencigss

Bstrictly speaking, the factar,, should be included in determin-
ing N(4l) and Sy as well. But since the number of events in these
samples fromr decays is very small, it is a good approximation to
assumes 4 ~1 in those numbers.
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N(3Il+ r—jet)zN(Xg)(g)XZX(RTXZXO.%XsT) All the events in the above two equations have in addition
o o o o high pt jets andp; to make sure that these are from cascade
XecytBR(x2—eexi, upxi emnxy) decays of squarks. From these two measurements and the
assumption thaBBRs=1 the above-mentioned branchin
X (0.93X g5 . (32) P g

ratios can be obtained. This could provide complementary
information to the flavor violating signal discussed here.

, R . Returning to the main subject of this section, an observa-
includesBR(7—hadron)and the efficiency for detecting a tjon of an excess of the “flavor violating” 4-leptons events
hadronic.decay qfr. The variables g is the accep'_[ance for over those fromr decay[Eq. (31)] would be a strong evi-
(3+17—jet) relativeto that for 4 leptons all of which come  gence for lepton flavor violation. But, before concluding that
from the decay chairyy—ee, uu. It is expected that 1 SUSY lepton flavor violation has been detected, the back-
=gz =8y since the lepton from the decay is softer than ground to the flavor violating 4 lepton events from top-
the 7 jet and since the decay productgboth lepton and j@t  squark or bottom squark productidsee Eq.(37) below]

are softer than the leptons from the decay ch;a@mée, must be removed, and also thget detection efficiency .

Z.w. From Eas. (31) and (32) and assuminaBR(x2 must be known. These two issues are discussed next.
'i'l;exo MLXO)(L B(R(z(°—>ee)((° I)MMXO enx?) thgfollg))\jvz- The 7 hadronic decays fronZ— 77 at the LHC were
ing relgtion isl obtainedz' o L=RALn simulated for the ATLAS detector if11].}* This study

shows that a detection efficieney for a hadronicr decay

A factor of 2 is due toeither  decaying to a jet. Heres,

0.35 (including the multi-prong decays, i.e., a totatlecay BR of
0.9X —— X gy 0.65 of ~40x0.65% with a rejection factor of 15 for non-
Bry~N(3l + 7—jet) X _ (33) T jets can be achi_e\{e_d. This is possib_le sincgets have_
Fv 2XeqXe, lower particle multiplicity, narrower profile and smaller in-

variant mass than the QCD jefd1]. A similar detection
Note thatR, cancelsin the ratio. Thus, using the (37  efficiency (or even better detection efficiency and rejection
—jet) detection together with an understanding of theée-  of non-r jets if the strategy is optimized for this cader
tection efficiency §,), as well as the acceptance for 4 lep- jets from sparticle decays could be expected.
tons (with 2 of them from r decay$ versus (3 leptons The important point about this though is that it suffices to
+ 7-jet) (g4 /e5), the number of (8lu+3ule) events know alower limit on the 7-jet detection efficiency to get an
from 7 decay[Eq. (31)] contained in the full 4-lepton sample upperlimit on the number of (81u)+(3xle) events from
can be obtained from the above relation. This is important, atgau decays using the €3—jet) eventqsee Eq(33)]. Simi-
it means that thq/gﬂ 77 background to the flavor-violating larly, sinces 4 =<e3 , anupperlimit on Bg, can be obtained
signal can be determined without knowing the relativeeven though these’'s may not be known precisely. Also, if
branching fraction Of)(g toh, 11, or 7r. the 7 jet detection(and QCD Jgt rejectionis good, there will
Assuming that the detection efficiency for the decay be I%rge number of events with 2 Ieptons_ gndré}ets from
—arv (which has a BR of 0.11is 0.9 so thate,~0.9 2 X2 decays. Thes_e can be used in addition to th(_a 3 I_epton
%0.11, and assumings ~1 gives 17-jet events to es~t|mate the background to flavor violating 4
lepton events fromr/ 7 decays.
N(3l+ r—jet)~11Xecyt- (34) To reduce the top squark and bottom squark backgrounds
a b-jet veto can be used. Before using this veto, the number
Independent of this, it is worth remarking that with of expected 81x+3ule events from decays df or b to
enough stastistics it might be possible to measBlR(Xg W, Xg, X1 etc.(in the absence of any flavor mixingan be
—hyx%), BR(x3—®e,u) and BR(x3—77) assumingthat ~ estimated using the production cross-sections and branching
these are the dominant decay modeg®fThe decay chain fractions from Tables Il and IIl. The result is, including lep-

Xo—hx0—bby? (where x2 is from cascade decays of ©O" detection efficiencies:

squarks as usuagjivesbb events with highpt jets andp . N(T or B)~50x s 37)
Comparing these to the number of dilepton events f cuT
decays gives Each of these events has at leastb2quarks. So with a
o b-detection efficiency of 60%and rejection factor of 200
N(bb) BR(x9—hx?) against norb jets at low luminosity[13]), the number of
N(2l) * BR()(g—;éex(l),ﬁ,uxg) : (39 3elu+ - - - events from top squark or bottom squark decays

after theb-jet veto goes down to 8. This can be further re-
duced by using &-tagging efficiency of 90% with a mistag

Similarly, the number of B+ 17-jet events compared to rate of 25%(i.e., rejection factor of 4 against ndnjets) at

4-lepton events is

N(3l+ 7—jet) R,

N(Z| o« T =0~ o.- (36 There is also a study of detectingets from heavy SUSY Higgs
(41) BR(x;—e€ex1,uuxy) boson decay for the CMS detec{d].
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low luminosity [9,13]; this will reduce the signal by a bit.
This strategy can be optimized depending on the luminosity N(t or b)y~2x——.
[13]. 10 fb !
Lastly, to get the actual number of events, the cuts used to . .
select these events must also be taken into account. The efnile these numbers may be a little small for one gftector
fect of these cuts on the signal and background rates is bupnd one year of running at low !umlnosn)t(:l_o fb. ),
ied in the fudge factog 1. For examplep;=10 GeV and there is cause for optlmlsm. Monetegratedlumln_osw L
|7|=2.5 is required to be able to deteetor . Also, to from >1 year of running and/or 2 detectors can significantly
reduce any remaining small SM background, i.e., to makéncrease the statistics. Further, a lar@®R(x3— 1) would
sure that thesare SUSY events, various cuts gy, pr of  give more statistics. This could occur at a point in the SUSY
jets, a variableM ¢ [8,9] related topr, py of jets, can be parameter space with a heavier Higgs boson, and thus a
imposed. Analysis of the events simulated 9 showed that lower BR(XthXg).
there were~40 events with 4 leptons with riojets that pass To illustrate the discovery or exlcusion significance of
all the cuts mentioned above compared to the estimate dhese results, an integrated luminosity loF100 fo ! is
~149 from cross sections and BRs, HG9): there is an considered. This could occur for 5 years of running at low
acceptance factor afcy1~1/4 from the various kinematic luminosity for two detector’ For this integrated luminosity
cuts. We have also checked that almost all of thes@u-  there are 22 4-lepton flavor violating events from the-
lated events have 2x3s as expectetf. There are very few hackground, and 30 3-leptanjet events. There will also be
events in this samplérom the simulationwith heavier neu- 125 4-lepton flavor violating eventsefore the b-jet veto

tralinos or chargino in agreement with the expectation fromyom the /b background. Next, thé-tagging efficiency is
the very small BRs of the first two generation squarks to

these sparticles at this point in the SUSY parameter si#ce optimized so that the/b bacliground idless than orequal
(see Table Ill. The number of eventdrom the simulation 0 the 1o statistical error in7/7 background while at the
with at least 1 b quark and 4 leptons is also in rough agree-Same time the reduction of the signal due to mistagging is
ment (up to the acceptance facjowith the number of 4 small. This is achieved with b-tagging efficiency of 80%,
lepton events with at least 1 top squark or bottom squarkather than the 60% of before. At this higher tagging effi-
expected from the cross section and branching fractiofi€ncy there is a mistag rate of 1 in 50, so there is very little
estimate<® reduction of the signal. With an 80%tagging efficiency, 5
Including an acceptance factor @fy1~1/4 for both t/b background events remain since each event has at least 2
background and signal, lajet detection efficiency of 60% b jets. Then the background is dominated by #e decays.
[which was not included in Eq37)] and detection efficiency A 5o (24) discovery (exclusion requires thatS/\B
of 90% for the decayr— mv, and a 66% 4-I.ept0.n detectiqn >5 (S/\B>2), and this requires-23 (>9) signal events.
efficiency (the 7 and lepton detection efficiencies were in- 5 g 55 discovery is obtained for
cluded in the previous estimates $f,, etc), a summary of

(39)

the expected number of eventsladv luminosityis JXsin 265>0.26 (50 discovery or sindg>0.13 for
L x~1. (39
10 fb If no signal is observed then ther2exclusion limit is
sirk20 L JXsin 2605>0.16 (20 exclusion or sinfz>0.08 for
SFVWSX O 15 XX 7
: 10 fb x~1. (40)
L To end this section, these values of ségZand Am/m
BFv*ZXW that may be probed by the LHC are compared to the con-

straints on these parameters obtained fgomey. The LHC
signal is proportional to sfi26gx, with x~1 if Am=TI" and
L x<1 if Am<T'. The decayu— ey places an upper limit on
N(3l+7—jet)~3X ———
10 fb?
10One year of running at high luminosity is also possible. In this
5The information about whether an event in the simulation ha: case howev.er., thi>jet mistag ra.lte increases 1o 1 In 6 for a
o~ o _ $-tagging efficiency of 80%13]. Since most of the signal events
x2S, 1S, x3S etc. is from the event generator. occur fromgg production and so contain at least three hard jets,
®we have also checked that these simulated evéotsave at  approximately 40% of the signal could be rejected. In this case the
least 1 top squark or bottom squark. There are very few events idiscovery(and exclusioh limits on sinfg increase by about 25%.
this sample withno top squarks or bottom squarks but whhets In addition, the tau-jet detection efficiency at high luminosity is not
from initial state gluon radiation. known since a low luminosity was used in the ATLAS study.
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sin 26,AnVm [Eq. (4)] so that there is competition between MeV [9], so thatl'/m~8x 10~* which is smaller tharnre,.
the two probes of flavor violation. Thus, in order for the So for Am/m=2I'/m~1.6x10 3, it follows that x~1.
signal at the LHC to be significant in the region of the From Eq. (45 and for maximal mixing (sin&=1),

(sin 265,Am/m) planebeyondthe reach of the.— ey limit,
there should be a range d&fm/m where Am=T" so thatx
~1 andAm/m is small enougltfor a given value of sin &)

so that u—evy is suppressed. It will be seen that for
Am/m~T'/m (so thatx~1), at this LHC point, singg is
unconstrained by the.— ey limit, affording the LHC the
opportunity to either detect a signal or extend the limit.

At this point x)~B°. A computation of the one-looB°
contribution gives

Am2 [ 100 Ge\mR
sin 20gr— 20F(ay ,ar,t)<0.013
mg MXo
1
BR(u—e
(1 7). 41
4.9x10° 1
Hereay=m3/M2%, (H=L,R), t=(A+ptans)/mg,
1
1/2 K
F(ap,ar,t)=H(agr)+tag"—(a,,ag), (42
&aR
with
g(x)—g(y) 1+ 2x logx—x?
KX,y)=——, X)=————, (43
(xy) vy 9(x) 2= 1) . (43
and
—x34+9x%+9x— 17— (6+18x)|ogx
H(x)= (44)

6(x—1)°

Two useful facts areH(1)=(d/dy)K(1,1)= —1/20; hence
the factor of 20 on the left side of E¢41). At this LHC
point, nij~160 GeV,ng~ 120 GeV, ande,L~ 240 GeV.

Am/m<<0.39x0.03/(1+0.48)~ 4>< 102 (for t~5). Thus
for 1.6x10 3°<Am/m=4x10 3 and sin@r=1, u—ey is
satisfied ank~ 1. So at this point even for maximal mixing
there is a large range &fm/m for whichx~1 andu—evyis
safe. Of course, smaller mixing could be probed by the LHC,
in which case the upper bound akm/m allowed by u

— ey is larger. In this case for a given spthere is a larger
range ofAm/m for which x~1 (so that there is no suppres-
sion of the LHC signaland u—evy is safe.

IV. CONCLUSIONS

We believe that it is possible to detect SUSY lepton flavor
violation at the LHC using events with 4 leptons from the
cascade decays of squarks provided the following conditions
are satisfied:

(0) Either R-parity is conserved og) (LSP) decays out-
side the detector,

(1) Xg pair production in cascade decays of squarks is

large and)(g has a large decay branching fractionltd (to
get enough statisti¢s

(2) Hadronic decays ofs can be detected with a known
efficiency so that the background from tJ@%—> 77 decay can
be estimated,

(3) Theb-jet detection efficiency is good so that the back-
ground from events with top squark or bottom squark can be
rejected,

(4) The top squark or bottom squark production rate, ei-
ther direct or in gluino decays, is ntdo muchlarger than
the production of first two generation squarks,

(5) The first two generation squarks decay Iargelwﬁo
X(1) and x; , so that the background to flavor violating 4
lepton events from decays of heavier neutralinos or chargino
to Ws, lighter charginoheaviersleptons etc. is small. This
condition can be realized in the so-called gaugino-like re-
gion,

(6) The mass splitting iam~1" or larger, so there is no

Inputting these masses into the above formula simplifies it tauppression of the signal due to the quantum interference

sin 260y
0.39

Amg

mR

BR(u—e
X (1+0.48)<0.03x | SR k—eY)
4.9x10 1
(45)

In the following, the 90% C.L. limitBR(u—ey)<4.9
x 10" is assumedl14]. At this pointt~5—10. However, a
larger variation int is allowed without affecting the flavor
violating signal, since botA and sgnf) do not qualitatively
affect the 4—lepton event rate.In any case, the values
sin 20~0.39 andAmg~1T" (so thatx~ 1) with a typical value

of I'~ ag M~ 102X My are consistent witk— ey — recall

that sin #~0.39 andx~1 was assumed to obtain the esti-

mate ofSgy in Eq. (30). In fact, at this LHC point”~ 125

8t is important to maintain the relatiom, 0> though.

effect.

The arguments presented here are clearly semi-
quantitative, and further study requiring a detailed simulation
of these processes is required. This is beyond the scope of
this work.
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