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Attempts at explaining the NuTeV observation of dimuon events
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The NuTeV Collaboration has observed an excess in their dimuon channel, possibly corresponding to a
long-lived neutral particle with only weak interactions and which decays to muon pairs. We show that this
cannot be explained by pair production of neutralinos in the target followed by their decay far downstream in
the detector via d LE R-parity violating operator, as suggested in the literature. In the parameter region
allowed by the CERNe" e~ collider LEP the event rate is far too small. We propose instead a new neutralino
production method vidB mesons, which can fully explain the observation. This is analogous to neutrino
production viar mesons. This model can be completely tested and thus also possibly excluded with NOMAD
data. If it is excluded, the NuTeV observation is most likely not due to physics beyond the standard model. Our
model can also be tested at the current and fuBifactories. This opens up a new way of testing for a
long-lived neutralino lightest supersymmetric particle at fixed-target experiments and thus the possibility of
closing the gap between collider and cosmological test®-phrity violation. We also discuss a possible
explanation in terms of a neutral heavy lepton mixing with the standard model neutrinos. The flavor structure
of the observation can be accounted for but the production rate is far too low.
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I. INTRODUCTION <(M\,\',\")<107° [2]. Fixed-target experiments with re-
mote detectors can probe significantly longer lifetimes than
In supersymmetry1] with brokenR parity [2,3] the mini-  collider experiments and are thus an ideal environment for
mal supersymmetric standard mod®ISSM) superpotential closing this gap in sensitivitj/14].
is extended by The NuTeV C%Ilaboration has searched for long-lived
-~ a b= , amb= " — =B neutral particles¥) with massMyo0=2.2 GeV and small
We, = Niji€apli LBt Nijic €l QD it Nij€apy Ui DD interaction rates with ordinary mattgt5—17. They look for
the decay of the neutral particles in a detector that is 1.4 km
downstream from the production point. They observe three
- — , mm events where they expect to see only a background of
Herel,Q (E,U,D) are the Ie_pton and quark doublsin- 0.069+0.010 events. The probability that this is a fluctuation
glet left-handed chiral superfields, respectivalyA",\" are ¢ s specific channel is about&L0 %, which corresponds
dlm_enspnl_ess coupling constants anfik=1,2,3 are gen- to about 4.6. The probability for a fluctuation of this mag-
eration indicesa,b=1,2 anda, 8,y=1,2,3 are SU(2)and i qe into any of the dilepton channels is about. 3
SU(3). gauge indices, respectively. The main phenomeno-" 1,5\ Tev experiment considered in detail the possibil-
logical changes to the MSSM are that the lightest supersyrqs[y that this discrepancy is due toN° that decays into a
metric particle(LSP) is no longer stable and supersymmetric y, oo _poqy final state. In Ref16] several kinematic distri-
particles can be produced singly at colliders. Through resop tions of the dimuon events were checked against the hy-
nance production the couplings\’,1") can be probed pothesis of aN° with mass 5 GeV: the transverse mass, in-

3 . B
down to about 10° before the production cross section be- variant dimuon mass, and missing distributions all agree

comes too smafl4-8]. If we consider MSSM SUpersymmet- -\ o1 with the N° hypothesis. The distribution in the energy

ric pair production with a neutralino LSP then we can typi- asymmetryAc=|E, — E,|/(E, +E,) of the three eventsH,

: 6

T Soupimtn e Lo tocays owtsie e caiecior arfldE2 &€ the o observed muon energies in each éven
oy 0 .

we retrieve the MSSM signatures at colliders. Cosmologi- ows a low probability for thé\” hypothesis. Thus three

! lude lifet for the LSP in th 1 out of four distributions work very well and, as does the
cally one ‘;a” exclude liretimes for the In the range 1 yuTeV Collaboration, we consider it worthwhile to investi-
<7< 10 yr [13], which corresponds to couplings 1%

gate whether this observation could be due to new physics. It
<(M\,\',\")<10 19 This leaves a gap in experimental sen-js the purpose of this article to consider two possible models
sitivity to the R-parity violating couplings 107  which could explain the observatiofi) a light neutralino
that decays viaR-parity violation and(ii) a neutral heavy
lepton (NHL) mixing with the standard model neutrinos.
These coupling values have been determined for a photino LSP A search for R-parity violating neutralino decays at
of M0=0(50) GeV and scalar fermion masses dily NuTeV was proposed in Rdf14] and the couplinga ;,, and
=(0(100 GeV). N\ 133 were discussed. In Refgl6,17] the NuTeV Collabora-

aBy

+ Ki€apL?HE (1)
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FIG. 1. Neutralino decays through thparity violating cou-
pling X 23,. Diagrams(a)—(c) give rise to dimuon events and dia- sive supersymmetric parameter range to get a significant
grams(d)—(f) to tau-muon ones. The index=1,2 denotes the mass neutralino production cross section has been excluded by the
eigenstate of the slepton. CERNe'*e™ collider LEP. We propose instead the produc-
tion of light neutralinos viaB mesons, which could give a
measurable excess. We briefly present the two possible mod-
s and then discuss them quantitatively.

In Sec. V we show that the production rate for neutral
heavy leptons is also too low and does not lead to a viable
explanation.

tion themselves mention the possibility Rfparity violating
neutralino decays as a solution to the observed discrepan
without looking at any specific couplings. In R¢l5], the
NuTeV experiment searched for the neutralino of a very spe
cific model[18]. This neutralino was very light and decayed
via L;L,E; or L;L3E; to anee final state. Certain super-
symmetric parameter ranges were excluded assuming neu- Il. THE R, VIOLATING MODEL
tralino pair production.

Here we show that the simple scenarios discussed in the The heavy neutral particle we consider is the lightest neu-
literature cannot lead to an excess at NuTeV, since the deciralino 3, which we also assume to be the LSP. In the no-
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FIG. 3. Solutions in M1,, M,, u, tanB) giving 4.5 GeV=< M;EsS.S GeV in the cross-hatched region. Points below the horizontal
hatched line are excluded by the requirement M§§>100 GeV.

015001-2



ATTEMPTS AT EXPLAINING THE NuTeV ... PHYSICAL REVIEW D65 015001

tation of[9], the neutralino decays 28— Ovzp, WhereORp tralino were discussed in detail in R¢L8]. We expect them

. . o to mainly carry over to the present mass redi28|. In order
is the dominanR-parity violating operator. Only two opera- to get anMz0=0(5 GeV) neutralino and avoid the LEP

i : i . ap b i : 1
tors give a dimuon signaturaciseapl ol Bz, 1=1.3. FOri 4045 we must consider the case where the electroweak
=1 the neutralino will decay with equal probability & v gaugino massel!;, M, are independent parameters. In Fig.
anduuv. No eu events are observed; we therefore propose3 e show the MSSM parameter space that corresponds to
one dominanR-parity violating operator: Mz0=5=0.5 GeV for two values of tag and sgru. The

1

Ow = e hoad 2LPE 2 composition of the neutralino is more than 99B4ino, pro-
Ry~ €abh oz, @ vided the lightest chargino mass is greater than 100 GeV.

For later reference we quote the experimental bound on this . Th_e dommanB—lno natgre of the LSF.) has 'm”ﬁed'ate im-
plications for pair production of neutralinos. TBeino does

operator{19]:
P 1191 not couple to thez® boson and thus the-channel pair pro-
M. duction of theB-ino is negligible. This leaves only the
N23:<0.070 155 Gay:  (20)- (3 t-channel production, which is proportionalltd)g4 and thus

strongly suppressed. We shall quantify this below.
The operator in Eq(2) corresponds to the two neutralino  In both cases neutralino production is followed by the

decay modesFig. 1) decay. The matrix elements for the decay Rgwere given
- in [23,11]. As the neutralino in our model will be much
~0 |MLHMRV, 4 lighter than the sleptondMj=90 GeV from LER it is suf-
X1 T[MQVW @ ficient to neglect the momentum flow through the slepton

propagators. For a purel-ino neutralino in this limit the
as well as their complex conjugate, since the neutralino is gpin averaged matrix element is given by
Majorana spinor. We shall show below that for a light neu-

tralino theru decays are sufficiently phase space suppressed |/\_/l|2(;(g—>7i|fr|[)
to give an expectation below one event. For the light neu- )
tralino production we shall consider two possibilities. g’zhﬁk Yvi 5 ) ) 2 )
(1) Pair production of the neutralingg0] which proceeds T4 | (mi —mi,— m,k)(M}g— ml,-lk)
via (8 schannelZ° boson exchange antb) t-channel Vi
squark exchange. vy
(2) Single neutralino production in the decay of bottom vitlie o, 2
. —2———=—(m%, m M=o 2)
hadrons. The bottom hadrons are formed following the pro- mMEmZ xgmp
duction of abb pair. These hadrons can then decay via the o
R-parity violating couplingsk{,5 (i=1,2,3). We will con- Y?
sider only the decays of tH&> andB* via R-parity violation + —iL(m5.| —m?)( M2o+ mZ—m?, )
(Fig. 2: MT_L ik k X1 i ik
]
Bi—vix?, (5) YoV L o o
+2——— (M2, mé, —M=o »)
BY 17X, (6) M%.MTZkR e e,
This mechanism allows one to produce light neutralinos via a Y2
. . . : r 5 NIVE: 2 2
strong interaction process and is analogous to the production +——(m?, — ml_)(|\/|;(04r mj, — ms )
of neutrino beams viar’s and K’s (and D’s). A related MTkR : ! 1 '
mechanism was discussed in the context of the Karmen time
anomaly[18,21]. Y Yig
For later reference we present the experimental bounds on +2—5———(my myy —mimp) | 8
the \/15 at 20 [3,19); Mi Mie :
Mb,, Mp,, Here Y; is the hypercharge of the fielfl and mfisz(fi
M1s<0.02h50-~0,  A215<0.059 5555y +f;)2 is the invariant mass of thi, f; pair of fields. This
matrix element can be simplified by assuming a common
MG, sfermion masdv; and by putting in explicit values for the
N313<0.1 00 GeV (7)  couplings:
. - 9972)\2
2,70 o ijk \12 2_ 2
IIl. QUANTITATIVE ANALYSIS IMIP(xa—wil 1) = PIVE: (MZoFmj, —mj,)
f

As discussed by the NuTeV Collaboration, the mass of the

2 .2
NC is roughly 5 GeV. The constraints on a very light neu- X(mVilj m'j)' ©)
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' lI/h' ” 'lloo Gev' T wherel=1.4 km is the distance target-detectax=28 m

- 200 GoY —emeem | is the length of the detectogc is the speed of the neu-
-2 e Mo = 300 GoV tralino, and ;o is its lifetime. The neutralino was further-

2 S T E more decayed with the fuR-parity violating (RPV) matrix
. ] element23,29. We then applied the NuTeV kinematic cuts
1 [17] on the neutralino decay products. We required that the
1073 =/ T 3 neutralinos decay within the fiducial volumé2.54x 2.54

v - x 28) nt of the NuTeV detector at a distance 1.4 km down-
stream of the production target. The muons produced in the
neutralino decay were required to have endggy-2.2 GeV

Number of Events

10-% | —
E - ] and the transverse masg=|P|+ P2+ M2>2.2 GeV, as
N in Refs.[15-17. Here Pt and M are the transverse mo-
o o o NG L mentum and mass of the visible decay products, respectively.
1078 5 1077 5 1076 5 1070 As the production of &-ino occurs only viat-channel

/e squark exchange, the cross section will depend on(dke

FIG. 4. Number of events in the NuTeV detector for neutralinosumed degeneratequark mass as 1/Mg. The number of
pair production as a function of the neutralino lifetime. events that would be observed in the NuTeV detector is
given in Fig. 4 as a function of the lifetime of the neutralino.
In the analysis of Refd.16,17 the model for the heavy Given the current limits on the squark mass from both LEP
neutral lepton decay studied was based on a weak decgg0-33 and the Tevatron34,35 it is impossible, for any
matrix elemen{24] neutralino lifetime, to get sufficient events to explain the
NuTeV results via neutralino pair production. In Rif4] the
B Gr— _ LEP constraints on the MSSM parameter space were not
MNP =il 10y = EuNoy“(l— Y5)Ui vy, V(1= y5) Uy, taken into account.

(10
B. Neutralino production in B-meson decays

If we compute the squared amplitude and average over the ag with the neutralino pair production we usesRWIG to

spin of the incoming heavy lepton we obtain simulatebEproduction. One of th& mesons produced was
— 0 . 5y 2 ) ) 5 ) then forced at random to decay via RPV. The overall normal-
[ MIEN = wil 1) = 16GE(myo+mj =N, (M, —Mi).  jzation was properly taken into account. The partial widths

for the decays of th&, andB* via RPV are given by

(11)

[(B%— 30 = Ai’lZSfZBméopcm LVi B Lq - RS
So the distribution of the decay products from fRearity (By— Vin)_16q-r(md+mb)2 M2 2M2  2M2
violating decay will be exactly the same as the weak decay Yi L br
matrix element studied if16,17] and therefore this model X(MZO—Mgo)
has exactly the same problem with the energy asymnagiry B X1
as that discussed ii6,17). 2,
9)\i123g 2f§m§0pcm 2 2
= MZ—MZ0), (13

A. Neutralino pair production 256w (my+ mb)zM%1 X1
We simulated neutralino pair production USHERWIG 6.2
[25—_2ﬂ. Thls allows us to simulate the production cross _ )\i/lzsfémZBercm |—|i L, RY
section with the correct momentum spectrum for the ”e“'F(B+—>|i+XiO):— —————
tralinos and to determine whether they can decay within the 8m(my+m,)? M~Ii 2Ml~JL 2M5R
NuTeV detector. Those events where the neutralino could
decay in the detector were weighted with the probability that X (M2, —m?— Mgo)
B I| X1

the neutralino decayed in the detector, for a given lifetime:
2
9)\i,123g,2f28m|3+pcm 2

| Ax = (M2, —m2—M?%,)
P~ exp, — , 12 2p 40 BT X
p{ BchXo] Bycryo 12 128r(my + my) M- :

(14)

20One modification ta4#ERWIG was made in that we used the aver-
age of the central and higher gluon parton distribution functions 3In the original version of our paper this number was smaller as
from the leading-order fit of28]. This will become the default in  found in[46]. We thank T. Adams for drawing our attention to the
the next release GfERWIG. corrected value in the published versidiv].
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FIG. 5. Number of events in the NuTeV detector for neutralino  FIG. 6. Regions in\,3,,\/;; parameter space in which we
production inB-meson decays as a function of the neutralino life- would expect 31 events to be observed in the NuTeV detector.
time. The limits from [3,19] on the couplingski,; (crosses and 5,4

(diamond$ allow solutions between the two points for each of the
wherep,, is the momentum of the decay products in the restnasses shown. The region above the stars is ruled out for the cou-
frame of the decaying mesom, 4, are the up, down, and pling N33 by the limit on the product of the couplingsyso 515

bottom quark masses, respectivetyo is the B mass, and from the limit on the branching ratiB™ — u* v [36]. The hatched
Mg+ is theB™ mass. H,erd-;f= —g'Y; /2 for the Ieft-ha,nded region shows the experimental bound on the couphijg from
L

) B . ) perturbativity. The corresponding limits on the couplixgs, from
fermions and?f_g’YfR/Z for the right-handed fermionsg both low-energy experiment§3,19] and perturbativity are not
is the pseudoscalar decay constantBoujecays,M;(g is the  shown as our solutions do not extend into this region.
lightest neutralino masdvig is the left down squark mass,

M7, is the left up squark mass, amdt, is the right bottom

squark mass. In Eq$13) and(14) we have assumed that the
sfermions have a common mads . The pseudoscalar decay
constant for thd system has not been measured experimenHerel'y- is the total width for theB*. This gives
tally and must be taken from lattice QCD. We have used the
value

12,2 2.5
N1 o3 Mg+

32rM7(my+m,) 2T+

2

m2 |\ 2
1- ") <2.1x10°%. (16)
mg-+

: M|
)\21$232$3.8X10 4(m) . 17)

fg=204=30 MeV (15)

In Fig. 6 we see that for every value ®f; 5 there are two
solutions in\ »3,, except for a minimum value of/, 5, below
from Ref.[37] where we have added the errors in quadraturewhich there are no solutions. This can be understood as fol-
The branching ratio for the dec@f)_,;‘(gjwas taken as an |OWS The maximum -fra?tion of neut_l’alinos decays in the
input and the branching ratio & _};(gl + calculated from distant detector for a Ilfet|m¢= Bcyll, ie., whgn the decay
it using the above results. The same cuts were applied as ngth corrgsponds o the flight length, the .d'Star!CG. betvx{een
the previous section. The number of events that would b e production target and the detector. This optimized life-

observed in the detector is shown in Fig. 5. This shows thal me corresponds numerically to

(18)

even for branching ratios below 10 there is a significant M~ 2
range of neutralino lifetimes for which there are enough Nper=5.3x1074 ——1 | .

; - 232 200 Ge
events to explain the NuTeV results. The present experimen-

:jaelcl;;;piirélgﬂgtoiltLhteyb)ra;ngTQ%égch;g] the purely muonic This requires the minimum production rate and thus the
Using the results fgr the. RPV brancr;ing ratios of Be minimum value oy, V\fhiCh Is the dip in the curves ip Eig.
mssonan he el Weis we an fnd regns . WU S Sl e e ol o

Nozoi N ] arameter space, for a given sfermion mass, i : . .
\(/vhzi?ézh trlwleszepare 21 evelilts inside thge NuTeV detector; this that the d_ecqy length is elther_ shorter or I(_)nger than the flight
is shown in Fig. 6. We have included the low-energy boundéength' yielding the two solutions shown in the figure.

Eqg. (7). In the case of the coupling,,5there is also a bound

on the product of the couplings,s,- A 5,3 from the limits on C. 7 decays
the branching ratios foB®— 7~ andB*— u* v [36], the
latter giving the stricter bound

As discussed in Sec. Il, in our model the neutralino can
decay tou7v as well asuuv. Using the calculation of Eq.

015001-5
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(9) we can compute the branching ratios BReBR(x}
—p*p*v,) and BR,,=BR(x{— 7" 1" »,), which are dis-
played in Fig. 7. For neutralino masses above 10—-15 GeV
the two decays have practically equal branching ratios. How- 0.8
ever, when the neutralino mass is close to theass, BR ,

1.0 BR(XC-u*u v +u )

BRG(-ptr 7y +rtu ) oo

o C
is phase space suppressed. FM;(2=5 GeV we have @ C
BR,.=0.287. In obtaining Fig. 7 the sfermions have been g 0‘6:
assumed to be degenerate and left/right stau mixing has bee§ E e
neglected. In principle the NuTeV experiment can observe £ 04— .
the (u7v) modes through the decays” —e“vv and r* X ]
— 7= (n- 7% v, which would lead to unobservee,) and C ]
(7, ;) events, respectively. Hera (7°) indicates an addi- 02— ]
tional n=0,1,2,3 emitted neutral pions. Given the three ob- C ]
served {,u) events one would expect the following number 0.0 T
of events forM 0=5 GeV: ' 5 10 15 20
1 Myo/GeV
BR,, : ) o
Ne,u)=3X—me—BR(7—evr)~0.21, (19) FIG. 7. Branching ratios for the decay of a puréno lightest
1-BR,, neutralino via the RPV coupling ,s,. The sfermions have been
assumed to be degenerate and light/right stau mixing has been ne-
BR glected.
N(ru)=3% =g BR(7—m(n-7%)»)~0.56,
wr (20) The higher sensitivity at NOMAD can be understood as

follows. The totaIbEproduction cross section for collisions

where we have used thebranching ratios from Ref36]. ~ On Be at NOMAD is 4.7 nb, while for collisions on BeO at
Thus the nonobservation oé(u) and (r,x) events is con- NuTeV it is l94 7nlb. The total integrated Ium|n0§|lt|es
sistent. We note that some of the— 7= (n- 7% decays &€ 5.5& 10" nb™* (NOMAD) and 6.18%10° nb
would show extra activity in the detector and thus be rejectedNuTeV). Therefore the number dib events is 2.6 10"
as purer” events. Therefore the above estimate is consefNOMAD) and 5.8<10'" (NuTeV), i.e., about 4.5 times
vative [38]. more at NOMAD. The NOMAD detector is closer than the
NuTeV detector and thus subtends a larger solid angle by
V. FUTURE TESTS OF THE R. VIOLATING MODEL about a factor of 3. The required neutralino lifetime is about
' P the same because NOMAD is about half the distance but the
A. NOMAD experiment energy is also about half. The NOMAD detector is about
. . . eight times shorter but the Lorentz boost is only about half
Iatigzeespoelr\iﬂrﬁgnte;{) grllzrg?\lnt[r?:t vjfsvgésmzanelgr;gigogsg ”Th ethe NuTeV boost, so this corresponds to a factor of 4. All in
. ', .all we would expect about a factor of 3.4 times more events
data, however, are still on tape and could be used to test the
current proposal. We modified our program to estimate the
event rate at NOMAD. For this we used the following num-
bers [39-41]: distance target-detectdr=835 m, fiducial RO
volume of the detectoV=(2.6X2.6x4) nr, target mate- 102 L e N |
rial beryllium, target densityp=1.85 g/cni, target length E ST T 3
d=1.1 m, proton beam energg=450 GeV, integrated
number of protondN,=4.1x 10*°. Using these numbers we
show our prediction for the number of events at NOMAD in
Fig. 8. For the samd&°-meson branching ratio we obtain
about an order of magnitude more events than at NuTeV: i
Thus our model can beompletelytested by the NOMAD 100 |-/ Ty
data. F/ 3

BR(B®-Y 7)=10"°

Number of Events
N
=)
o

1o-1 P VU IR SN B B
“In models where the scalar masses are unified at the grand unifie 107 5 1077 e 1078 5 1w07®
theory (GUT) scale the running of the masses to low scales forces
the right stau to be lighter than the left stau. For low gait is a FIG. 8. The predicted number of dimuon events at NOMAD as
good approximation to neglect left/right stau mixing. For large val-a function of the neutralino lifetime. We have used our model for
ues of tanB the right stau becomes much lighter, but this does noteutralino production througB-meson decays. We indicate the pre-
contribute to the decay. It is thus a conservative assumption to rediction for three different branching ratios of the neutBameson

quire degenerate scalar fermion masses. decay to neutralinos as in Fig. 5.
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at NOMAD than at NuTeV. Comparing Fig. 8 with Fig. 5 we
see that this is close to what the full numerical simulation
gives.

B. B factories

As outlined above, for neutralino production we are rely-
ing on a rareB-meson decay,

Reu/pp

Bi—>,u,i+)(g, (21
BO—v+yx?, (22) 15— 7

which can possibly be observed at a present or fuBufec- i

tory. In the standard model we have the de®y— u™ ol L by L e

+ v with a predicted branching rat{@2] of about 3< 10", ’ ¢ ' My, /Gev ° ° 1

This is probably just below visibility at the BaBar experi- !

ment[42]. FIG. 9. Ratio of €,u) to (u,u) events,Re,,,=T(N;
The decay(21) differs from the standard model decay —e*u"v,)/T(N;—u*u"v,), in the decay of a NHIN; versus

B*— ™ + v in the energy of the:, which is now onlyE,,  the mass oN;.

=(M5.+m2—M?)/(2Mg:)~0.27 GeV forM,=5 GeV.

We thus have a monochromatic muon with an order of mag- The NuTeV Collaboration observe an excess of dimuon

nitude less energy than in the standard model decay. This isevents. Assume we have one NHY; with mass My,

distinctive signature which we propose for investigation at=5 GeV, and the other NHL's are unobservably heavy. The

BaBar and otheB factories. We presume this is very difficult dimuon events could occur through CC decays withk

due to many sources of soft muons as background. Also the 2 and the mixing e|emem|2Ni or through NC decays with

efficiency for such soft muons is typically very low, only ,_> 444 the mixing elements m=1.2.3. Forj—k
about 5%[42]. mN;» 12,

The decay(22) is invisible, with the neutralino decay far

outside the detector atBfactory. If we had é8°-B° system
and could tag one of the mesons, via a conventional decayhere to be accompanying,() events with similar prob-
then we would have an unexpected invisible decay on th%bility from thek=1 mode.’For example, for a nonvanish-
opposite side. We propose this as a possible signature f‘?ﬁg IU'ZN.IZ, using the decay rates given 'ﬁl44], we obtain

|

investigation by the experimental collaborations. the iatio of €, 1) to (u, ) events given bB.REM/WEr(N.Z
—e ,u*vﬂ)/F(Nz—gu*,u*vM). We plot this as a function
of the NHL mass in Fig. 9. From the plot we see that we
In [16,17 the NuTeV Collaboration also considered the would expectmore (ex) events than &,u) events. This is
possibility of a neutral heavy leptafiNHL) to explain their ~ excluded by the NuTeV nonobservation of such events.
observation. Here a NHNN,_ , i=1,2,3, is considered as a  If the NC decays contribute we can expect furtheyef
primarily isosinglet field under SU(2)with a small admix- and (r,7) events. The latter are kinematically suppressed as
ture of the light standard model neutrinos. This is discussedn the R, case above. A search for the,¢) modes has been
for example, in Refd43,44). We follow the notation of Ref. presented only for low-energy electroi45]. However,
[43]. In general such a NHL has charged curré@€) and  given a nonvanishing mixing eIemet:jtmNi which gives the
neutral currentNC) purely leptonic decays proceeding via a (u,u) events via NC decays, we would expect further CC

=n=2 we obtain dimuon events through both NC and CC
decays.
If the CC decays contribute, i.g.=2, we would expect

V. NEUTRAL HEAVY LEPTONS

virtual W* or Z° boson, respectively: decays: Ny — ;" +1{ + vy, k=1,2,3. In particular, forj
o = =1,2 this leads again toe(u) events, which were not ob-
- We have thus eliminated all cases except a special model
+ L
NiL—vm+ly +1,  (NC). 24 \which we consider in more detail. Assure 3 andUsy, is

For the NC decay the charged leptons are from the sami@e only non-negligible mixing element. Furthermore, as
family, whereas for the CC decay they can also be fromfPOve, assumbly =5 GeV and the other NHL's are unob-

different families. A given CC leptonic decay is proportional servably heavy. We then have the following decay modes:

to the mixing eIemenkUjNi|2. There is a corresponding NC

decay proportional to the same mixing elementrfor j. For cc

a given set of NHL masses and mixings, we typically would Ni—{77v, TV, , TEV}, (25
expect both NC and CC decays to ocdyn=1,2,3 are free

indices which all contribute to the decay rate, independent of NC

the mixings. N—{v,eev,upu,v,77}. (26)
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The 7 and 77 decay modes are kinematically suppressed as VI. CONCLUSIONS
in the R, case discussed above and the observed dimuon

events are obtained from the NC decay. This model has bee[He lidht of supersvmmetry with brokeR parit d tral
studied by the NOMAD Collaboration for My 9 persy y AR parity and neutra
[ heavy leptons. We have shown that it is not possible to ob-
=10-190 Me\([41]. . . tain the observed event rate with pair production of light
We now estimate the event rate for this modg=8,  neutralinos or via the production of neutral heavy leptons.
U3y, #0). The production will go either via th€€C or NQ  However, we have introduced a new production method of
Drell-Yan mechanism with the tau neutrino mixing with the neutralinos vieB mesons. Because of the copious production
N; or via B-meson decays. We have computed the Drell-Yarof B mesons in the fixed-target collisions the observed
production cross section to bepy=O(10"1pb)- |U3Ni|2' dimuon event rate can be easily obtained for allowed values

The neutral current contribution to the NHL production is Of the R-parity violating couplings.

more than an order of magnitude smaller. The total integrated The model we have proposed can be completely tested
luminosity at NuTeV corresponds te 6.2x10° pb~! giv-  using current NOMAD data. We suspect this is true of any
ing the number oN; produced aNﬁrodNAfX 10P|U 4y |2. Of model one might propose. If the NOMAD search is negative

. U our model is ruled out and the NuTeV observation is most
0,
Thes_e only a?{mt 1~/Z legl tSe dlzrelctlon dOf tthe df.tectibﬂt’h likely not due to physics beyond the standard model.
eaving us withNy, [Ug|* In order to estimate the ™%\ o pointing out that through this mechanism we

tOtal number Of events we must Combine thIS W|th the fraC'have Opened a hew Sensitivity range in mpa“ty Vio'ating

tion of N; that decay in the detector given by Hd2). The  couplings. At colliders we can probe the range where the

total event rate is proportional to neutralino decays in the detector. For a photino neutralino
this corresponds tf2]

We have reconsidered the NuTeV dimuon observation in

Ne,~Np, exp{—alUsy |%} - b[U gy |2

=4%10°b|Ugy |* exp{—a|Ugy |2} 27 "> 5x1075 m  \*/ 100 Gew ™
x 1200 Ge M
where a=1/(Bycry|Usy|?) and b=Ax/(Bycry [Usy|?) = 2/c GeV| 2
from Eg. (12) are independent dlUzy |. The event rate is =9x10 4y 200 GeJ . (29
maximal for|U3Ni|2=2/a. We obtain an upper limit on the M3

lifetime if we assume the NC decay is dominant. The latter

we determine through the scaled muon lifetime ) ) )
Here we have substituted the light neutralino mass we are

considering. For significant boost factors we thus can probe
m, 5 . e 5 couplings at most down to 18. From Fig. 6 we see that for
M_N- |U3Ni| =9x10 S|U3Ni| - (29 a 200 GeV sfermion we can probe couplings down to about
: 5x107%, which is more than two orders of magnitude
smaller. It is thus worthwhile to study the production of neu-
We then obtaina=5.2x10%/y and b=1.3x107/y. For y tralinos via mesons at fixed-target experiments in more de-
=10, for example, we obtain the maximal event rate fortail. . )
|Ugn,|=9x 1072, which is compatible with the independent " Bl?fzf[e c;oncludlng we ?|.50|_f|1_0te tT)at one mlglzt (\jNO”y that
2 ; e lightest supersymmetric Higgs boson would decay pre-
boun.dEi|U3Ni|. <9'016[45]' Follgwmg Eq.(12), the total domigantly to t?we tv)\//o light neut?zglinos and thus be invigibple.
fr_ac_:tlon d_ecaylng in the detector is then roughly 1.1%. ComHowever, as with the® boson, the Higgs boson does not
bining this with the previous estimate of the number pro'couple to aB-ino neutralino.
duced we get a total maximal number of events of about
NO*=5x10"’, which is of course too small.
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