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Heavy quark production via leptoquarks at a neutrino factory
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The proposed neutrino factory based on a muon storagéMBg) is an ideal place to look for heavy quark
production via neutral current and charged current interactions. In this article, we address the issue of contri-
butions coming from mediating leptoquarkQs) in v, (;e)-N scattering, leading to the production lm’(g)
at a MSR, and investigate the region where LQ interactions are significant in the near-site experiments.
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I. INTRODUCTION physics in the neutrino sector. In contrast to SMquark
production via nonstandara-N scattering processes can
It is widely believed that the proposed neutrino factorytake place at the tree level itself via the CC interactions,
(NF) based on a muon storage riG@SR) capable of sup- v, U— “b, v C—>M “b, and veu—>e+b all of which are
plying a well calibrated and intense beam of r0U9h|ysuppressed in the SM either due to the Cabibbo- Kobayashi-
~10%% M(VM) and vo(v,) per year through 50 GeV muon Maskawa(CKM) matrix elements/,, or due to the interac-
decays will open up an unprecedented opportunity to revedlon of v, with sea quarks present inside the nucleon. The
the world of neutrinos and to provide a physical Iaboratorycorrespondmg NC processeﬁd_ﬂ, b and v,d— veb can
for testing physics beyond the standard mo\) [1,2l.  occur only at one loop level in the SM.
Recent strong indications of atmospheric neutrino oscilla- |n this context, it is worthwhile to consider theories with
tions (v,— vy, wherexis note) [3] have rekindled interest |eptoquarks which occur naturally in grand unified theories,
in accelerator eXpeT”rl]”ﬂentT that could Sgugy the same range 8liperstring inspireds models and in Technicolor models,
parameter space. The solar neutrino deficit is interpreted efy1 4 study heavy flavor(b) production in scattering of
ther as matter enhanced Mikheyev-Smirnov-Wolfenstein OSEggutrmos onya f|xe(§/ |sonur<3(eo)nriarget with LQs as me%lators
cillations [4] or as vacuum oscillationg5] that deplete the of the interaction. In our earlier work, we have studied the

i)rilglerizlr;ﬁnprfhsgngge;nerﬁgonrn?(i}n 'Sar;”igs;?le of aar':lc'j: contribution of mediating lepton flavor violating LQs in
9 g angiesvipe v, /!-(VE) N scattering, leading to an enhanced production of

v v, Oscillations, both at short and long baseline experi- s and wrong signu’s at MSR, and investigated the region
ments has been extensively discussed in the literature. T ere LQ interactions are significant in the near-site and

investigation of physics beyond the SM through Certa'nshort baseline experiments, and we found tra can con-
novel interactions in the neutrino sector, in particular, the, €strain LEV couplings between the first and third generation,
appearance of—hand wrong Slgngusélgnai]s |n. new.ii]h)és S the bounds on which are not generally availabiith the
scenarios, such supersymmet(BUSY) theories with bro- o0 it in this present work, we investigate thquark

ken R parity [6] and theories that allow leptoquackQ) o —
iated lepton fl iolatinfLEV) interactiond 71. h produc'tlon in both NC and_ CC channels through(ve) N
mediated lepton flavor violating.FV) interactiond 7], have scattering at the NF, mediated by scalar and vector lepto-

been dealt with in our earlier work$,7]. With the same
motivation to look for the role played by the nonstandardduarks. It is worth mentioning that we consider thebeam
interactions at a NF, the production of heavy quarks throughalso for production ob, b in both the NC and CC channels
v,-N scattering in arR-parity violating SUSY theory was unlike Ref.[8]. For the present case, since we are interested
investigated recentl{8] and it was shown that it is possible in new physics effects alone and not the oscillation effects, it

to have Significant event rates fbr(E) production via both is desirable to -Conﬁne ourselves to near-site experiments
neutral Curren(NC) and Charged Currer(t:c) interactions. where the neutrino detectors are placed at a very short dis-

We should emphasize here that in SM the productiom of tance(typically 40 m) from the storage ring. Here we do not

(b) is severely suppressed at tree level. Thus a conaderab?é)ns'der the LFV Processes. The processes that we consider
in th|s article for theb,b production via NC and CC channels

number ofb (b) or an excess well above the SM rate at a NF
would unequivocally imply the existence of nonstandard®"

*Email address: agoyal@ducos.ernet.in NC:v,d—v,b, ved—veb; @)
TEmail address: pmehta@physics.du.ac.in; mpoonam

@mri.ernet.in o _
*Email address: Sukanta.Dutta@cern.ch CCw,u—u~b, wveu—e'b. 2

0556-2821/2003/6%)/0530068)/$20.00 67 053006-1 ©2003 The American Physical Society



GOYAL, MEHTA, AND DUTTA PHYSICAL REVIEW D 67, 053006 (2003

The total number olb,Equark production events per year via E\F\:f[glﬁﬁi 7l |_+91RU%9R]31+§1RE%9R~31
either CC or NC interactions can be written as L . o
— +03.001 7271 S3+ [ ARy L+ 92r0A0 Y €RIV2,
dzU'Kl’(V:/cc[ dN,

dxdy {dEvi .

Nb,E:an 7>surv[Vi(ji) +§2L?F:QVMIL’\72M+ c.c.,

—u(1)]dE, 5Ha(x) dxdy, 3) Lirj=0=[haLUrl L +hardLiToer] Ry + o dRlL R
+hrUR Y eRU; , + [y g v#I
where V,, is the number of nucleons per kT of the target lR_Ry Rotw 1"}? -
material® x andy are the Bjorken scaling variablegandq’ +hirdry*er]Uq,+hs q 79 Ug,+C.C.,

are the quarks in the initial and final states, respectively, and ©)
g(x) is the quark distribution function. The differential par-

ton level cross section can be expressed as whereq, , |, are the left-handed quarks and lepton doublets

andeg, dg, ug are the right-handed charged leptons, down-,

and up-quark singlets, respectively. The scélar, S;, S;,

S;) and vector(i.e., Vs, V,) LQs carry the fermion number
(4 F=3B+L=-2, while the scalafi.e., R,, R,) and vector

wherey’ = —1/S=Q?%/(2ME,x’) andx’ is theslow rescal- (i.ell\ly Uz, Uy, Uﬁ) LQ haVTF.Zol' dies have b de i
ing variablé that arises due to the mass shell constraint of umerous phenomenological studies have been made in
the heavy quark produced in the final state, order to derive bounds and put stringent constraints on LQ

couplings, particularly from low energy flavor changing neu-
, Q%+ mé mé tral current(FCNC) processefll] that are generated by sca-

=X+ ) lar and vector LQ interactions. Direct experimental searches
2Mv 2MEy

|M(x :y,)mC/cc
327S

2 V,:
doNcice
dx’ dy’

ax"y") _
a(x,y)

d*oidice _
dx dy

for leptoquarks have also been carried out atefgecollider
and bounds obtained 1,12, and, in particular, bounds ob-
tained from B meson decays B—I*1~X, where |1~
ax'y") =p'u",e’e’) and also bounds derived from meson-

a(x—y) , (5) antimeson BB) mixing would have a direct bearing on the
' processes considered here. This is because the low energy
limit puts a stringent bound on effective four-fermion inter-
actions involving two leptons and two quarks, and since at
o the NF the center of mass energy in collision is low enough,
and[dN, /dE, ] is the differentialv (v) flux. The sur- ~we can consider the neutrino-quark interaction as an effec-
vival probability of a particular neutrino flavai) is given by ~ tivé four-fermion interaction. The bounds on effective cou-
Paun(i— 1) =1~ Pos(v,— v;) Wherej takes all possible plings used in this paper are the LQ couplings over the LQ
values:;j=e, u, 7 butj#i.2 mass squared and are dgrlved on the assumption that the
The effective Lagrangian with the most general dimen-'nd_'V'd“al leptoquark coupling cor_1tr|but|on to the_ br_anchlng_
sionless, SU(3)xSU(2), X U(1)y invariant couplings of ratio does not ex_ceed the experimental upper I|m|ts and_ in
scalarandvectorLQs satisfying baryoriB) and lepton num- the branchmg r_at|os only one Ieptoquark. coupling is can|d—
ber (L) conservatior{suppressing color, weak isospin, and ered by switching off all the other couplings. All couplings

Therefore

M being the nucleon masE,, being the neutrino energy, and
V:Evl_E|f(E;|_E|+). S is the parton level c.m. energy

generation(flavor) indiced is given[10] by are cgnsidere_d to be real, and_ combinat'ions pf Ieft and' right
chirality coupling are not considered. This article is outlined
L=Lig=2F LiF|=0, as follows. We discuss the(b) production through’ (v) N
interactions via NC and CC channels in Secs. Il and I,
where respectively, and give the plots of event rate versus muon

beam energy. In Sec. IV we outline the conclusions drawn
from our results.
1N, =6.023x 10%2 for a target of mass 1 kT.
2For production of a heavy quark from a light quark, the heavy
quark mass modifies the scaling variable of the quark distribution.
x" is the quark momentum fraction appropriate for absorbing the Let us first consider the possible NC processes that can

. ) 2 _
virtual W described bys andQ”. lead tob/b in the final state. There is no SM tree level
For the two flavor oscillation case, Pos{vi— vj)

= 5?26, sirP(1.27Am? (eV)[L(km)/E, (GeV)]), wherel is the ~ PTOCESS in the NC channel as NC processes leadirmkio
baseline lengthE, is the neutrino energym? is the mass-squared Can only occur at one loop level in the SM. However, there
difference between the corresponding physical statesggrid the ~ ¢an be two possible nonstandard tree level NC processes that

mixing angle between flavors. can lead to the production of b in the final state, due to the

Il. b (b) PRODUCTION VIA NC PROCESSES
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b Yy d vy
FIG. 1. b production via NC processv(,+d
R U S,V —wv,+b) from scalar and vector LQs{a)
—————————————— u-channel process corresponding|f =0 LQs
and (b) s-channel process corresponding ||
=2 LQs.
Yy (a‘) d Vu (b) b
presence of both and v of different flavors fromu decay, In the s channel, t¥V0 ?iagr'ams are mediated by charge
Viz,, uT e v (1) v,+d—v,+b, (2) Vet d— v, =—1/3, scalar LQs $},S3") with T;=0, while one is me-

+b. For the two NC processes mentioned above, we havéiated by a vector LQ\(;,/") with T=—1/2 [Fig. L(b)].

both s and u-channel diagrams arising from the relevant The matrix element squared for all the three diagrams con-
interaction terms in the effective LQ Lagrangian. For the firsttributing to the NCs-channel process is
process,v,+d—v,+b (shown in Fig. }, there are two

possibleu-channel diagrams mediated by LQRT(U™) car-

rying |F|=0 and charge= 1/3, while there are three possible IMPE™M(v,d— v,b)[?

s-channel diagrams that are mediated by L@§Y") carry- ,
ing [F|=2 and charge=—1/3. For the second process, =[5( b)] |91L91L| n |93Lg32L|
+d—ve+b (shown in Fig. 2, the two possibles-channel -M3 )2 (S—Msg)2

diagrams are mediated by LQ&U) carrying |F|=0 and

charge= —1/3, while the three possibiechannel diagrams 191,930/ Aoa 2
are mediated b i = T2 P FlAu(u=—m;)]
y LQs]\V) carrying |[F|=2 and charge (5—M2 )(S—Méo)

=1/3. 1

We first consider the production d&f from », (obtained
from .~ decay interactions with nucleons via NGchannel
processes for thi=|=0 case[Fig. 1(@)] and NCs-channel
processes for the-|=2 case[Fig. 1(b)]. There are, in all, _ _ _
two diagrams contributing to production &f via (v,+d ‘Next we consider the production offrom v (also ob-
—v,+b) in the u channel[Fig. @], one mediated by the temed from thew™ decay through interactions Wlth nucleon
charge = 1/3, scalar LQ &; ") carrying Ts= — 1/2 and via the NCs-channel process for th&|=0 cas€gFig. 2(a)]

P c and NCu-channel process for thg=|=2 case[Fig. 2(b)].
the' other one b_y a v_ector LQJG#.) with Ts 1, where There are, in all, two diagrams contributing to the production
T; is the weak isospin. The matrix element squared for two
of b via (vo+d— ve+b) in the s channel[Fig. 2a)], one

diagrams contributing to the-channel NC process is
mediated by the charge —1/3, scalar LQ R, *?) with T,
|M“°ha”rtvﬂdev#b)|2 =—1/2, while the other one is mediated by a vector LQ
(Ug,) with T3=—1. The matrix element squared for the

@®)

|92L92L|2
(g— M\Z,—llz)z .
2

—[U(0—m?)] |T12LF]2L|2 +[45(5-m?)] two diagrams contributing to the NE€channel process is
b u— '2#1/2 2 b
2
|\/—h3L\/—h3L| @ |ME—5hann(Ved_’Veb)|2
(u IVIU )2 ’ ~n 2 |F]2LT12L|2 A on 2
=[s(s—mp)] ML 2 +[4u(u—my)]

where the Mandelstam variables at the parton level are given R, M

_ . -y _ . 2 ~
by s= (P, +Pa)? t—[pvﬂ(lnltlal) p, (final)]% and u IfhsthaLl
—(pV —pb) with p; denoting the four-momentum of the (sl\/l—)2 , (9)
ith partlcle Ys
d Ve b 7

FIG. 2. b production via NC processv{+d
RU S,V —vetb) from scalar and vector LQsi(a)
—————————————— s-channel process corresponding|=0 LQs
and (b) u-channel process corresponding |

=2 LQOs.
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TABLE |. The best bounds on all relevant products of coupliffgsm B decays an®B mixing) taken
from Table 15 of Ref[11] by Davidsonet al. All the bounds are multiplied bym,_ /(100 GeV)?2.

(la)(la) hy hir haL hor haL giL g1r oL g2r OsL

(1D(13 0.002 0.003 0.006 0.002  0.004 0.003 0.003 0.004
2123 0.0004 0.0004 0.0008 0.0004 0.004 0.0004 0.0004 0.0004

where the Mandelstam variables at the parton level are giveim our earlier workg6,7], we have used CTEQ4LQ parton
by S=(p; +py)? t=[p; (initial) —p; (final)]?, and G  distribution functions[13] in order to compute the events.
o ) € € There is, however, significant suppression in phase space due
=Py, = Po)™ ) ) to the production of the massivequark. In our calculation

In theu channel, two diagrams are mediated by the charggve have not imposed any event selection cuts. Event selec-
=1/3, scalar LQs $,,S3) with T;=0 and one is mediated tion cuts will further scale down the contributigfor a de-
by a vector LQ 6/2’;’2) with T3=—1/2[Fig. 2b)]. The ma- tailed analysis see Reff2]). We have considered a detector
trix element squared for all three diagrams contributing towith a sample area of 0.025%fi14] and placed at 40 m from

the NCu-channel process is the storage ring. Regarding the bounds on LQ couplings, we
have used model independent constraints on the couplings to
|ME-é:hanrtved_>Veb)|2 b quarks ofB and L conserving LQs as discussed [ifl],

where it is shown that one can constrain the generation de-
2 2 pendent LQ couplings tb quarks from the upper bounds on
|91L91L| |93L932L| the flavor-changing decaysB—I1*1"X (where 11~
(U—Mél)2 (U—Msg)2 =utu",eTe”), the CKM matrix elemen¥,,, and from
meson-antimesorBB) mixing, and obtain some of the best
N ) bounds for the processes of our interest. All the bounds on
+[4s(s—mp)] couplings that we have used for the calculation of event rates
are listed in Table I. Since the bounds on the couplings
andg i are not available from Ref11], we take them to be
9209217 10 the same as bounds on couplifgg andg,, (which are the
(U—M 2 )2 | (10 opposite chirality counterparts bf, andg;g, respectively.
Vou We make some simplifying assumptions, e.g., the product of

) ) ) ) . couplings of different chiralities is obtained from the squares
Having said all this about the relevant NC diagrams leadingy the couplings of individual chiralities. We extract bounds

to b production, we now focus on the details that we use igjeyant to the £,d)(v,b) vertex from the bounds for the
order to compute the number of events b via the NC  (21)(23) generation of the quark-lepton pair, while for the
channel and demonstrate their behavior as a function Qfgrtex (jed)(jeb) we use the bounds for tHa1)(13) gen-
muon energy ranging from 0 to 250 GeV. We consider theation indices relevant to the process. These bounds are de-
contribution from LQs carrying different fermion numbers iveq from semileptonic inclusiveB decays. The latest
separately, which essentially means teaher all the hs or  j5,nds coming from BABAR and BELLE experimefis]
all the g$s contributing to a given process are nonzero at &owever, are not relevant for the processes considered here
time. For simplicity, we take the masses of scalar and VeCtoéxcept for the bound olV,,, which does not make any
LQs for bothF =0 and|F|=2 to be equal £ 250 GeV). As  gjgnificant change in the couplings. In Figs. 3 and 4, we have
plotted theb-quark production rate as a function of muon

=[u(u—mp)]

91093 I?
(U=ME)(U-Mg)

9 JR—
10 i : ! ! ! 1 beam energy for ,-N andv.-N scattering processes, respec-
. 108F e tively.
5 F e 1 :
g 107F # .
~ 108F Ill. b (b) PRODUCTION VIA CC PROCESSES
= s . _
i 104 L/ F=0, LQ= 250 GeV —— ] As discussed above, the productiontobr b in the final
£ 103 F F=2, LQ= 250 GeV - ] state through CC interaction can also occur in the SM at the
g 10°F y 3 tree level, in contrast to the NC case where SM contributes
f 102 F N s bx 3 only at the one loop level. The SM cross sections for the CC
[ v - ] bl =
10'F g . 3 processes,+U—u~ +b andve+u—e +b are given by
() S 1 1 1 1
1 0 50 1%0 GI\E}O 200 250 d?o _ GES M\Z/v 2
in Ge _ N bX)= ——| WV X' —x'y’
# dx dy(v“ —pbX)= MZ,+ Q? y
FIG. 3. Variation ofb events(from LQ) for a 1 kT detector and 2
LQ mass 250 GeV with muon beam energy for a baseline length 40 _% (1— ’)U(X’)|V |2
m and sample detector area 0.025 m S y ubl
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109 T T T — 3 Ts=—1/2 and the other three by vector LQs
. 10%F ; (ULL,ULL,UgM*) with T;=—1. The matrix element
g 107F squared for all four diagrams contributing to the CC
i 105 F s-channel process is
E 10° _ ] s-chan . -2
~ jotb F=0, LQ= 250GeV—_; IMEE™ v, u—n b))
% 103 E F=2, LQ= 250 GeV - 3 ,
= ok p a9 [ho hogl Aoa o
K 10%F 3 =[s(s—mp)]| =———=— 5 +[4u(u—mg)]
= otk | 7N — 7,bX _ ( _MR2—1/2

oL 1 1 1 1
10% 50 100 150 200 250 [hyhy |2 |ha hgy |?

E, in GeV

(5-M§ )2 (5-Mgpo )?
FIG. 4. Variation ofb events(from LQ) for a 1 kT detector and ” Sp
LQ mass 250 GeV with muon beam energy for a baseline length 40 |h h |2
m and sample detector area 0.025. m L8t

2 2 2 (g_Malﬂ)(g—MagM)
2o (7N—>e+bX):GFS M2,
dx dy ¢ T

M+ Q?

+[4(s+U)(s+u—md)] (12

hahael®
2 (s— MLZJlM)

’ Iyt mb ’ ’ 2
X' =Xy =~ [(1=y U V| .

(11)

X

where the Mandelstam variables at the parton level are given

by s=(p,, +pu)? t=(p,,~p,-)* andu=(p, —pp)*

Here we have the advantage of having the SM rates as In the u channel, three diagramso are mediated by the

benchmarks against which to compare the rates obtained viharge= —1/3, scalar LQs $1T,51T,§/3T) with T;=0 and

LQs. u(x') andu(x') are the distribution functions of up- One is mediated by a vector LQVg,") with Ts=—1/2

type antiquarks and quarks, respectively. [Fig. 5(b)]. The matrix element squared for all four diagrams
For the CC processes mentioned above, we can have bo@@ntributing to the CQr-channel process is

s andu-channel diagrams arising from the relevant interac-

tion terms in the effective LQ Lagrangian, as for the case of A E-(Shanr(,,uj_w—g)p

NC processes. For the first procesg,+u—u~ +b (as

shown in Fig. 3, there are four possiblechannel diagrams

mediated by LQs R",U") carrying|F|=0 and charge=

—2/3. Also there are four possiblechannel diagrams that

are mediated by LQs,V") carrying |F|+ 2 and charge 101,05 |2

=—1/3. For the second process,+~u—e™ +b (as shown - = 5

in Fig. 4), the four possible-channel diagrams are mediated (u=Mg)(u—M Sg)

by LQs (R,U) carrying|F|=0 and charge=2/3, while the

2 2 2
1910011 n |91.91r n 19393 |

_rhn 2
[u(u—mg)] (Q—Mél)z (L]—Mél)z (G_Mgg)z

+[4(s+U)

four possibleu-channel diagrams are mediated by L@s\) . 5 1921921

carrying|F|=2 and charge= 1/3, respectively. We first con- X(s+u—mpy)] (fJ—I\A—z)Z : (13
sider the production db from v, (obtained fromu.~ decay Vi,flz

through interactions with nucleons via the G€hannel pro-

cess for thelF|=0 case[Fig. 5a)] and the CCu-channel Next we consider the production offrom v, (also ob-
process for th¢F|=2 case{Fig. 5(b)]. tained from thew~ decay through interactions with nucle-

There are, in all, four diagrams contributing to the pro-ons via the CGs-channel process for thé|=0 case[Fig.
duction ofb via »,+u—u"~ +b in thes channelFig. 5a)], 6(a)] and the CQu-channel process for tH&| =2 casgFig.
one mediated by the charge—2/3, scalar LQ Rz’l’z’f) with 6(b)]. There are, in all, four diagrams contributing to the

i K b I
FIG. 5. b production via CC proceSSzL+U
R U S,V —u~ +b) from scalar and vector LQs(a)
—————————————— s-channel diagram corresponding [6|=0 LQs
and (b) u-channel diagram corresponding [t6|
=2 LQs.
V/,L (a) E y# (b) (7]
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u et b et
FIG. 6. b production via CC process:7g+u
R U A% —e"+b) from scalar and vector LQs{(a)
______________ s-channel diagram corresponding [6|=0 LQs
and (b) u-channel diagram corresponding ||
=2 LQs.
7 (a) b v, (b) u
production ofb via 76+ u—e’ +b in the s channel[Fig. | M E'Q‘?ha“ft;euﬂleb)F

6(a)], one mediated by the charge2/3, scalar LQ R, *?

with T3=—1/2, while the other three are mediated by vector 1920911 19291r1% 193,032

0 - _ : =[u(u—md)]| = = -
LQs (Uy,,Uy,,Us,) having _T3—O each. The_matrlx ele- b (G—M2)2  (G—M2)2 (u—Mgo)Z
ment squared for the four diagrams contributing to the CC 1 1 3
s-channel process is 191,032
—o—— (4G50 (5+ - m))]
y — —Mg)(U—M)
|Mf(ghamkveu_>e+b)|2 (U S S;
~n |hoLhogl? PR 920921 2
:[S(S—mﬁ)] =2 2 +[4u(u—mﬁ)] T . (15
R, 172 (u Vz—:/z)
) ) As discussed in the previous section, we have used the
|hth1L| |h3Lh3L|

model independent bounds on couplings frghi], and the
(g_Mgl )2 (g_Mao )2 relevant bounds for the processes given a_bove are listed in
g Table I. We extract bounds relevant to the, () (u "~ b) ver-

C e tex from the bounds for th€1)(23) generation of the quark-
+[4(stu)(stu—my)] lepton pair, while for the vertexuu)(e*b), we use the
bounds for the(11)(13) generation indices relevant for the

Ihy, hyrl? processjeuﬁe*b. The other inputs to compute the event
X &] (14)  rates are the same as for the NC diagrams. In Figs. 7 and 8,

= > — .
(s— Mulﬂ)2 we have plotted thb andb event rates as functions of muon

beam energy fop ,-N and?e—N scattering processes, respec-
where the Mandelstam variables at the parton level are givetively. For these processes we have also plotted the SM con-

by s=(p; +py)% t=(p; —Pe+)2 andu=(p; — py)> tribution tob andb events. To determine the allowed range

In the u channel, three diagrams are mediated by the®f LQ masses and products of couplings, we have used the
charge= 1/3, scalar LQs $,,S, Sg) with T;=0 and one is criterion that the number of signal events is equal to two or

mediated by a vector LQ\Q/}’Z) with T5= — 1/2 [Fig. 6b)]. five times the square root of events in the SM. Accepting this

The matrix element squared for all four diagrams contribut.éguirement of the @ and 5o effect as a sensible discovery

: . criterion, the contours in Figs. 9 and 10 are drawn for a
ing to the CCu-channel process is baseline length of 40 m and thus the noncompliance of these

|hth3L|2

(S MUJ_'LL)(S Mug”,)

108 T T L E—— 1010 T T T T
o 10° [ P MR - 109 |
g 1w A g 108f
= 108 /’:/ F=0, LQ= 250 GeV —— - i 107 F
= 2+ F=2, LQ= 250 GeV - - 6 |-
S 101 Q € E 10
~ 10°F 5 SM -+~ N 100 )
n 0L . 4L "/l
g W 2 10t [
> 10 B - g 103 |
e . T s Vo
B 103k | vy N —p bX i S otk h 5N — etbX ]
10_4 | 1 1 1 1 100 | 1 1 1 1
0 50 100 150 200 250 0 50 100 150 200 250
E, in GeV E, in GeV
FIG. 7. Variation ofb events(from SM and LQ for a 1 kT FIG. 8. Variation ofb events(from SM and LQ for a 1 kT
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estimates with experimental observation would mean that thg) that the SM contribution to thle production rate is two to

region above these curves is ruled out.

IV. CONCLUSIONS AND DISCUSSION

Heavy quark b,H) production fromv,,-N and?e-N scat-

three orders of magnitude smaller than the LQ contribution
in the CC channel, even after using the most severe con-
straints on LQ couplings and masses from low energy FCNC
processes. Further theproduction rate in the NC channel
(Figs. 3 and #is comparable to that for the CC case. We

tering via both the CC and NC interactions at a NF provideshave investigated the region in the coupling-mass space for

an exciting possibility of detecting signals of new physics.

LQs, which can provide a reasonable signal for the discovery

This comes about because in these processes the SM conisf new physics involving LQs. It may be noted that this
bution is heavily suppressed either due to the CKM matrixregion can be even more restrictive than that implied by the
element or due to the interaction of neutrinos with the sedow energy bounds obtained froBimeson decays. Also the
quarks present inside the nucleon. The NC processes in SMclusion of LFV interactions via LQ’s could further squeeze
are further suppressed as they can take place only at one lode allowed region of LFV couplings and masses.

level. We have computed here tbe(E) event rates in theo-

ries with LQ and confined ourselves to the near-site experi-
ments where the oscillation effects are negligible. From Fig.

7, it is clear that the contribution coming from the SM to the
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