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Distinguishing indirect signatures of new physics at the NLC:Z' versus R-parity violation
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R-parity violation and extensions of the standard model gauge structure offer two nonminimal realizations of
supersymmetry at low energies that can lead to similar new physics signatures at existing and future colliders.
We discuss techniques that can be employed at the NLC below direct production threshold to distinguish these
two new physics scenarioS0556-282(99)07309-9

PACS numbds): 12.15~y, 12.60.Cn, 12.60.Jv

I. INTRODUCTION wherei,j,k are family indices and symmetry demands that
<j(j<k) in the terms proportional ta(\") Yukawa cou-
While the standard modelSM) is in relatively good plings. In the MSSM, the imposition of the discrete symme-
agreement with all precision electroweak dpt4 it leaves  try of R-parity removes by brute force all of these “undesir-
too many unanswered questions that will somehow need tgp|e” couplings from the superpotential. However, it easy to

be laddéessed by n?&ggﬁ'c.s ‘?tt] or apovef tt?]e el‘.ac.tro"lve%nstruct alternative discrete symmetries which may arise
scale. Supersymme - In e guise of the minimal ¢ ) strings that allow for the existence of either theor

supersymmetric standard mod&SSM), provides a poten- S ) . :
tial starting point for the exploration of this new physics; B-violating terms[3] in W, (but not both kindsand are just

however, while the MSSM provides a simplified framework 28 likely to exist asR-parity itself. [Interestingly, at least

in which to work, most authors would agree that the MSSMmsome, if not all, of these dangerous coupling$\ia may be

is itself inadequate due to the very large number of fregemoved from the superpotential if the SM fields also carry
parameters it contains. Furthermore, the MSSM cannot ban additional set otJ(1) quantum numberg4].] As far as

the whole story of low-energy SUSY since, on its own, it we know there exists no strong theoretical reason to favor the
does not explain how SUSY is broken or why the scale ofMSSM realization over suchR-parity violating scenarios.
this breaking is of order~1 TeV. In going beyond the since onlyB- or L-violating terms survive when this new
MSSM there are many possible paths to follow. In this papegymmetry is present the proton now remains stable in these
we discuss two of the simplest of these scenarios: an exterodels. Consequently, various low-energy phenomena then
sion of the SM gauge group by an additiona{1) factor provide the only significant constrainf§] on the Yukawa

bquen near the Tev scale arR_lparity violation, both of couplings\,A" and\”. For example, constraints on the tri-
which are well-motivated by string theory. Although theselinear LLE® couplings are typically of order\

two alternatives would appear to have little in common, We~0.05(m/100 GeV), wheran is the mass of the exchanged

will see below that they can lead to similar phenomenologysfermion' In what follows we will be interested ihmasses

i;ﬁ;?sep et ?Qgsfu;l;rfh(éo”'gg;:?; n;a;ct;e %?Slégﬁ n(f:llj;:g I?Ei the TeV range so that Yukawa couplings not much less
9 P P an unity can be phenomenologically viable.

model. A . _
; e . If R-parity is violated much of the conventional wisdom
Unlike the case of grand unified theoriéSUT), where associated with the phenomenology of the MSSM goes by

any additionalU(1)’'s may break at any arbitrary scale be- ; : ;
low Mgyt, perturbative string models with gravity mediatedvinhe wayside, e.g., the lightest supersymmetric particeP)

) : now not necessarily a neutraling unstable and sparticles
SUSY breaking are known to predict an assortment of ne y n b

existence of other exotic matter states with comparabl%
masse$2]. Such models lead one to expect that the existenc
of aZ’ at mass scales which will be accessible at run Il of
the Tevatron or at future colliders is quite natural. Similarly,
the case for potentidR-parity violation is also easily dem-

onstrated and appears to be just as natural as not. As is w
known, the conventional gauge symmetries of the supersy

metric extension of the SM allow for the existence of addi-

tlo?l_%l terérlls Iln t?eﬂ_s)uperpcbnentgl that 'V||?Ilate e;ther tk;‘arty'ated with aZ’. (Recall the expectation that at linear colliders
on(b) andjor 1epto number. One quickly realizes thal o ., 55 the Next Linear CollidéNLC), the effects of &’

simultaneous existence of such terms leads to rapid proto\pvith a mass in the several TeV range will appear as devia-

decay. These phenomenologically dangerous terms can t?
written as

esses and may even be produced-akannel resonances,
gppearing as bumgds,7] in cross sections if they are kine-
matically accessible. Below threshold, these new spin-0 ex-
changes may make their presence known via indirect effects
cross sections and other observables even when they oc-
r in thet or u channels[8]. Here we will address the
juestion of whether the effects of the exchange of such par-
ticles can be differentiated from those conventionally associ-

fons from the SM values for observables associated with the

processegte” —ff.)
Wr=NijLiLEg+ N LiQjDk+ N[ UiDiDg+ €LiH, In many cases it will be quite straightforward to differen-
(1) tiate these two alternative sources of new physics. For ex-
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ample, if a new resonance is actually produced and is found TABLE I. Reactions that can be mediated Bis if only one

to dominantly decay to SUSY partners, including gauginos)Yukawa coupling in the.LE® term of the superpotential is large.
or violate lepton number, we will know immediately that the Thesand/ort in the right hand column labels the exchange channel.
new particle is most probably a sfermion with couplings that

result from R-parity violation. If, on the otherhand, such a Reaction Yakawa coupling Excharige
particle were to be produced at a lepton or hadron collideg+e-_, ot~ o1 B .(s.t)
and dominantly decay to SM fields, the angular distribution Nias 7}”(5 t)
of the final state products, either leptons or jets, would con-+ ~utus N1zt (1)

clusively tell ug[6] the spin of the resonance given sufficient

. - . A 7,(t
statistics, i.e., several hundred events. We will not be con- )\122 ;ﬂ((t))
cerned with this scenario below. 132 ST

o : Ao31 (1)

The situation becomes far more uncertain, however, Wheme, . \ -
below threshold exchanges are involved and the existence 6 € —7 7 - f"(t)
the interaction produced by the new particle is uncovered 181 fe()
only through its modification of cross sections and asymme- N33 ff(t)
tries for SM processes. As an example, both a leptophobic N231 7u(t)

and a squark coupling via tHa-violating U°D°D°® term in
Wg can alter the angular distribution of dijets via an
s-channel exchange below threshold at the Tevatron.ribts
so obvious that these two scenarios can be easily, if at al
distinguished by a detailed analysis of these deviations.
Since we are concerned here with NLC physics we will
by necessity limit our attention solely to the trilinear

this analysis. In the case when only one nonzero Yukawa
oupling is present, Table | informs us thas may contrib-
te to either™e”—utu™ or 77 7~ viat-channel exchange
while e"e” —e*e” receives botls- andt-channel contribu-
tions. Note that if theNiy1, Nq31 OF Np3q are nonzeroy
exchange of different flavors can contribute to deviations in

L-violating terms |_n.the superpotential. If only thelE more than one final state. Table Il shows us that if two Yuka-
terms are present it is clear that only the observables assoGlroc are simultaneously large, most final states are lepton

ated with leptonic processes will be affected by the eXChang?amin number violating, e.ge* e —e* . In such cases,

of 7’s in the s or t channels or both and no input into the the separation of th&' and R-parity violation scenarios

analysis fror_n hadr?” collider experiments is possible. On th%vould again be straightforward since it is very unlikely that
otherhand, iflQD" terms are also present then tie= a TeV mas¥Z’ would have large lepton family number vio-

— 1/3 final Etates at Iinear_ colliders will~also potentially be lating couplings. However, we also see from this table that if
affected byv exchange. Simultaneouslyiaresonance may only the product of Yukawas o\ »ss OF A 137\ 53, iS NONZETO

T o o el a1 henschannel exchange wild connbile 1o e 7o
y piing *u~ final state, respectively. Putting this together with the

first generation down-type quarks is sizeable. In the analySigesults of Table | we see that if either of these two products
below we will consider for simplicity only the former situa-

L : ; of Yukawa couplings is nonzero all possible leptonic final
tion; the extension of our analysis to the more general cas

involving final state quarks is quite straightforward. This im—gtateS may receive contributions froRiparity violating v
) 9 ate qua q alg ) exchanges. We now turn to a study of these various cases.
plies that we will be directly comparing thechannel ex-

chanae of an essentiallv hadrophoBicwith 3 exchandes The organization of this paper is as follows. In Sec. Il of
9 . ,y P v 98S-  this paper we consider the case where’the exchanged in
How does a generig’ couple to leptons? In most GUT-

: . . .
type modelsZ’ couplings are both flavor diagonal and uni- 1) E |, e*e- final states that can result fréinexchange in

versal, i.e., generation independent. However, 't,'s easy lthe s and/ort channels if two Yukawa couplings in thel E€ term
construct more generalized mod¢B| where theZ’' cou-  of the superpotential are simultaneously nonzero.

plings remain flavor diagonal but are rendered generation

dependent. It is this specific class 6f models which we  yukawa couplings Final state Exchattgle
will consider below since they mimiz’'s most closely. Thus, —
while observingdifferent deviations in theete™—e*e™, Mi21N122 en vu(S:t)
w*n” and 7t 7 processes might be considered a unique =~ Mizihizs er v,(s,1)
R-parity violating signature, we see here that this need not be ~ M121t2a1 er 7,(S)
generally true, i.e., universality violation is not necessarily a  Maih 232 M7 7,(s)
smoking gun signal foR-parity violation. N121h 233 T 7,(s)
The conventional approach in analyziRgparity violating Ni1ooh 123 nT V(1)
phenomenology is to consider the case where only one or Aj3hi3 en V,(s,1)
two of the Yukawa couplings iWg can be significantly N13iN133 er V.(s,t)
large at a time[5,6]. If we follow this approach we can N1z 231 eu 7.(8)
immediately write down which reactions are modified $y N3N p32 yn 7.(s)
or t-channelv exchanges for a given nonzexar pair of\’s N131M233 ur 7.(s)
at the NLC. For simplicity, any small mass splittings be- N 13N 133 ur (t)

tween sneutrinos and anti-sneutrinos will be igndred] in
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the t channel leading to modifications in the reactions 12000 r—r—

e"e —u*u” andlor 7t 7. s-channel exchange is dis-
cussed in Sec. Il and Bhabha scattering in Sec. IV. Our
summary and conclusions can be found in Sec. V. We note
that although we have only considered the cas®-pfrity
exchanges in theand/ort channels in this paper the analysis
we follow can be easily adapted to other possible scalar
higher spin exchanges.

10000
8000

6000

M (GeV)

Il. t-CHANNEL 7 EXCHANGE 4000
In this section we will compare and contrast thehannel

Z' contribution toe*e"—u* u” or 77 7~ with that of a%

in thet channel. To be specific, in the numerical analysis that

follows we will conside a 1 TeV NLC with an integrated

luminosity of 150 fb . The extension to other colliders with FIG. 1. Indirect search reach forchannel exchangei's as a

different center of mass energies and integrated luminositie§ ction of their mass from the processe —u'u or 7' 7 at

is straightforward and can be partially obtained through &, 1 Tev NLC with an integrated luminosity af=150 fo~* includ-

2000

simple scaling relationgl1]. With this luminosity almost all
errors will be statistically dominated. Followiri@] the no-
tational conventions of Kalinowsket al., the differential

cross section for the proces§e*—>ff_, wheref=pu or 7,
allowing for possiblg-channely or s-channelZ’ exchange,
can be written as

do ma?

dz  8s

1+P 1-P
v I I

.

1+P 1-P
Fao o e 5 ]
wherez=cos#, the angle with respect to tree beam and
tr=1+Pz(g})?@ P20} 9] @0,

S =1+P(g)%®P, g8 gk @0,

’ ! 1
flL=1+P20{gR& P2 0 O ® 5GPy,

! ! 1
f3r=1+P,08gf® P, g3 0l @ ECth;,

()
Where PZ‘ZIZS/(S_M;Z,‘f’iszzrrzlzr):S/(s_M;Z,)
provides an adequate approximation th§<S<M§,,
Pl=s/(t—m?) with t=—s(1-2)/2, C;=\?/4ma, with

ing the effects of initial state radiation. The discovery region lies
below the curve.

soon seg This single beam polarization allows us to con-
struct az-dependent left-right asymmetr, r(2):

ALr(2)
_ (23Rl [ fR (1= 2)%{| 7, [~ [ FRd )
(L+2){| R+ [fRZ + (=¥ [P+ [ FRA%)
4

For aZ’ or 7 with fixed couplings the first question one
must address is the search reach for either particle assuming
that only one of theu* ™ or 7" 7~ final states is affected.

In the Z' case, this result is essentially already documented
[12]; for typical coupling strengths the search reach f&'a

is (4.5-7)+/s with the lower end of the range being the most
relevant in our case due to the fact that only leptonic observ-
ables of a given flavor are now employed to set the limit. A
similar analysis following an identical approach leads to Fig.
1 which shows the corresponding reach#agxchange in the

t channel. As in th&' case, for a fixed coupling strength we
examine the deviations in the binned distributions for both
the conventional production cross section as welhag(z)

as functions of th& mass accounting for both statistical and
systematic errors after angular acceptance cuts of 10° are
imposed. Lepton identification efficiencies of 100% are as-
sumed for all three generations. The dominant systematic
errors in the case of lepton final states are those associated

being the relevant Yukawa coupling from the superpotentialyith uncertainties in the machine luminosity and the beam
and theZ andZ' gauge couplings are normalized such thatpolarization which we take from Ref12]. As we lower the

gf=c(—1/2+x) and gg=cx with x=sir*4, and c

7 mass from some initially very large value, the new physics

={V2GeM%/ma}'? By “@” in the equation above we effects become sufficiently large in comparison to the antici-
mean that we may choose either term, i.e., the term after theated errors that the discovery of some type of new physics

first & corresponds to a potenti@l' contribution while that
after the secondp arises due td-channel? exchange. In

addition, we note that the parameterin the expression

can be claimed. For more details of this procedure see Ref.
[12]. It is important to remember that these search reaches
areonly telling us that new physics beyond the SM is defi-

above represents the polarization of the incoming electromitely present but not what its nature may be. It is clear that

beam, which we take to be 90% in our analysis belav

only for a somewhat lighte’ or 7 would sufficient statis-

though its specific value will not be too important as we will tics be available to differentiate the two new physics sources.
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FIG. 2. Binned angular distribution for the processe”
—utu” orrtr atal TeV NLC in the SMhistogram and for
the case whera 3 TeVv with A =0.5 exchanged in thechannel
also contributes. The errors are statistical only and represent an
integrated luminosity ofL=150fb"%. Initial state radiation has r
been included. 800 -

1200 T

1000 |

The angular distribution and, r(z) provide us with po- = ;

tential tools to attack this problem. Unfortunateky, r(2) -
and/or the angular averaged quantify,z, is numerically 400 1
small ats=1TeV and relatively poorly determined with '

integrated luminosities of 150 3. For example, in the SM
one findsA g=(6.31+1.06)% assuming only statistical er- r
rors. In the numerical examples we will consider beldwg L E— o o5
is found to vary by no more thar0.50 from this SM value  (p)
and is thus not a good discriminator betweghand? ex-
changes. This leaves us solely with the angular distribution FIG. 3. Same as the previous figure but now inclgdin3 TeV
with which to work and we will thus neglect the effects Z' exchange in the channel. The magnitude of &I' couplings is
associated with single beam polarization in what follows. Wetaken to be the same value, i.¢gﬁy*Rf |=0.3c, for purposes of
note, however, that i exchange were to modify hadronic demonstration. In the top panel, the relative signs of
final states via theeQD°® term in the superpotential we (gf’ ,g?}’,g{/,gg) are chosen to bé+,—,+,—)[(+,+,+,+)] for
would find a significantly larger and much more useful valuethe uppeflower] series of data points, while in the bottom panel
of Ay for those states. they correspond to the choicés,—,—,+)[(+,+,—,—)] for the up-
At first glance one would think that these two new physicspeflower] series, respectively.
models are easily separable since the exchanges are in dis-
tinct channels. This is true provided we are reasonably se
sitive to thet-dependent part of th& propagator which
would certainly not be the case if we were in the the contac
interaction limit, i.e.,s, |t|<M§,5I. (As we will see below,
this parameter space region is quite larg¢ow doesZ’ and
7 exchange influence the angular distributions? Figure
S.hOW.S the bin—integraFed angular distNribution for Ehparity depending on the choice of relative signs, #ieexchange
violating case assumin§=0.5 and & mass of 3 TeVin .51 jeaq 0 positive or negative modifications in the distribu-
comparison to that for the SM. Here we see the general fegi,p, iy poth the positive and negative rangeszo€learly if
ture that at Ieirge positive the two dlstrlbut!ons completely' these four couplings were allowed to vary freely almost any
agree but th& exchange causes a depletion of events witheasonable shift in the distribution could be obtainable. We
negativez. We note from the figure that this depletion is would thus expect that some choicezsf couplings could be
clearly statistically meaningful. This result will hold for all made to completely simulate thesignal (see Fig. 4.
interesting mass and coupling values and thus we learn that How would the analysis then proceed? The exact form of
if an increaseof the angular distribution is observed for the angular distribution given above suggests the following
negativez the new physics that accounts forc&nnotarise  approach: once deviations in the distribution are observed a
from R-parity violation and may be attributable toZ. two parameter fit of the data could be performed to a trial
In the Z' case assuming a fixed gauged boson mass, weistribution of the form

200

oo by b by b o 1 P

r‘Have four couplings that we can freely vary, ig{;’Rf' . For
simplicity we will assume that all these couplings have the
same magnitudébut we strongly emphasize that this need

not be the casei.e., |gff,{':O.3c, and in this case the four
ossible relative sign combinations can lead to quite differ-
nt angular distributions as shown in Fig. 3. Here we see that
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FIG. 4. 95% C.L. fits to the values ok and B for the data FIG. 5. Average confidence level of the best fit to the param-

generated withy exchangegdashed regionand for the data gener- €tersA andB as a function of th& mass in the case ¢fchannely
ated for the four possible choices Bf couplings(dots. The SM  exchange for various values of the Yukawa couplinig the range
result is represented by the square in the center of the figure whil@-3 to 1.0 in steps of 0.1 from top left to lower right.
the diamonds are the locations of the best fits.

As discussed above, when the value \dim;, becomes

sufficiently large it will become apparent that the fit with a
constantB will no longer provide a good fit. Exactly when
~A(1+2)24+B(1-2)% (5)  does this happen? To address this question we vary both
dz and thér mass and perform a multitude of fits assuming that
A andB are constant and obtain the confidence level of the
where from the exact expression above we see fhat bgst fit for gach case. The result of _this analys_is is shown.in
~|fS a2+ |F5,2 and B~ |fS |2+|fS42. A fit to this distri- Fig. 5. In this figure we see that typically one finds that this

bution may isolate whether the new physics occurs in thdYPe Of fit lbegins to fail in a qualitative way whex/n,
value of coefficientAB. or both. In the SM and’ cases =0-5TeV ™. For much smaller values of this parameter, as

both A and B are constants, buB picks up an additionat in the sample case above, the data will be insensitive to the

dependence in the case Bfexchange. If this additionat nature of tha-channel exchange and we will be living in the

dependence is strong, i.e., we are not in the contact intera%ontaa interaction limit of parameter space. How does this

tion limit, then they? of the fit assuming a constaBtin the ~ Pound scale with the collider energy? Since trehannel

case ofi exchange will be poor. Let us consider the “data” exchange interferes directly with the SM contribution, as-
P . : lsuming that most of the error is statistical in origin, we ex-

ect the bound on the ratid/nt, to roughly scale as
(L-s)~ ¥4 whereL in the integrated luminosity anslin
e machine center of mass energy.

do

purposes of demonstration; the result of the fitting procedur@
for these sample cases is shown in Fig. 4. Here we see thé}:[
all five sets of “data” lie quite a distance from the SM point t
clearly indicating the presence of new physics at a high con-
fidence level. In the case @fexchange we see that the value
of A arising from the fit is in excellent agreement with the ll. sCHANNEL % EXCHANGE

expectations of the SM, while in thé’ case the values of When aZ’ or % are exchanged in thechannel, the gen-

both A and B have been altered. Note that all five allowed : ; .
. o eral form of the cross section with a polarized electron beam
regions are statistically well separated from each other. Fur:

thermore, in all cases the resulting confidence l¢€el.) of can be written as

the fits are very good indicating no special sensitivity to any

variation in the value oB with z for 7 exchange(Numeri- do ma? | 1+P o, 1- s |2
cally, we find the bin-averaged value Bfto vary between dz  8s (1+2) T|fLR| + T|fRL|
0.546 and 0.518 as we go from large negative to large posi-

tive z.) Given the distribution of th&' results one can imag- 1+ —

ine that a suitably chosen conspiratorial set of values for the + (1—2)2[T|ffL|2+ T'fSRR|2]
couplingsgf*}é could lead to a substantial overlap with the

extractedy coupling region in which case the two new phys- 1+P ., 1+P

ics sources would not be distinguishable. Except for this con- 4 T|fLL| + T|fRR| ) (6)

spiratorial region, however, it would appear that the fits to
the angular distribution do provide a technique to separate
these two SM extensions. Whereffj are obtainable above and
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. FIG. 7. Average confidence level of the best fit to the param-
FIG. 6. Same as Fig. 1 but now ferchannel> exchange. Here etersA andB as a function of th& mass in the case afchannelv

2 - )
Ao equals the product of the relevant Yukawa couplings in th.eexchange for various values of the Yukawa couphngdn the range

superpotential. The typical region excluded by low energy data 1% 3 10 1.0 in steps of 0.1 from tob left to lower right
that below the dashed curve in the lower right hand corner. ' ' P ' P gnt.

. . ’ masses, as in the above example, we see that the CL of the fit
fli=frr=0 (Z'), is always quite good. In the opposite limit, the fit fails and
the CL is quite small. Typically, we see that the fit begins to
1 fail qualitatively when \y/m;=0.25-0.30 TeV'. This
fl = ftRR=§C~VP~i (?), (7) reach in coupling-mass parameter space is not very good and
so we seek other observables with which to extend our reach.
In the case where a pair is being produced in the final
with P%=S/(S—m%+im;,l";):s/(s— m%) in the same limit State we can employ a clever idea used by Bar-Shalom,
as employed above. Our first step here is to determine thiilam and Son{BES) [6] in a somewhat different context. If
search reach for & being exchanged in thechannel. Our the 7 spins can be analyzed, a spin-spin correlation can be
standard analysis yields the results shown in Fig. 6; note thdermed which is sensitive to the spin of any new particle
the search reach for a fixed valueXqfis somewhat larger in ~ €xchanged in the channel. Integrating over all production
thet channel than in the channel but generally comparable angles, this quantity can be written as an asymmetry:
in magnitude. Note that heoeéz)\l)\z, with A ¢ being the 3
values of the Yukawa couplings for tle to initial state [£8 ]2+ 512+ [ FoRl2+ | £5R12— = (! |2+]fLR12)
electrons and the fermiohin the final state. B. — 4
As before a short analysis demonstrates that single beam #* S 12 165 12 1es 12 tes 12 B et 120 et 12 '
polarization will not help distinguish these two new physics [TeRI*+ TRl “+ [fLRI“+[ LRI+ Z(lfLL| +|frel®)
models due the small value of the resulting asymmetry, so (9)
we setP=0 and again examine the angular distribution.
First, we note that when a is exchanged in the-channel where we see immediately that for the case of the SM2t a
the angular distribution picks up a constant, i.e.,one obtainsB,,=1 whereas & exchange in thes channel

z-independent term: will force this observable to smaller, even negative values. In
g Fig. 8 we display the value of the asymmeBy, as a func-
vo - 2 2 tion of the” mass for several values of,. Even if the
dz Al+2)°+B(1=-2)"+C, ® efficiency for making this spin-spin correlation measurement

is only 50%, the anticipated statistical error on this quantity
with A,B given as before and het@~2[C;P;]%. As ex-  will be of order 1% since there are about 90Ppairs in the
pected, when the value of the consténis sufficiently large  data sample. Thus a value Bf, below =0.95 would pro-
it will become apparent that the resulting fit which assumewide a very strong indication that there is a scalar exchange
that only A and B are present is no longer valid due to an in thes-channel. From the figure we see that this implies that
increase iny® and a lower confidence level. However, for the parameter space regibg/m;=0.15—0.20 TeV* would
moderate coupling strengths we find that it is possible tacertainly be probed by such measurements. Unfortunately,
adjust the values oA andB to mask the contributions of the this technique does not help us in the case of a corresponding
C term. In Fig. 7 we show the CL obtained by performing at-channel exchange.
large number of fits to the paramet&ksand B for different It is apparent that for nom-pair final states we cannot use
values of both\, and the? mass from generating “data” this trick. While we have already observed that single beam
samples via Monte Carlo simulation. For smejfs or large  polarization is not useful, iboth initial beams can be polar-
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ized[13] more observables can be investigated. In this casejalues for the Yukawa coupling,. Since the statistical er-
integration overz gives the following expression for the ror onAgoupieiS again expected to be somewhat less than 1%
cross section with two polarized beams: for our assumed integrated luminosig value of 0.86% is
obtained for the SMit is clear that for values ohy/n
o(Py,Po)~[LL[f3RI*+|fL% + [RRI{| f& | *+ 2<%} >0.15-0.20 TeV?, a statistically significant signal for sca-
3 lar s-channel exchange will be observed. This reach is quite
+ Z[LRNIfLL2+]Frd 2, (10)  comparable to that obtained using the double spin asymme-
4 try technique discussed above and is superior to that found
by an examination of the angular distribution alone. How
does this bound scale with the collider energy? Since the
1 s-channely exchange does not directly interfere with the SM
[LL]= Z[1+ Pi+Py+P,P5], contribution, assuming that most of the error is statistical in
origin, we expect the bound on the ratidnt, to roughly
1 scale as~(L-s% Y8 whereL in the integrated luminosity
[RR]= Z[l_ P,—P,+P,P,], ands in the machine center of mass energy.

where we have employed the notatiidi#],

1 IV. BHABHA SCATTERING
[LR]=5[1-P1P2], 11

2 Bhabha scattering represents the most difficult case of the
ones we have considered singeand Z exchanges are al-
ready present in both theandt channels in the SM and in
Stict the t-channely pole dominates. Allowing fors- and
t-channelz’ or 7 exchange for the case where both electron

and positron beams are polarized, the differential cross sec-

tion can be written as

with Py, being the polarizations of the incoming electron
and positron beam respectively. From these cross section
double polarization asymmetry can be obtained:

_o(+,+)+o(=,~)~o(—,+)~o(+,~)
Adouble=™ S T T o(—, ) Fo(—, F) Fo(F,—)"
(12

do _ ma? 2 s |2 s |2 t |2
Let us assume tha, =P, =0.90 whileP,= P, =0.65as gz~ gg (LT AILLIIFRI“+[RRI[fR*+[LL]|f A
given in Ref.[13]; we then calculateAy,,pie readily and
obtain a value of 0.585 for both the SM and wheg ‘ais +[RR]|fRr 2+ 2[LL]f RfL g+ 2[RRI fR}
present. However, as in the caseBf,, the presence ¢F ) s 12 s 12
exchange in thes-channel can lead to significantly smaller (1= X[LL]IfE [+ [RR][fRe %}
values of A . It is interesting to note that this double t o2 ft |2
polarizationdgusb)l/%metry would n(?t have helped in the case of T2ALRKITL™+ el . (13
t-channel? exchange since it and thé’ contribute to the
same amplitudes. where thefisj can be obtained from the expressions above

Figure 9 shows the set of results obtained AQg,,cin and

this case as a function of the mass of Thassuming various

10 —
0o | — ]
08 [ — 7]
[ ] K] 1
— Q 4
N 07 | . 3
N d L] -
/M 1 < —
0.6 I -] 4
05 | - |
. ool WV LA e e L
L | | | ] 2000 2500 3000 3500 4000 4500 5000
0.q Loy L
2000 2500 3000 3500 4000 4500 5000 M (GeV)

M (GeV)
FIG. 9. The double polarization asymmetAjoupie, as a func-

FIG. 8. Doubler spin asymmetrytaa 1 TeV NLC as a function tion of the? mass &a 1 TeV NLC for different choices ok,.
of the? mass for different values of the Yukawa couplixng. From From left to right,\, varies from 0.3 to 1.0 in steps of 0.1. The
left to right, Ao varies from 0.3 to 1.0 in steps of 0.1 as in the dotted curve corresponds to the value obtained for both the SM and
previous figure. In the case of either the SM aZ'a B,,=1. in the case of &'.
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FIG. 10. Same as Fig. 2 but now for the case of Bhabha scat- FIG. 11. Same as the previous figure but now for a 3/Zé\in
tering. Angular cuts as described in the text have been employed tcomparison to the SM. The uppkawer) set of data points corre-
render the cross section finite in the forward direction. sponds tag® =g& =0.5¢(g% = —g& = 0.5¢c).

Fig. 11, when the product &’ couplinggf'geR'>(<)0, the

resulting cross section is seen to increédecreasgin this

case.

s From this discussion it is clear that using the Bhabha scat-

frL= I PL(gR)?® P}, (g%)?®0, tering angular distribution alone it will be possible to easily
distinguish new physics in the form ofiafrom aZ’ when

g¢'g% <0. When the product of’ couplings have the op-
posite sign we need to use an additional observable. One
immediate possibility is to emplofyoupe @S defined above
in the case that both initial beams are polarized. However,
s o1 due to the dominance of the photon polezatl we limit
fhe= it PLgtgg® P, g% g8 @ 5CPs, ourselves to events with< 0; for the SM this corresponds to
(14) about 7000 events when the integrated luminosity is 150
fo~l at a 1 TeV NLC after initial state radiatioiSR) and
ivesA SM)=—0.273+0.011, obtained by takin
with Py ,,=s/(t=M3 ;,). The search reaches foiz4 or 7 g=0.90 ?ﬁgig(z:O).GS as in the discussion ab0\>/e. A sgén of
in this channel are found to be_ very comparable to that of thgne ) and? mass parameter space leads us to the observation
case ofs-channel exchange discussed above. that? exchange always decreases the value of the asymmetry
To examine this cross section in any detail, angular cut$om that obtained in the case of the SEI. exchange also
are necessary due to the photon pole in the forward directionnqgifies the value of this asymmetry; unfortunately we find
We first employ a weak cut dfz| <0.985, corresponding to that forgf/gﬁl>0, Agousic als0 decreases as it does for the

6#=10°, which is motivated by detector requiremefts]. - h Thud d ¢ hel |
This has little effect in the backward direction and leaves arfaS¢ OV €xchange. 1Nusgoupie A0ES NOL NEIP US resolve
his potential ambiguity in the case of Bhabha scattering.

enormous rate in the forward direction. To further tame the
cross section in this direction we strengthen this cuizto

<0.95 to remove more of the photon pole. The result of this
procedure for the SM and for the caskao3 TeV % with A V. DISCUSSION AND CONCLUSION

=0.5 is shown in Fig. 10 for a/s=1TeV NLC assuming In this paper we have considered the problem of how to
unpolarized beams and an integrated luminosity of 158.fb  distinguish two potential new physics scenarios from each
As one might expect, the distribution in the far forward di- other below the threshold for direct production of new par-
rection is overwhelmingly dominated by the photon pole andicles at the NLC: R-parity violation and a extension of the
hence there is no signal for new physics there even with th&M gauge group by an additiondi(1) factor. Both kinds of
large statistics available. In the backwards direction,the new physics can lead to qualitatively similar alterations in
exchange is seen to lead to a characteristic and statisticallyM cross sections, angular distributions and various asym-
significant increase in the cross section above that predictegietries but differ in detail. These detailed differences pro-
by the SM. Sincér exchange can only increase the crossvide the key to the two major weapons that are useful in
section in the backward region, any observed decrease in ttleecomplishing our task: (i) the angular distribution of the
cross section may be attributable t&Za As can be seen in final state fermion andi) an asymmetry formed by polariz-

S '
flr= 1+ P2(gD)’® P (g} )?@0,

S roor 1
flL=1 +PXOLgR® P 0f gk @ 5 CiPs.,
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