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PHYSICAL REVIEW D, VOLUME 64, 115002

Selectron studies ate"e~ and ete™ colliders

Jonathan L. Ferly
Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Michael E. Peskih
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309
(Received 17 May 2001; published 19 October 2001

Selectrons may be studied in bahe™ ande®e™ collisions at future linear colliders. Relative¢d e, the
e~ e~ mode benefits from negligible backgrounds aghdhreshold behavior for identical selectron pair pro-
duction, but suffers from luminosity degradation and increased initial state radiation and beamstrahlung. We
include all of these effects and compare the potential for selectron mass measurements in the two modes. The
virtues of thee”e™ collider far outweigh its disadvantages. In particular, the selectron mass may be measured
to 100 MeV with atotal integrated luminosity of 1 fb!, while more than 100 fb! is required ine™e™
collisions for similar precision.

DOI: 10.1103/PhysRevD.64.115002 PACS nuni$er11.30.Pb, 12.60.Jv, 13.88e, 14.80.Ly

I. INTRODUCTION violation [9], and superobliqgue parametg¢dD,11] has been
considered previously.

If new particles exist at the weak scale, linear colliders are Here we explore the potential @ e~ collisions for se-
likely to play an important role in determining their proper- lectron threshold mass measurements. Precise measurements
ties and illuminating their relationships to electroweak sym-0f superparticle masses are required to determine the param-
metry breaking. This is especially true for supersymmetriceters of the weak-scale supersymmetric Lagrangian and, ul-
particles. Ine*e~ collisions, linear colliders produce super- fimately, the underlying theory at shorter length scqle®.
partners democratically, and the ability to specify the initial Threshold scans have great potential, but are sensitive to
partons’ energies an@n the case of electronspins makes beam luminosity profiles. We consider realistic beam designs
possible a rich program of highly model-independent mea@S recently implemented in theandora simulation package
surements1] [13]. These include the effects of initial state radiatit®R),

The flexibility of the linear collider program is further beamstrahlung, beam energy spread, and the luminosity re-
enhanced by the possibility & e~, ey, and yy colli- duction appropriate foe” e~ collisions. While all of these
sions. Thee e~ possibility is a prerequisite for the” y and effects degrade the results, they are more than compensated

vy modes, as highly polarized beams are required to producfgr by the intrinsic benefits o~ e~ collisions. We show, in

high-energy backscattered photons. e~ mode is also particular, that selectron mass measurements at the part per

an inexpensive and technologically trivial extension, andmII level maxkl)e achieved with a tota+l |r1tegrated Iumlposny
of Liyx=1 fb™~. In contrast, for thee™e™ mode, we find

provides an ideal environment for studying beam polariza—hat aven ianoring possibly large backarounds. similar ore-
tion, certain precision electroweak observables, and a variety. .’ 9 gp y larg 9 ' P

i . N . ision requires well over 100 fi}. Our e*e™ results are
of exotic new physics possibilities. Studies of these and Otherrou hly similar to those of previous studigist, 15, although
topics may be found in Ref§2—4. gnly P e g

In th ¢ ¢ lectric ch d lent differing quantitatively. Thee” e~ mode therefore provides
N the case of supersymmetry, electric charge and lep 0ﬁlcomparable opportunities for high precision selectron mass
number conservation imply that, in simple models, only se

) T ‘measurements with very little investment of luminosity.
lectrons are readily produced &1 e~ mode[5]. However,
these same symmetries also eliminate many potential back-
grounds to selectron events. In addition, the unique quantum
numbers of thee” e initial state imply that threshold cross Selectron pair production & e~ colliders takes place
sections for identical selectron pair production are proporthrough the processes shown in Fig. 1. In general, each final
tional to B3, the velocity of the produced selectrons. They state selectron may be eitheg or'e, , and all four neutrali-

therefore rise much more sharply thanene™ collisions, 45,9 are exchanged in thechannel. General characteris-
where the threshold cross section is proportiongBto For

Il. SELECTRON PRODUCTION AND DECAY

these and other reasons to be described belowgettes e ____ e
mode provides a promising environment for studies of selec-
trons, and sleptons in genefd,7]. The potential ofe"e™ x°
colliders for high precision studies of slepton flay8t, CP
e — 1 __ é”
*Email address: jif@mit.edu FIG. 1. Selectron pair productioe”e”—ee~, mediated by
TEmail address: mpeskin@slac.stanford.edu t-channel neutralino exchange.
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tics of this production mechanism are discussed in Re. 2500 - B

In this study, we focus on the case?qZ{' pair production. C ]
Right-handed sleptons are neutral under both(33land 2000 - B
SU(2) interactions. In many supersymmetric models, they C ]
are therefore the lightest scalars and so the most likely to be b ]
within kinematic reach of linear colliders. Foe e~ :_%1500 F B
—egeg, only t-channelB-ino exchange contributes. For 5 1000 - ]
simplicity, we will assume that the lightest neutraligds a C ]
pureB-ino with massm, =M, and we neglect the possibil- 500 E B
ity of slepton flavor violation(These assumptions may be r ]
tested experimentally at a linear collider, as we discuss in o: ]

Sec. VI) The production cross section fer e” —ereg ,
then, depends on only two supersymmetry parametezs,

andM . The differential cross section is

300 520 ey
Ecm.(GeV)

FIG. 2. Threshold behavior for-(e e —eger) (upper two
1 contoury and o(e‘e —eneg) (lower two  contours  for
’ (méR,mX)=(150 GeV,100 GeV). In each pair, the dotted curve
neglects all beam effects, and the solid curve includes the ISR/

where the factoM% in the numerator arises from the Majo- bea_mstrahlung and E)erilm energy spread of the NLC500H flat beam
design. Results foe" e~ EE500 round beamg&dashed are also

fana mass Insgrtlonfreiqw[eilfn tBenO, prppagator. shown. Beam polarizatiorB,-=0.8 andP.+=0 are assumed, and
In the reactione e” —egeg, the initial state of tWO he selectron width is included.

right-handed electrons has angular momentus0. The

selectrons may then be produced inSamave state, and so at

do  o®M?
dQ 2 code,,

1t
t—-M2 u-M?

threshold the cross section rises @sthe velocity of the ing approximate parametrizations which treat the two beams
, . : . independently. For ISR, we use the structure function pre-
outgoing s¢ Ie~ctrons. This contrasts sharply with the beh"jw'oéncriprt)ion witr>1/ the form of the structure function sugges?ed
of e"e” —egeg . In that reaction, the initial state is a right- by Skrzypek and Jadadh7]. For beamstrahlung, we gener-
handed electron and a Ieft—handed_ positron, and solLhas gaie the spectrum from an approximate integral equ4ti@h
=1. Selectrons are then necessarily produced Mwave  \hich improves upon the treatment of Yokoya and Chen
state, and the cross section rises gfsat threshold. This [19]. This procedure makes use of phenomenological param-
conclusion is based solely on the properties of the initial anctrizations of beam disruption at the collision due to Chen
final states and is independent of the relative importance ot g1 [20,21] for e*e~ and to Thompson and Ché@2,23

the t- ands-channel contributions te" e —eq ey . for e"e™. For beam energy spread, we take a flat distribution
Once produced, selectrons must decay. In supergravityith a full width of 1% [24].
frameworks, they typically decay vigg —e~ x. For aB-ino The beamstrahlung calculation requires a set of accelera-
x, the width is tor parameters. Foe*e™, we have used the Next Linear
Collider (NLC) high-luminosity parameter set NLC500H
an m. | 212 [25]. Fore” e, we have used the same parameter set modi-
- = R 1= ) fied for highere” e~ luminosity as suggested by Thompson
R 2cog6, MG, [23]. The NLC500H design uses flat beams. We have also

considered an earlie@ e~ parameter set with round beams

In R-parity violating theories, selectrons may decay to thred26], which we call EE500. In addition, we have carried out
standard model particles, and in theories with low-energyur analysis for the alternative NLC parameter sets
supersymmetry breaking, selectrons may decay to gravitinod§LC500A,B,C. These give threshold cross section shapes
or through three-body modes to staus. If any of these is thalmost identical to those with NLC500H. The luminosities
dominant decay mode, the selectron width is negligible fofor these designs are about a factor of 3 smaller.
calculations of threshold cross sections. The theoretical cross sections before inclusion of beam

The threshold behavior of selectron production is showreffects are given by the dotted contours in Fig. 2. In accord
in Fig. 2 for the Caser‘('[éR,mX)Z(lSO GeV,100 GeV) for Wwith the angular momentum arguments above, ¢he™

bothe" e~ ande”e” modes and the beam designs given in

Table 1. We assume beam polarizatios-=0.8 andPg+ TABLE |. Beam designs considered here.
=0, where
Type Mode  £(300 GeV) (fb Y/yr)
~ Ne— N (3) NLC500H[23]  flat  e'e 78
Nr+Np NLC500H [23] flat ete” 240
Our treatment of the beams includes the effects of initialeesoo[26] round e e 44

state radiation, beamstrahlung, and beam energy spread us

115002-2
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I1l. SIGNAL AND BACKGROUNDS
1500 In supergravity models, which we will focus on here, the
selectron signal i® e”—erez—e e xx. The signal is
two like-sign electrons, each with energy bounded by
’§1ooo -
\b./ max 1 m)z( mg 1/2
E"=3B 1m ollix|1-—| |, @
500 [~ er Ep
whereE,, is the beam energy. At threshold, the electron spec-
o ==+, C trum is monoenergetic. The electrons are emitted isotropi-
295 300 305 310 cally with largepr andZp;#0.

Ecm.(GeV) There are several potential backgrounds to such events,
but they may all be suppressed to negligible levels with little
FIG. 3. Threshold behavior foro(e e —egeg) and effect on the signal. Miter scattering may be eliminated by
(mg,m,)=(150 GeV,100 GeV) with no beam effectdot- a mild acoplanarity cut. Mer scattering with single or
dashedl only ISR/beamstrahlun@lotted, only beam energy spread double bremsstrahlung may be eliminated by requiring non-
(dashedf and both ISR/beamstrahlung and beam energy spreadanishingX py without visible photons in the everitv boson
(solid). P.-=0.8, and the selectron width of E) is assumed.  pair production, a troublesome background to selectron pair
production ine*e collisions, is completely eliminated by

cross section rises rapidly at threshold. In contrastethe™  total lepton number conservation, as is chargino pair produc-
cross section rises extremely slowly. Of course, these threshion, even if kinematically allowed. The two photon process
old behaviors are modified after beam effects are included, a&y—W" W, another troublesome backgrounckine™ col-
seen in the solid contours. For flat beams, however, the adisions, does not produce like-sign electrons. The three-body
vantage ofe” e~ beams is preserved. For example, 10 GeVfinal statee e Z, followed by Z— vv, is a possible back-
above threshold, the”e™ cross section is 990 fb, while the ground. However, the sum of the two electron energies in
e’e” cross section is 2.7 fb. Note that the advantage of thehese events is greater thah[1—m3/(4E2)]. For many

e e  mode is compromised for round beams—féate™ supersymmetry parameters, including those considered here,

beams are essential to preserve the benefits oBttleesh-  this constraint is inconsistent with E@), and so this back-

old behavior ofe"e” —ex e . ground is essentially eliminated by cuts on the electron en-
The importance of various beam effects on thee~  ergies [27]. The backgrounde™ »W™, followed by W~

threshold behavior is illustrated in Figs. 3 and 4. ISR and—e™ v may be suppressed by right-polarizibgth beams.
beamstrahlung are clearly the dominant effects, significantlyrinally, the four-body standard model backgrounds
softening the threshold behavior in all cases. Beam energyvyW~ W~ ande™ vW~Z [28] and the three-body supersym-
spread also smooths out the threshold behavior, most noticenetric backgrounds, such @& »W~ and e eB, all have

ably when the selectron width is negllglble and the Crosgross sections of order 1 fb or |e@]d in some cases may
section would rise sharply at threshold otherwise. Nevertheg|sg pe highly suppressed by beam polarization

less, even after including all beam effects, thee™ cross In the end, the dominant background arises from imper-
section rises rapidly at threshold, and extremely precise meaect right-handed beam polarization leadingeforW ™. Re-
surements are possible, as we will see below. quiring only that both electrons have pseudorapidity-

<3 (5.7°<0,-<174.3°) and energi.->10 GeV, the to-

tal background isB~110 fox (1—Pgs-)2+22 fox (1

- Pi_) at center-of-mass enerdy. , =300 GeV[29]. For
P.-=0.8(0.9), the background i8~5.1 fb (2.4 fb). Re-
quiring further that both electron energies be within the
range given by Eq(4) will reduce the background to well
below the fb level. The resulting background is completely
negligible in ee~ mode, where the signal cross section
quickly rises to hundreds of fb, and cross section measure-
ments at the 1 fb level are unnecessary for high precision
selectron mass measurements.

In addition to the uncertainty in background under the
= L L threshold signal, there is systematic uncertainty associated
205 300 305 310 with the actual knowledge of the machine energy calibration.

Ecm.(GeV) Not only must the beam energy be known, but also the dif-
ferential luminosity spectrum must be measured to predict

FIG. 4. As in Fig. 3, but fol’z ~0. the cross section shape in the threshold region. Fortunately,

1500
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1000 ' -] T ]
: ] 1000 | -
800 [ g 800l E
o 600 4 ~ F ]
é ] é 600 i
© 400 - ® o0 ]
200 |- - 200 |- -
1) S P N E I B R (o) S o P B R B B I
298 300 302 304 306 308 310 298 300 302 304 306 308 310
Ecm.(GeV) Ecm.(GeV)
FIG. 5. Threshold behavior foro(e e —egeg) for FIG. 6. Threshold behavior foro(e e —egeg) for
(ng,mX)=(150 GeV,100 GeV) (solid and for AméR= (m‘eR,mX):(lSO GeV,100 GeV) (solid and for Am,=

+100 MeV (dashedl The error bars give thedl statistical error =10 GeV (dashegl The error bars give the d statistical error
corresponding to 1 fb' per point. P, =0.8, and ISR/ corresponding to 1 fo' per point. P,-=0.8, and ISR/
beamstrahlung, beam energy spread, and the selectron width apeamstrahlung, beam energy spread, and the selectron width are
included. included.

Wilson has studied these issues in some detail for the morgross sections foE. ,,>2nm;_, as a result of the Majorana
m. R

challenging application of measuring thémass t0 6 MeV o «s insertion in Eql), and lower cross sections f&

with a scan of _theW*W* threshold[30]. The beam energy <2nt, , as a result of the decreased width of E2). These
can be determined to a few MeV with an energy spectrom- R . .
eter, as has been done at the Stanford Linear Collider angf€Cts cancel at @, and so the cross section there is
CERN e*e™ collider LEP2. The differential luminosity highly insensitive tom, . Note also that, roughly speaking,
spectrum can be determined from the acollinearity of Bhabh&eviations inmg_ change the normalization of the threshold
events in the detector end caps, and frehe” —Zy events  curve, while deviations inm,, change the slope. These two
in which a forwardZ decays to leptons. Scaling down from effects may therefore be disentangled with data taken at two
the 100 fb proposed by Wilson to 1 fi!, there are still  or more scan points.

ample statistics in these channels to reduce the systematic To determine the precision with whicr‘rreR andM; may
error to much less than 100 MeV. be constrained in a threshold scan, we use the binned likeli-

hood method. We define
IV. MASS DETERMINATION

We now estimate the precision of the selectron mass mea- In £(ng ,Ml)EE N/ InN;(mg_,M 1) —N;(mg_,M ),
. R T R R
surement. ~We  consider the  case mg(,m,) :

=(150 GeV,100 GeV). The threshold behavior for these ®

parameters, as well as ther Istatistical error corresponding \where the sum is over scan poinky. is the measured num-

to1 fo ' at each of seven possible scan points, is shown iher of events at scan poitwhich we take to be the theo-

Fig. 5. We assumé.-=0.8. In addition to suppressing retical prediction given the underlying physical parameters,

background as discussed in Sec. lll, this beam polarizatiogng N,(m_,M,) is the predicted number of events given
R,

. . . 2_ _ . X
Increases the S|gn'al cross section by+-@.-)"=3.24 rela hypothetical parameters;_ and M ;. The parameter I8 is
tive to the unpolarized beam case. R

The threshold curves for deviatiods= = +100 Mey Maximized for the true underlying values of the parameters,
eR -

from the central value are also shown in Fig. 5. Clearly eveﬁaInd the width of the Iit- peak determines the precision with
with 1 fb~? of luminosity, deviations irm(;R of order 100 which these parameters are measured, witk2(In La

S i ~  —InL) the squared standard deviation.
MeV may be distinguished. Note that for a fixed luminosity  The optimal scan strategy depends crucially on what in-
budget, the most stringent constraint wn_ is achieved at  formation is known beforehand from other processes and
Ecm~2me,. which parameter one most hopes to constrain. These are
The identical plot, but for deviationsm, = +10 GeV, is complicated issues. Here we consider two possibilities. First,
given in Fig. 6. For 1 fb?, deviations inm, of order 10 O constrain both parameters, one might split the luminosity
GeV are easily distinguished. For this purpose, howeverevenly betweertt, ,,=2mg_ and 2 _+10 GeV in a “two-
measurements & ,,~2me_ are useless, and the most inci- point scan.”y~ contours in the r(ng,R,Ml) plane are given in

sive constraint is obtained at energies 10 to 20 GeV abovEig. 7. For a total integrated luminosity,,,=10 fb™?, the
threshold. This is easily understood. Largegyimplies larger  90% C.L. (x*>=4.61) ellipse(not shown is bounded by

115002-4
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nm—————7my—— i A
[ T | | ] s
& — 2
LM a L
S 100 a Q I
N’ N’
= b I
L ] 1
95 |- - I
ool v b b [ = _'
ok P A B A I B
149.90  149.95  150.00  150.05  150.10
(GeV) 298 300 302 304 306 308 310

Ecm.(GeV)
FIG. 7. ¥?=1 constraint contours in therf;R,Ml) plane for the
“two-point scan” of o(e e —egeg) for Lik=1 fb* (solid) and
10 fb~! (dashedl The luminosity is divided equally between
E.n=300 GeV and 310 GeW.-=0.8, and ISR/beamstrahlung,
beam energy spread, and the selectron width of Baare included.

FIG. 9. Threshold behavior foro(e‘e —eger) for
(M, m,)=(150 GeV,100 GeV) (solid) and for Amg =
+400 MeV (dashedl The error bars give thed statistical error
corresponding to 100 fi3" per point.P,-=0.8, P,+=0, and ISR/
beamstrahlung, beam energy spread, and the selectron width are
included.

Mg, =150+0.065 GeV andM;=100"; GeV. The neu-
tralino mass is poorly constrained this way, and is likely toneutralino mass is completely unconstrained. However,
be determined more precisely through kinematic end pointggiven some modest constraints on the neutralino mass from
In this case, projecting thg?=1 ellipse down to them;, ~ some other source, we find
axis gives
mg,_-optimized scan:Lf,® =1 (10) fo™*
R e e _ -1
two-point scan:Ly,~ =1 (10) fb =Am; =70 (20) MeV (lo). @
=Anr_ =90 (30) MeV (10). (6)
R .
Selectron mass measurements below the part per mil level

On the other hand, given that the neutralino mass is Iikelyare therefore possible with meager investments of luminos-

to be better measured by other methods, one might simpl'y
desire to constrain the selectron mass. The optimal strategy is .
then to concentrate all of the luminosity & n=2mg_, V. COMPARISON WITH e™e™ MODE

where the sensitivity tomg_ is greatest. Results of ‘this We now compare the results of the previous section with
** mg_-optimized scan” are g|ven in Fig. 8. As expected, thewhat can be achieved i@" e~ collisions. The cross section

o(ete” —>eR eR) rises ag3® at threshold. Values aP(1) fb

HWor——r—r1 7717 TV ] are therefore typical ever 10 GeV above threshold. In ad-
‘ ] dition, backgrounds such as'e” —=W'W ,e"vW"' and
1051 ] yy—W* W~ are large and difficult to eliminate. This con-

1
\
\
' trasts sharply with the™ e~ case, where the signal is large,
|| ] and the analogues of these backgrounds are absent or easily
'| ] suppressed. Detailed studies of these and other backgrounds,
‘ ]
1
|
|
I
|
I
]

as well as the cuts required to remove them, are necessary to
fully understand the potential &* e~ threshold studies. In

] this section we make the most optimistic assumption pos-
] sible, namely, we neglect all backgrounds. Our conclusion

| ] that very large luminosities are requiredeiie” collisions
M Y I N S |

T
149.90  149.95  150.00  150.05  150.10
mg (GeV)

95—

M, (GeV)
g
I

will only be strengthened with more detailed analyses.
In Figs. 9 and 10 we present threshold cross sections for
o(e*e”—egeg) for (mg,m,)=(150 GeV,100 GeV), as
FIG. 8. x*=1 constraint contours in thert;_,M;) plane for the well as for deviations im;_ andm, . The cross sections are
“mg_-optimized scan” of o(e e” —erer) for L=1 fo-t  small, and the statistical error bars shown are for 100 b
(solld) and 10 fb! (dashedl The luminosity is concentrated at Per point, in contrast to the 1 3 assumed in Figs. 5 and 6.
E.m=300 GeV.P, =0.8, and ISR/beamstrahlung, beam energyNote also that, in contrast to tre"e” case, deviations in
spread, and the selectron width of Ef) are included. Mz, andM ; have the same qualitative effect on the threshold
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sl ] two-point scan:LE,® =100 (1000 fb~*
i =Ang =210 (70) MeV (10). 8)

e ]
b I If the B-ino mass is known only to 1 GeV, these bounds
=~ | become
b L

1 — —

Le.® =100 (1000 fb~*
ob FEETET =Anr =290 (140 MeV (1lo). 9

298 300 302 304 306 308 310

Ecm.(GeV)
o Threshold scans in* e~ colliders have been studied pre-

FIG. 10. Threshold behavior foro(e*e”—eser) for  Viously in Refs.[14,15, where measurements of a wide va-
(mg,m,)=(150 GeV,100 GeV) (solid) and for Am,= riety of superparticle masses were considered. While our re-
+4 GeV (dashedl The error bars give thed statistical error cor- ~ Sults agree qualitatively, we are unable to reproduce their
responding to 100 fb! per point. P,-=0.8, P,+=0, and ISR/  results in detail. In Ref[14] the authors consider the sce-
beamstrahlung, beam energy spread, and the selectron width apario (rTTéR,mX)z(l?)Z GeV,71.9 GeV). AssumingP.-

included. =08, Por=—0.6, andL&,® =100 fb ! divided equally
between the ten point&, ,,=265,266...,274 GeV, they
curve—roughly speaking, both change the normalizationfound Amg =50 MeV. With the same assumptions, we find
The effect of increasingrreR is therefore nearly indistin- Amg =90 MeV (1o) if M, is known exactly, and\n
R R

guishable from the effect of decreasiMy, and the degen- _ 170 Mev (10) if M, is known to 1 GeV. Our bounds are

eracy is difficult to remove by threshold scans alone. significantly less stringent—to achievam; =50 MeV, we
As evident in Figs. 9 and 10, data taken at any of the N R

potential scan points provide roughly the same informationfind that at least_g,® =320 fo™* is required. We stress
We consider a two-point scan with luminosity divided again that in both analyses, backgrounds are neglected. Once
equally betweerE, ,,=300 GeV and 310 GeV; results vary included, the achievable precisions éie™ colliders will

little for different scan strategies. The¢ contours are given certainly deteriorate, possibly significantly.

in Fig. 11. As expected, from threshold data it is very diffi-
cult to determinenreR and M, separately. In contrast to the

e e case, one must necessarily rely on kinematic end

points to break this_ degeneracy. Assuming Bimo mass is The e e~ mode is an inexpensive and simple extension
known exactly we find of the linear collider program. We have described an impor-
tant virtue of this mode for studies of supersymmetry,
namely, the measurement of selectron mass at threshold. In
e~ e~ mode, many potential backgrounds to selectron pair
production are simply absent, and those that remain may be
suppressed to negligible levels with double beam polariza-
tion. In addition, the unique quantum numbers of &ee™

initial state lead to large cross sections even slightly above
threshold, in contrast to the caseefe™ colliders. We have
included the ISR/beamstrahlung and beam energy spread of
realistic beam designs and find that selectron mass measure-

VI. SUMMARY AND DISCUSSION

104 —

981 ments below 100 MeV level are possible with only,,
=1 fb~ 1, or less than a week of running at design luminos-
96 L L, Ll ity. In e*e™ collisions, such precision, even ignoring large
149.6 149.8 150.0 150.2 150.4 backgrounds, requires more than two orders of magnitude
mg (GeV) more luminosity.

Throughout this study, we have assumed that the lightest
FIG. 11. y>=1 constraint contours in theng_,M,) plane for  neutralino is a pur&-ino, and that slepton flavor violation is
the “two-point scan” of o(e*e”—ejer) for L,=100 fo-t  absent. Itis, of course, important that these assumptions be
(solid) and 1000 fo! (dashedl The luminosity is divided equally Verifiable experimentally. Note that the results derived here
between the point&.,, =300 GeV and 310 GeW,-=0.8, P+ are not dependent on extremely precise cross section mea-
=0, and ISR/beamstrahlung, beam energy spread, and the selectrsurements. The statistical uncertainties at individual scan
width are included. points are typically of order 10%, and so the impacBeho

115002-6



SELECTRON STUDIES ATe e~ AND e*e” COLLIDERS PHYSICAL REVIEW D 64 115002

purity and other complications need only be constrained t@f the B-ino mass insertion in Fig. 1, the cross section for

be below this level. . . e e —eqey is large even for largdl,, and a high preci-
The neutralino mixing matrix may be constrained mostsjon measurement d¥l, is possible even foM,;~1 TeV
directly by dBCOV?”DQ 6}” four .neutralmos an.d two Ch?‘rG" [6,33]. In addition, the full arsenal of linear collider modes

discovery is guaranteed, and their masses and other obsefy: to the rest of the first generation sleptons through a
ables will allow a highly accurate determination of the neu- *

tralino mass matrix. Alternatively, if some states, such as th€€"! )
Higgsinos, are beyond reach, observables such(as eg e"e” —ere, vyields Mg, ; ete"—yx"x~ yieldsm, -; and

e
+ — 1 ~

—X -X ) .[31,32] mafo)NL{sed to re(-ju-ce the theoretical un-o - y—Tex~ yieldsnr, [34]. The quantityrrreL— us gives a

certainty ino(e”e” —egeg) to sufficient levels. Slepton °

f olati | h h dict o highly model-independent measurement of gaf6]. More
avor vio ation may also change t e pre '.Ct'on tofe e generally, as noted previously, precise measurements of all of
—e € yx). However, the resulting signals, such asiege masses will play an essential role in the program of

o(e e —e u xx) are so spectacular that they will be gyranolating weak-scale parameters to higher-energy scales
stringently bounded, or, if seen, precisely meas{i&dSuch 1, yncover a more fundamental theory of nature.
effects, then, will not lead to large theoretical uncertainties.

Finally, of course, at loop level, many unknown supersym-
metry parameters enter. However, these are unlikely to dis-
rupt the theoretical calculations of threshold cross sections at we thank Claus Blchinger and Kathy Thompson for
the 10% level. helpful conversations and Clemens Heusch for encourage-
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features of thee" e~ H"é,;é;{ reaction. If the lightest super- Department of Energy under Cooperative Research Agree-
symmetric particle is Higgsino-like, or in theories with ment DF-FC02-94ER40818. The work of M.E.P. was sup-
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the B-ino mass parametéf; may be very large. As a result AC03-76SF00515.
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