LB1.-14521
Preprint c a\

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA

o Physics, Computer SCIence &
Mathematics Division REc
| BERKELLAWEEBL’ D
Submitted for Publication Ay i:WORY
’ | 5 1987
HUNTING FOR THE SELECTRON 'DOCzIJA?;Q‘fYANo
SEC‘no

Mary K. Gaillard, Lawrence Hall,
and Ian Hinchliffe

June 1982

—
w2l

“

é»

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 V



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the,
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




June 1982 - . LBL-14521
ok
. HUNTING FOR THE SELECTRON

Mary K. Gaillard
Lawrence Berkeley Laboratory
and o :
Department of Physics
University of California
Berkeley, California 94720
Lawrence Héll+
Lawrence Berkeley Laboratory
~and
Department of Physics
University of California
Berkeley, California 94720
Ian Hinchliffe -
Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

ABSTRACT

The cross section for single selectron production in e+e_
collisions is calculated, and the distribution of its decay ei-
is giveﬂ; Observation of this energetic eir would provide the
first experimental support for models of low energy supersymmetry;
‘it»abseﬁce puts a lower limit_on the selectron mass in excess of

the beam energy.s
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There has been considerablé renewed interest in models of low
energy supersymmetry [1, 2]. In subh‘modeis the fami;iaf particles
of thé standard model are acéompaﬁied by suﬁefsyﬁmetric partners ‘
(sﬁéftiéles) with masses typically. less than a .few hundred.GeV.
Experimeﬁtal constaints on these models -come frdm flavor changing

neutral currents [3], cosmology [4] and. from the non-observation of

- any of the supersymmetric partners. In this paper we concentrate on

the supersymmetric -partner of the electron (sélectron).‘

Squarks and sleptons will be pair produced at e+e— colliders
when the beam energy exceeds their mass. Being heavy they will
rapidly decay into their corresponding quark or 1e§ton aﬁd a photino
or Goldstino. Such events will have an acoplanar e+e_ pair carrying
approximately 50% of /;; These eventé would be quite clear, and
groups at PETRA ﬁave been able to set a selectron mass limit of 16.8
GeV [5], very close to the beam energyf A similar limit appiies to
the smuon and to the stau.. This limit on the smuon mass is an improve—
ment on the previous limit from ng of the muon. In the supersymmetric
limit g-2 vaniéhes because @cuvwFuv is not the highest weight of a
superfield [6]. The preseﬁ£ experimental value of g-2 fqr the muon,
together with ghe theoretical uncertainty, impliesalower limit én the
smuon mass of 13 Gev [7].
In this letter we point out that selectrons ¢an be produced singly
in e+e- collisions. Such eﬁents_would broduce a single ei'with large
transverse energy and large missing gransverse momentum, and could

be used to probe selectron masses considerably in excess of the beam

energy. The process of interest is
+ - %7 : -
ee »e &) . 1)

Ihis limit only applies if the phoﬁino decays within the detector.
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where A is a photino, and the real selectron & subsequently decays
to é—il To leading logarithm in the beam energy (E) divided by the
electron mass (m) the only diagrams which contribute to this process
are those in which one of thé beam particles radiateg‘a real photon.
Since &n E/m 2> 10, this Weizsicker-Williams approximation [8] is rathér
good. The ei which radiates»the real photon is typicaily sc;ttered
by'a small angle (75% are within 4° of beam axis) and will not be
observed. The cross section in such approximations is usually
underestimétéd_by about 257 [9]; contributions from events with off
shell photons are’ignored;. The cross section for producing selectrons
of mass M is

+ - + .F 1 ¥ -

do(e'e » ema&") :J- dyF(y)do(ye" - e’ ) (2)
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where F(y) =‘ﬁ§(1 + (l—y)z)zn E/m, x = M—Q and yE is the energy of

4E
the real photon.
Two diagrams (Fig. 1) contribute - to dc(yé: + Aé%). In the limit
that the photino and electron masses are negligible compared with the

beam energy and selectronmass, an anélytic formula for the selectron

production cross section results from a straightforward calculation:

LY R T, £ §~+'18 - Shx + 34x® + 3(3 - 3x - 4x°) nx

o_ . 6.
point . 2
- 9%xgn“x) (3)
ﬁaz : U(M).
where g_ . e =3¢ For E = 20 GeV this gives: ~—= = 5% for
poin 3E ) opoint
M =15 GeV(x = .14),bdropping to oM .15% for M = 30 GeV(x = ,56).
point

Since ¢n E/m changes slowly with E, these values for a given x are

. 4~ )
applicable to both present and proposed e e colliders.

fhe selectron decays very rapidly to an electron and a photino.
The photino lifetime is extremely model depeﬁdent. We consider thé_
case where only the eleqtron is observed, and later discuss the effects
of photino decays. Experimentally the most important quantity is not
the totél selectron production cross section, bﬁt the differential
cross-section for its decay et of energy_Ee. for the decay ei observed.

. + .
at angle Q = 0,¢ to the e beam, we find

2 3 1 o
e e 8TE p'e vy £(y,0)
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where
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and f(y,g) = (L +y) - (L -~ y) cosp. Terms power suppressed by the

. . .
photino or electron mass have been dropped. If the charge of e~ 1is

. B R + -
not observed, the cross sections for observing e and e should be

added. This differential cross section, divided by the y pair cross

section, is plotted against Ee(for 8 = 900) and against cos@

(for Ee = 10 GeV) in Figs. 2 and 3. The integrated forms E%g'and
) e
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are shown in Figures 4 and 5. All plots are for'E = 20 GeV.

To scale these results for other beam energies both E and M should

. be scaled by the same factor. In fact, one gains a little extra at .-

higher beam energies from %n E/m.

It is clear from Figs. 2 and 4 that few events of interest are

~lost by imposing an energy cut on the electron of 40% of the beam

energy. This should help to discriminate against background. Although
the distribution of‘elL is slightly peaked in the forward ei direc;ion,
the production is not far from isotropic. This reflects the fact -
that the selectron decays isotropically in its rest frame, and heavy
selectrons are produced with tow velocities.

. A'useful limit on the selectron mass from this process requires
a sensitivity to these events at the level of 17 of tﬁe p pair cross
sectioﬁ. There is.a background from t pair production where both 1+
and v decay leptonically, and one of the charged leptons is missed.
Since the two charged leptons are almost back to back, this sourcé
of background should not be serious. If.a new heaﬁy lepton of mass ML

"

exists and experiments are pe;formed with £ 2;'%3lthen a back—x
ground from tﬁis ééufce wil; be serious. Other sources of backg?§und,'
such as two-ﬁhbton evénts or e+e_‘+ e+e_y, are more difficult to.
estimate. However such events will fend t; ha&e transverse momeﬁtum
balance. .

We stress -that althougﬁ our calculation is not in a particular
supersymmetrié model, it is applicable only when the photino mass ()
is much smaller than the selectron mass: m‘S M/10. In certain

supersymmetric models the photino is the lightest R odd particle,

and is consequently absolutely stable (for example, see Reference 10).

In almost all models where the photino'is not the lightest R odd particle

and. is lighter than the selectron, the decay is to a Goldstino and a

2
)
o 2
energy. d'is extremely model dependent: it is probably at least (250 GeV)',

photon. The lifetime is where d is the square of the vacuum

but can be as large as (Planck Mass)z. Thus m ™~ 100 MeV corresponds
to a decay length of at least a meter, and only the large transverse
energy electron will be observgd. If either of the photinos decays
within the apparatus some of the transverse eneréy’bf:the lepton will
be balanced by a hard photon. This may prqduce a cleaner experimental
signature. Unfortunately, a negative result with. such aﬁ ety tfigger
does not greatly restrict model builders. In contrast, a negative
result with an et trigger will force model builders to increase the
selectron mass, or the phoiino mass. A positive fesult with either
trigger would be tremendously exciting.

We have pointed out that it may be possible to increase the
selectron mass limig in e+é— collisions from the éxisting value of
90% of E, to about 125% of E.
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point X b
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3. do (e e +'e+e A)) against cos6 for E_ = 10 GeV.
a_ . dE_d cosf x X
point x x
4. 1 Eg—-(e+e_ - e+e-ki) against E .
o dE X
point X
1 do + -, +-.c .
5. 3 i 3 coso (e e > e e X)) against cos 8
point x

Diagrams 2-5 are for a beam energy of 20 GeV, and for various
+ .
selectron masses M. exis the angle between the e~ beam and the
+ ‘ R + : »
observed e”. The cross section is either for e observation, or for

e observation. The ¥ pair cross section o_ . =18 has been .
point 2
3E . -
divided out.
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