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ABSTRACT

We investigate signals for winos (^ and zinos (Z) when

the decays W * Wy, 2 > WW and W -»• vfz are allowed at pp

colliders. These processes lead to i) monojet and dijet

plus missing transverse momentum (̂ T) events, ii) various

di- and tri-lepton events with little accompanying

hadronic activity, and iii) events containing jets plus

leptons plus J^. Absence of such signals may allow new

limits to be placed on mg- and rag. of at least mg- + rag- £, my,

from CERN collider data.

1. INTRODUCTION

John Ellis has told you all about the reasons physicists love

SUSY.'-' Supersymmetry solves the hierarchy problem, it is

aesthetically appealing, it provides an avenue for unification with

gravity, and, of course, it should manifest itself as the low energy

limit of the superstring. So far we have no experimental indication

of supersymmetry; we only know roughly where the supersymmetric
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particles don1 t live.^* Recent work on production of strongly

Interacting SUSY particles at pp colliders seems to indicate

m~ > 65 - SO GeV
q

(1)
m~ > 60 - 80 GeV ,

S

but this doesn't really bother theorists—the SUSY nass gap, and
hence, the sfermion masses are expected to be 0(100-500 GeV) if SUSY
is to provide a solution to the hierarchy problem. Most theorists
professing devotion to SUSY favor models with l ight (~Q(few GeV)]
photinos (7) with y as the lightest SUSY particle. In this case i t is
also expected on fairly general grounds that one of the supersymmetric
counterparts of the gauge bosons—the wino (fll) and zino (Z.)—should
have the following mass restrictions:4 '

"ff, K *W
1 ( 2 )

m~ < m .
Z l Z

These sparticles may then be accessible to detection by the currently

operating pp colliders! In the following calculations, we assume a

small y mass, so the mass eigenstates vf. and £1 contain large gaugino,

but small higgsino, components. We also assume heavy (>p(100) GeV)

sfermion masses, and a ratio r • v^/v2 « 1 of Hlggs field vacuum

expectation values (this is the preferred choice of a wide class of

SUSY models5'). This talk is a summary of results presented in Ref. 6

2. PRODUCTION AND DECAY OF GAUGINOS

In pp colliders, gauginos can be produced via the decay of vector

bosons, ' e.g.



W - Wy , WZ

(3)

These channels dominate gaugino production if the above decays are
kinematically allowed; t-channel production also occurs, but at very
low rates. The gaugino-gaugino'-gauge boson coupling strengths are
large. This leads to the substantial production cross-sections
illustrated in Fig. 1.
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Fig. 1. Production cross-sections for pp + Hy, WW, and VZ
versus i? mass at a) 630 GeV and b) 2 TeV for two
choices of photino mass: m~ * 0 and 8 GeV. The Z
mass is fixed by the other gaugino mass choices.

Assuming heavy sfermions, the gauginos have the following decay modes:

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility 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. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



W + qQy (67%) or tvy (li%)
(4)

£ + qqy (46-61%) or liy (13-18%) .

The decay of £* Into ff is also allowed, but is small unless m~ >
300 GeV. Calculation of gaugino production and decay maintaining
gaugino spin correlations requires the evaluation of many lengthy
Feynaan diagrams; we make the calculation manageable by evaluating
each helicity amplitude as a complex numberJ and summing over final
state he l ic i t ies in our Monte Carlo programs.

A wide variety of spectacular signatures can be expected from
gaugino production. All three modes, Uy, wT and UZ, lead to mono- and
multi-jet events plus $f.9* The WV* mode can give acol linear dilepton
pairs (ee, \iv and en), and 9z can lead to trileptons (eee, ejiu, eeu
and yyu) and same or opposite sign dileptons if one of the above
threesomes is lost or mis-identified. The size of these signals
depends, in part, on the experimental cuts and selection criteria
used. In our calculations, we don't try to match any particular
year's cuts used bys say, UA1, but instead show that these signals can
be observable if some set of typical cuts are used. We require

|pT | > 10 GeV ; l ^ j < 3.0
e

|pT | > 3 GeV ; | n I < 2.0 (5)
U

|pT | > 25 GeV ; |pT | > 12 GeV ; 11,̂  \ < 2.5 ,
j l j 2

and coalesce partons within Ar •* (Arî  + ^)^'^ < 1. More stringent
electron cuts are used if final state quarks are present. We trigger
on events with jets only when

where E | is distributed according to

1/2 f

101

Max(15,4(T) , a - . 7 G e V 1 / 2 ( J E + E ^ ) l / 2 (6)
partons



dN

<ET>i

with 45 GeV.

3. RESULTS

In Fig. 2, we plot the monojet and dijet plus fa cross-sections
expected when both gauginos i7 and Z decay hadronically, as a function
of m~ (m~) on the lower (upper) scale.
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Fig. 2 Monojets and dijets + fa signals from gauginos.

We find monojet dominance for a l l values of wino mass, with a f a i r l y

constant monojet s ignal of -39 pb for nvr < 38 GeV. This i s in

contrast to the case of heavy (> 40 GeV) squark or gluino production



where dijets dominate.1'3' At this point W -»• 92* phase space is
saturated and the inonojet signal drops to ~20 pb at rag- =• 45 GeV, where
the decay Z + WW cuts off. The signal for m~ >, 46 GeV comes almost
entirely from W -> t?y; in this region i t would be diff icult to te l l U +
Wy from W + Lv^, where L is a new fourth generation heavy lepton.

Fig. 3 i l lustrates signals expected when both gauginos decay
leptonically.
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Fig. 3 Signals from WW and $Z production when both i? and Z
decay leptonically. m~ » 8 GeV.

In this case, we require no p*T cut because the hard multi-leptons plus
^ in association with only small amounts of hadronic debris (from W
and Z production) are easily distinguishable from standard model
backgrounds,11'' Isolated hard tti-leptona events (accompanied by p\_)



are a clear signal for 02" production, and occur with substantial rates
if the decay U + 02" Is allowed. These would be accompanied by same
and opposite sign dileptons plus p\j., where the azimuthal opening angle
<j>££ would be distributed between 10° < <J>,p < 170s. Non-observation of
these raulti-lepton events could be used to easily rule out the decay
W •*• #2" in the theoretical framework in which we work. For
38 GeV < 3LJ- < 46 GeV, one could s t i l l expect a few acoilinear eu and
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Fig. 4. Largest n jet + m lepton + p\j, signals from pp + VZ, WW
when one gaugino decays leptonically and one
hadronically, and /s =• 630 GeV. Other signals are
also present but at much smaller levels .



uy pairs from Z •* WW, not yet enough to set rigorous (once detection

efficiencies are taken into account) limits from the present

accumulated pp collider data.

Finally, a set of n jet + m lepton + £-. events would be expected

in the data sample from the case where one gaugino decays

leptonically, and one hadronically (see Fig. 4 ) . Such events would

have background problems from heavy flavor production (tt, th,...).

4. CONCLUSION

We have performed detailed calculations of gaugino signals

expected from N =» 1 super gravity when sfermions are heavy

(~O(100 GeV) ] and y is light (m~ < 10 GeV), when r =• vl/v2 - 1.

Substantial monojet*, trileptons, and acoliinear dileptcns are

expected if W + %Z is allowed, and it is likely current coMider

experiments are probing at least m~ =* 38 GeV and aa-' 43 GeV. If m« >

46 GeV, then the best channel for searching for geuginos is in W •* ify

decays, where fat monojet + p\j, events offer the cleanest signal.
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