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A light gluino is not presently excluded experimentally if the lightest of the gluino-
containing (R -)hadrons are long lived. In this case the properties of R -hadrons are very dif-
ferent than has been previously assumed. Strategies for their detection are suggested.

PACS numbers: 14.80.Pb, 11.30.Pb, 11.30.Qc, 14.20.—c

The properties of gluinos and hadrons containing
them were originally examined! under the assump-
tion that the supersymmetric partners of the v and d
quarks have masses comparable to the W and Z
masses, and that the photino is lighter than the
gluino. In this case gluino-containing (R -)hadrons
decay with weak-interaction-like lifetimes to ordi-
nary hadrons plus a photino, so that the characteris-
tic signature of R-hadron production is the escaping
photino. Failure to detect the missing energy or
reinteractions associated with the photinos leads to
a limit on the R-hadron masses > 2 GeV.'2 The
purpose of this Letter is to point out that the possi-
bility of a light gluino (say < 100 MeV) is not
ruled out if the lightest R-hadrons are long lived, as
they would be if they are lighter than the photino or
the s-quarks (spin-zero quarks) are heavier than
~ 0(100 GeV). Since cosmological bounds on the
gravitino mass may indicate that s-quarks must be
heavier than 10 TeV,? this possibility needs to be
taken seriously. A light gluino is not only intrinsi-
cally interesting in itself,* but may prove to be
necessary for consistency with the stringent limits
on the electric dipole moment of the neutron.’

A gluino, being a color octet, must bind with
quarks, gluons, or other gluinos to form color-
singlet hadrons. Hadrons containing a single gluino
and consequently anomalous quantum numbers
from the standpoint of the ordinary quark-gluon
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model of hadrons have been called R-hadrons.!
They carry a conserved quantum number (called
R-parity!-®7) and are therefore pair produced in or-
dinary hadron collisions. The lightest of the R-
hadrons is likely to be an ‘“R-glueball,”’ a gluino-
gluon bound state. Guided by glueball mass esti-
mates (which unfortunately vary over a wide
range), we can plausibly guess that the lightest R-
glueball has mass 0.7-1.2 GeV if the gluino mass
m§=0. R-mesons, made of a gq pair in a color-
octet state, bound to a gluino to make a color-
singlet hadron, will form spin-+ and spin-3 flavor
nonets. These almost surely will decay via strong
interactions [e.g., as shown in Fig. 1(a)] to one or
more pseudoscalar mesons and an R, since the
pseudoscalar mesons are ‘‘anomalously’’ light be-
cause of their role as Goldstone bosons for chiral
symmetry breaking.?

The R-baryons are more interesting. The three
quarks must be in a color-octet state and they can
have spin + or 3. (We can ignore excited states
with L # 0 because they are surely heavy enough to
decay strongly.) A spin-% state can be a flavor
singlet, octet, or decuplet, while the spin-% state
must be a flavor octet, in order that the three-quark
state has the overall antisymmetry required by Fer-
mi statistics. If we use the bag model with hyper-
fine splitting, and take the gluino mass to be ap-
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(a) gluino _“__’/}R

gluon = \g}mson
FIG. 1. (a) R-meson decaying strongly to R-glueball
+ meson. (b) R-glueball decay to photino + meson.
The R-glueball is denoted by R, g is the QCD coupling
constant, and s, signifies the spin-zero quark.

proximately equal to the up- and down-quark
masses, the lightest R-baryons have J=0 and are
the flavor singlet (strangeness = —1!) at 0.6-1
GeV, flavor octet with R-nucleons at 0.9-1.2 GeV,
and flavor decuplet with R-A’s at 1.3-1.6 GeV.
(Surprisingly, the lighter J=1 flavor octet has a
slightly lower mass in the bag model than the /=0
octet.”) The flavor singlet will be very long lived or
stable (see below). The R-nucleons probably decay
to the strangeness —1 flavor-singlet R-baryon and a

m_2

mp sin%6

2
rr=(10"12-10"15 sec)

For an R-glueball of mass 0.7 GeV, a better analogy
is with K — uv. In this case we roughly expect that
7R~ (my/my)*sin®9cx 107 % sec for a massless
photino. Thus an s-quark mass as low as 2my
would give 7g ~ 107¢ sec which is difficult to ex-
clude experimentally, as will become evident below.
The flavor-singlet R-baryon decays to nucleon plus
photino, requiring both an intermediate s-quark and
a strangeness-changing weak interaction, so that
even for an s-quark mass of my, the singlet R-
baryon is essentially stable as far as accelerator ex-
periments are concerned.

The crucial observation at this point is that the
problem of detecting these ‘‘new’” R-hadrons is to-
tally different than if they are thought to decay rap-
idly to photinos. Missing energy is no longer a
good signature for them: Because of their strong
interactions and long lifetimes they will deposit
their energy in a calorimeter and be absorbed in a
beam dump like any ordinary hadron.

It is nontrivial to detect pair-produced, long-lived
neutral particles such as the R-glueball and the
singlet R-baryon, even if they are copiously pro-
duced. The best present limit on new neutral long-
lived particles is for masses > 2 GeV,!! well above
the interesting mass range of <1 GeV. With a
lifetime < 1071 sec, the R-proton and R-neutron
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pion, in analogy with A— N, with lifetimes
< 10710 gec. All heavier R-baryons can almost
surely decay strongly into lower-mass R-hadrons,
and thus are not detectable directly.

If the photino mass is greater than the mass of
the R-glueball mg, and no extra light superparticles
are introduced in the theory, the R-glueball will be
the lightest particle with negative R-parity and con-
sequently will be absolutely stable, as will be the
lightest R-baryon (probably the flavor singlet), on
the assumption that its mass is less than the sum of
the proton and R-glueball masses,!? as seems plau-
sible. On the other hand if the photino is light the
R-glueball can decay, e.g., by the graph shown in
Fig. 1(b). The lifetime of an R-meson of mass 1.2
GeV, decaying to mesons and a photino via the
mechanism of Fig. 1(b), was estimated in Ref. 1 to
be 1071210~ 15 sec by analogy with known weak
decays, assuming the s-quark mass my ~ sinf ymy,.
If, instead, we use the gravitino mass ms;; > 10*
GeV to put a lower bound on my, we obtain as a
rough estimate for the lifetime of a ~ 1.2-GeV R-
glueball

>1073-10"% sec . 1)

r
are too short lived to have been detected, even in
the super proton synchrotron hyperon beam.!2

The strangeness —1 of the flavor-singlet R-
baryon (denoted by S below for brevity) may be
useful in providing a signature: A reaction such as
pp— KYK* +8S could occur below threshold if
the S mass is < 1.1 GeV, but in any case is distin-
guishable from K+t K+ AA since the A’s decay and
the S’s do not. However, particularly near thresh-
old, S pair production may be strongly suppressed
(e.g., by a factor of 100 or more) relative to A pair
production, because of the difficulty of incorporat-
ing more than the minimal three degrees of free-
dom of the quarks. The cross section for a reaction
such as K~ p— R -glueball + .S may be less radically
suppressed.

Given the uncertainty in estimating masses and
production rates for the R-baryons, as well as the
possibility that they, too, decay rapidly to R glue-
balls plus a baryon, it is desirable to search for R-
glueball production.’> Although the production
cross section in hadron collisions may be as large as
a few millibarns, and the background from ordinary
hadrons might be reduced in ¢ and Y decays, estab-
lishing definitive evidence for this phenomenon
and measuring the R-glueball mass is very demand-
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ing experimentally. In a scattering experiment,
relatively low energy is desirable, say pj, ~ 30
GeV, to keep the final multiplicity small. At this
energy, threshold effects should not be important
unless mg > 1 GeV. Very high detection efficiency
for ordinary neutrals is essential, as is good
momentum resolution. A sample of events is to be
produced in which there are missing neutrals, which
cannot be identified with known particles or pairs of
known particles. A missing-mass plot for these
events should display a continuum with a threshold
at 2mpg. Decreasing the beam energy and observing
the disappearance of the signal as threshold is ap-
proached is important for establishing the authenti-
city of the signal. There should be occasional
events in which one (or both) of the R-glueballs
scatters, establishing its direction and a lower bound
on its energy, thus providing two more constraints
for the event reconstruction. With a large enough
sample, the method of observing the secondary
scattering can also yield mg.

By virtue of containing only two constituents, the
R-glueball + nucleon total cross section is likely to
be comparable to o,p. Likewise the R-baryon
probably has a total cross section ~ %UNN. These
differences may be helpful in distinguishing the R-
glueball and S from neutrons.

Theoretically, light gluinos seem to be acceptable.
They affect the 8 function as much as three addi-
tional light quarks, so that asymptotic freedom is
not lost. In principle deep-inelastic scattering ex-
periments can measure 8 and thus infer the gluino
contribution'; however, in actual experiments the
q? range is too small to discriminate between non-
standard logarithmic variations and higher twist ef-
fects.

The chiral symmetry associated with massless
gluinos is broken explicitly by their mass, dynami-
cally by the gluino-gluino condensate (A\), and by
the QCD triangle anomaly of the gluinos. There is
an anomaly-free linear combination of the gluino
axial current with the quark U(1) axial current,
which for three flavors is 27Y2(gy,ysq — Ay, ysA).
Identifying the pseudo-Goldstone boson associated
with the spontaneous breakdown of this symmetry
with the %', standard current-algebra arguments!’
give F;"’; =2m,(A\), neglecting the negligible
contribution of the quarks. To account for the ob-
served mass of the 7m' requires that mg(AN)/
Fj, ~ 14my(Ss)/F2, where (5s) is the strange-
quark condensate and m; the strange-quark mass.
Tumbling arguments, which have had confirmation
from lattice gauge calculations, ! indicate that this is
quite plausible, especially with mg ~ m;. Current-

algebra predictions for processes involving the n’
can be used to test the hypothesis that it is a
pseudo-Goldstone boson.!” This picture, that the
n' is “‘half the time’’ a gq pair and ‘half the time’’ a
gluino pair, has some encouragement from recent
experiments which have found the n»'— vy width
to be significantly smaller than expected in the
quark model.!®

Recapitulating, I have argued that the possibility
of a very light gluino is both theoretically acceptable
and not ruled out by present experiments. More
generally, long-lived neutral R-hadrons and long-
lived gluinos, be they light or heavy, are not ruled
out by experiments relying on a missing-energy sig-
nature. (Gluino jets produced in the pp collider
would resemble quark and gluon jets if they did not
decay to a photino before hadronization.) This
means that limits on gluino production and masses
are not independent of the masses of the photino
and s-quarks.

I have benefitted greatly from the generosity of
many colleagues in offering suggestions for detec-
tion possibilities, in teaching me what they know of
relevant calculational techniques, and generally in
being skeptical that such things as new stable
baryons could have escaped our notice. I especially
want to thank G. Baym, T. Devlin, P. Fayet,
A. Guth, R. Jaffe, K. Johnson, M. Kalelkar,
J. Lach, L. Littenberg, M. Ross, H. Steiner,
J. Weiss, S. Weinberg, E. Witten, and T. Yamagou-
chi.
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