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To: DUMAND Gang
From: John Learned

Subject: A Golden Tag for UHE T's in DUMAND: Incoming Particle with Character-
istic dE/dx, Very Large Burst and No Mvon Qut

This is just a short note to ask the question of whether we might
discern 1's from u's at high energies. T's with emergy > 2.6 x 105 ev (for
handbook upper limit of 2.3 x 10~ '2s) would travel v 1 km before decaying. (If
Tr=3x 10-13%, E km = 2 X 1018 ev.) They would traverse the array with light
ionization,* devoi o¥ much brem and pair production bursting, lose little energy
(they'1l almost never range out), and decay in a large flash to a cascade of
particles (v 5/6 of the time) without any muons. This seems to be a unique
signature. If true, what use is it? Where could T's come from and how to use
them? I see three possibilities.

I) Charged current v, interactions will mske tT's. The volume for
detecting these t's must be very large. If the T range were 1000 km-w.e., the
volume for DUMAND G would be 10° m2 x 10° m = 10’2 tons!! (We are helped by the
greater earth density, p & 5.5, which cuts the light time to the detector for
more target volume than water, p = 1.)

Why should there be v_'s? For terrestrial c.r. production they should
arise from direct production (e.g., heavy flavors, heavier than charm). If they
~were comparable to the atmospheric Ve's and v, 's at this high energy which are
most1¥ from direct production at this energy),. the rate would still be small, even
in 10%? tons, extrapolating from a direct production crossover at 50 TeV. For
extraterrestrial v's we would expect tc be dominated by v 's and v,'s unless
there are neutrino oscillations which then take v 's and He's to T's with their

saturation mixing for any astrophysical distance.u

II) Are substantial extraterrestrial v.'s at the Glashow resonance
energy [Vs = vVZm EE = my or E(\; = (78.1 GeV)2/2 x 5.11 x 10" 'GeV = 6 x 10" eV]?
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*At this high energy they radiate 'b(mu/m_r)2 = 1/250 less per unit distance than
muons of the same energy.
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we get the resonance production increase in rate of W production but not much
extra range. (We get T 's from W decay.) Suppose the volume is 10'° tons and
rate is up by 1000, then the rate would be just barely visible from direct
atmospheric v's. (Or is it?)

I1I) Perhapswe'llget 1's, just like u's, directly from the primary
or cascade interaction (20 km flight would require at least 5.2 x 10°° eV, or
4 x 1077 eV if the lifetime is 3 x 10" *’s), Should there be something to the
quark matter bag model, predicting strange quark "droplets," and should they
be excited by heavy primary (Fe-air)} interactions, the decay/fragmentation of
these objects will be most complex. Perhaps it would include 2 substantial
fraction of 1's (weak decays of heavy states?). In this (highly) speculative
scenario, it could turn out that we can use T's as unique probes of the inter-
actions. There are v 6000 primaries/year > 10'7 eV over DUMAND per year, but
only 20/year over 10'®. Thus the likelihood of seeing an incoming charged
particle decay, dumping something like 10'7 eV in DUMAND from a muon arriving
from the surface is very small. Any such event is 2 t©! And we may have dE/dx
information to nail it down. It may be then that we have a nice tag for any UHE
mechanism making t's.

This is surely a preliminary speculation. I'm really asking you to
think about the question and posing it as an agenda item for further discussion.
Specific questions to be addressed: '

1) What is the T lifetime? 3 x 10™!%s seems inescapable.

2) What does its average dE/dx look like versus energy and in comparison

3) Can we tell t's from u's in DUMAND by dE/dx vs. distance alone
(given a T of E ¥ 10'® eV, otherwise it would have decayed)? Is
the stopping rate discernably different?

4) Having seen a charged particle coming in, observed its dE/dx, seen
the (too large for a y) decay burst and no muon out, do we have a
golden T signature? I think so.

5) What in fact is the effective volume for a DUMAND detector for T's
(of energy, say, > 1017 ev) arising from vy charged-current inter-
actions? Given neutrino oscillations wil]l DUMAND be a v telescope
at small energies (10 GeV-10 TeV), a v, telescope at high energies
(10 Tev-101% eV}, and a v, telescope at UHE?

6) Now the tough question, where might these T's as v_'s come from?
Are I-II at all sensible? Do you think of others?



