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PRELIMINARY REFLECTIONS CONCERNING A SMALL~SCALE DUMAND EXPERIMENT:

DUMAND M. .
A. Roterts, DUMAND Hawali Center, Physics Dept, Univ of Hawail, Honolulu

I. INTRODUCTION

The concept of a small-scale DUMAND M installation, as a preliminary to
the full-scale DUMAND G (these suffixes stand respectively for Megaton and
Gigaton) has always been an alluring one, from the standpoint of proving out
the_te_éhnoiogv on which DUMARD G will eventually be based. Since no operation
in the deep ocean on the scale 6 DUMAND nas ever been carried out, it seems
plausible that the expenditure of a relatively small amount of money in testing
the techniques to be used on the full-scale inatellation would more t.han o LI
pay itself in improvements in technique and in experience, not to mention they
exposing of any uhforeaeen &ift‘icu].tiea or buga in operation,

To date.th;nt cuncépt has not been aggressively pursued. Considered purely
as a preiiminary to DIUMAND G, t.he motivation is adequn.te only if a decision to
build DUMAND G has already beeh made, or is dependent only wpon the demonstra-
tion of feasibility. An additional motivation must be present to make DUMAND M
& worthy goal in its own-ri;ht. Such a motivation would be the scientific
knowledge to be obtained by the installation.

The scientific usefulness of a DUMAND M installation is now being re-exam-
ined, particularly by scientistswith a strong background in cosmic -ray muon
physics. As a result of this re-examination, which is still in progress, it

‘appears quite Iioss:lble‘ that such Justification can be adianced; that a DUMAND
M project, with a cost in the vicinity of a few million dollars, can be jus-
tified on the basis of new cosmic-ray information to be obtained in addition to
the technological reasons mentioned above. For this reason we now set forth the
scientific justification and the technical gains to be achieved. '



4

-2 -
II. MUON PHYSICS WITH DUMAND M

Pravious muon spectroscopy in cosmic raya. has been carried out both on
the surface and in underground installations. A primary focus of interest has
been the energy and directional spectrum of muons, because of the relation of
the muons to the pion and kaon parents produced by the primary interactions
high in the atmosphere. Thus, even though suons are third-generation (or high- .
- er) reaction products, they ‘cast light on the primry interactions that pro- '
duce them. In this regard, there is currently great interest in prompt muon
production (observed at accelerators) and in multiple muon production, which
is expected in both weak and strong interactions. '

The largest previcus magnetic muon detectors have been IEIS and the
MITRO‘IZ , with maximum detectable momenta of 7 and 10 TeV, respectively;
associated with the Latter is the "Pair Meter" 3 which is ca.pable of mking
‘measurements at even higher anergiea, but is 1:|.mi‘bad by the available flux.

The largest underground muaon detectors are those at Homestake, South Na-
kota, . and at BaksanS, whose areas for muon detection are20f and 110 m2
respectively; they determine nuon energies from their ranges in the overlying
rock., A complete Mry of current muon spectra and their sources has been
given by Allkofar et a1.6

In contrast to previous installations, the proposed DUMAND M (see Pigs.

1 and 2) would have an area for vertically incident muons of 10 n2, and
several times that for horizontally incident muons (aeé Table 1.) For the
horizontal miona, the device would be a large-area detector with little or

no capability for energy measurement except through range measurements in the
overlying ocean. Within an angular range of 0.026 ster. near the vertical

the detector will be capable of measuring mion ensrgies of 2 TeV and above,
with an accuracy we estimate as about 40%. The aperture would be 2600 m2-ster;
the aperhu-e of the mon, for comparison, is 0.1 mz'st.or.? Since the method
of measuremnt is the masurmnt of dE/dx, the instrument would necessarily
be especially well suited to studying the modes of energy loss of energetic
ruons. It would yield no information on the sign of the muon charge, or the
charge ratio.

The total mon countins rate would depend strongly on what depth is chosen
for the apparatus. Here a conflict arises. From the standpoint of mumon physics,
a depth between 2 and 3 km seems the most appropriate, ahile from the standpomt
of modeling the full-scale DUMAND G array, the same 5.6 km depth is desirable,
and in fact the same actual site. If the depth is the same as that contemplated
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for DUMAND G, the total muon rate will drop to something less than 1 sac_'1,
which is not pegligible, but is a factor of 20-50 below ‘the more desirable
2-3 km depth. This hurts not so nuch at the single muon level, but makes a
big differe_nca for maltiple suons and. measurements of anisotropies. On the
other hand, one can argue that if the main object of the investigation is the
highest possible energies, then the increased depth and lower counting rate is
not nearly so harmful, since the particlea lost in going deeper uill in great
part be the less energetic cnes, The final choice of depth will regquire con-
siderable thought. ‘ | | ¥

Figs. 1 and 2 show two possible gecmetries for a IIIHILND M array. Pig. 1
shows a cubic lattice, Fig. 2 & hexagonal one. The individual ntringa are
identical in ..hc- tuwo arrangerents, and are the same as those described in the
nStandard" array for the 1578 Sumper Wor kahups. The arrays are nearly the same
in other respects as well; Table 1 enumerates their properties.

TABLE 1. DESCRIPTION OF 'TW0 POSSTHLE DUMAND M ARRAYS.

Property. - - I. Cubic - . II Hexagonal
Base dimensions ' '100 x 100 m - Hexagon 60m on a side
String spacing 33, 3m : 30. m

Base area, ma' - 10,000 : 9350 |

No. of strings 16 19
Modules/atring . ' 18 18

Module spacing on strins, 37 b1

Total modules 288 _ W2

Active atring length,m 620 : . 620

Array volume, n’ 6.2 x 1l.'1'6 ' 5.8 x 106
Solid angle for vertiecal

traversal of entire array 0.026 ster - 0.024 ster.

It should be remarked that the string gpacing and module spacing along the
string can readily be alteared depending upon the module density required. It
is even conceivable that a design that allows string spacing to be varied |
after instaliation can be achieved. _ _

___perties of the Geometry Propoaed. - The general shape of detector
selected, a. verticnl prism, is chosen so. that there will be at least one dimen-
sion long enoush so that muon energies can be measured. Prom Monte Carlo work9
this distance needs to be at least 400m, and preferably 600m; 1000m would be
still better, and more detnilad study may make it desirable. In DUMAND G the
horizontal distances range from 8OO to 1600m; the strings determine the 620m
vertieal distance.
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In addition to being able Ito measure at least some muon energiea, it is also
desirable to detect at least some neutrinos so that we learn how. For this pur- |
pose we neced to observe and measure cascades as well as muons. Prom the volume
 of the array, we expect about 0.5 neutrino interactions per day of 1 TeV and
above. The great majority of these will be in directions other than the vertical.
They will, however, produce nuclear cascades, which will be readily d&tectable '_
down to a fraction of a TeV. These can be. compared with BM Laacadea, which will
be produced 2t 21l energies by mons, and thus Iabelled., We will therefore have
all the information nzeded to evaluated neutrino detection in a full-sized array.

Since a 1 QI‘eV hadronic cascade is visibie for at least 80 meters, the
fiducial volume for cascads detection is unclear; we need more cglculations on
what signals are %o be expectad, ' “

~ If the spacing ot‘ modulas through out the array were acaled down to 20m,
_md all dimensiona acalad accordingly, the volume would shrink to 1.66 x 106
tons, and the top and bottom areaa to 3H00 m . There would be a factor of 3
loss in muon rate, and about ) in neutrino rate. Thus the intermodule distance
is a most important parameter that will requlre further study.
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I1I. List_of Possibie F‘_u_cgg_imnts.

1

1. Muon Spectra at 10 'I'ev and above. The vertical apect.rum is measured up
to about 10 Te\!ﬁ where the energy resolution diaappears. THe expected rates

for vertical aeceptance are: 100 hr -1 abnve 1 Tev, 1 hr . above 10 ‘1_‘ev. 'I‘hua

we get abiut 10“ yx‘"" at 10 Tev and abovae, and about 100 . yr'd_ at 100 TeV .and '

above. | o | |
In addi.t.i.cn to thése muons, whose eherg'ies are indivi&ually determined, .

there is rhv very much largar (more than 100 x greater) rlux of muons that tra-

verae th-a lateral halla ef the array. Prom the direct.ion of these mon;.

(which we cinnob ; determine with hie:h accuracy) one can pnt & lower

1limit on their axwrgywhen they enter the ocean; this is where the DUMAND advan-

tage of knowi ng the density and path lene;th aomea in. 'Ihus one can obtain a

. muon apectmm in the same way that, pro‘.riuuf’ undet‘grmmd experimpnts have done

s0. We know the absorber better; but it may turn out that the uncezuinty is
no smaller if ihe direction of the muon is not Hell enough determined.

2. Sear-ch for muon anisotraopies at high energias. Themuch greater muon

" fluxes allow a gearch toi' mion anistropies +o0 earried out to higher energies

than prev,iouély feasible. The .angular 'uncertaint.y rererfed to above is not
a function of azimuth, so that azimuthal variations can be sought 'ai':_ all angles
with the \rertical. .

3. Study of the Landau-Pomeranchuk-/Migdal efrect.onis is a predicted
decreaae ':I.n- slectron interaction (increase in the radiation 1ength) at ultra-
relativistic eleetron anergiea. This requires studies of the dist.ribut:lon
of ionization in the 1ongitudina1 development of EM cascades. Our muons
should provide large EM cascades up to 10 TeV or above in sut‘fiei.ent numbers

make possaible this study, provided the detectors are capable of observimg
such variations in the energy distribution in thecaacade. Monte Carlo :hweati- _

gations wtll be requimd %0 see wheter the effects predictad are obaervable,

and under what conditions.
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4, Multiple Muons. - The study of multiple muons is relevant to several diff-
erent subjects. Dimuons, trimuona, etc. are related to specific nucleonie struc~
ture properties such as charm production, etc. They can be produced by the decay

of heavy particles like the z°. However, in the majority of cases, multiple mu-
ons originate in high-energy cascades which produce mny‘-mesons as potentia-l mi~

- on parents.

One of the more intereating reasons ror studyins mltiple nuon production E
is to cast light on the primary cosmic-ray spectrum in the region around 10 15
eV, vhere there is considerable doubt as to the relative abundance of protons
and heavy rnelei like re X, The multiplicity of mions produced in a 102 &V
cascade is very different if t.he primary is a proton from what it would be if
the primary is an F‘e56 rucleus of Lhe same total energys the energy diatribu-
tion is also very differ&nt. Consequently an important experiment would be to
measure muon mltiplicity and energy distribution siﬂultaneously with the me#-
surement of total caaéade energy; Such experiments are being dea‘igncd for EAS
ai-rays. The adaptation of DUMAND to uuélx an experiment would be highly desir-
able, because of its capability of obsarving mich greater rates at high multi-
plicities. -

There are two difficulties. One is the queation of hou well we can mea-
sure high wltipliciti.ea- the rasolution of the array :l.s poor, and a shower of
ten muons within a diameter of , say 20 meters, may be difficult to distinguish
from 5 or 15. On the other hand, for thae purpoges of the experimenty the re-
quired resolution may not be very high; it makes little difference whether there
are 10 or 15 wuons, provided biming into intervals of nntiplicity can be done
well enough. The required resolution needs more study.

" fThe other, more difficult problem, is the aaeeruinment of the onargy of the:
‘air shower in ahich the muons originate; this is neceuary if conclusions about
the primaries are tp be drawn. The energies are too low for the fly's eye type
of detector, whose threshold is Just below 10'! V. Alternatives include the
‘measurement of the surfa.ca density of electrons or muons, and detection of the
Cerenkov light. produced in the atmosphere by the ahower. Any of these alternatives
demands aa installation at the ocean surface above the array, to sample the
air ahowe" which gives rise to the multiple muon signal. The muon dhta from the
array should locate, the core of the shower at the ocean surface with reasonable
accuracy (ca. 4O meters); and the geometry of the array restricts the area to be
sampled for shower density to about a square kilometer or less. Thus the auxil-
jary equipment needed is perhaps a dozen or so particle detectors, scattered
over about 1 lmz. Such an array would pose no problems on land; deploying it on
the surface, on the other hand, is a considerable problem that needs ™¢h thought.
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v, 1V. TECHNICAL PROBLEMS SOLUBLE WITH THE DUMAND M ARRAY.

The DUMAND array would be expacted to yleld data in two important classes
of infoﬁmtinn. |

A. Array Operation

-4, 8ite Propertieo. Lcms term obaervations on cumnt.a, temperature, salini-
ty, water tranaparancy, biolumineacanca, biofouling, ocean flora and fauna, etc.

2. The performance of all array components ia the ocean over an extended
period of tirme. Adequacy of all testing and monitoring procedures, controls, lo-
cation devices, eto.

3. Testing of all hardwal:'e and softwarc systsma; determination of fa.ilure
rates, operating conditions for best results, ete.

B. Array Capabilities.

1. Measurmnt of muon tra.jectory resolution capabilities: accuracy of de-
termination of location, direcbion, energy, and number of muons.

2. Study of nuclear caacadas produced by neutrinos. This will provide experi-
ence in identifying and measuring t.ho energy and direction of nuclear cascades,
and comparing the results with Monte Carlo predictions. :

3. Can we distinguish between hadranit- cascades and EM showers? If so, how
well), over what anergy ranae and with what degree of confidence? How do the results
compare with Monte Carlo predictj.ons? .

4, How do the array measuring capabilities discussed above vary with module
apacing? How well do observed variations agree with Monte Carlo predictions?

(This query assumes that different spacings are ..available, either beins‘ provided
ab initio, or else through some mechanism for changing the spacing, perhaps by
'moving sensor strings.)
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Pig. 1. Cubic array of detector modules, The array consists of 16 strings
on 33.3m spacings on a 100m square. Each string is of the kind described

in the 1978 Standard Array, with 18 detector modules on 36.6 m spacings
covering 622 meters of a 672m-long string; the lowest module ia 50m above
the sea fiocor. Cables supply power from and conduct data to a central juncs:
tion box. _ o '
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Pig. 2. Bexagoml array of detector modules. The string spacing is now 30m
on a hexagon of 60m side, and 19 strings are required. See Table 1 for
complete data. : : _ .



