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ABSTRACT
In a simple search for muon pairs directly produced in proton-
nucleon collisions at 300 GeV performed with two range telescopes, we

observed the ¢ (3105).
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This note deseribes the result of a simple test designed to study
the direct production of muon pairs in 300-GeV proton-nucleon collisions
in a beam dump at the Fermi National Accelerator Laboratory. The
reaction studied was

PTN=-p+tp+X (1)

where X was unobserved and the muon energies were measured through
their ranges, without determining their sign. 1 We detected symmetric
and almost symmetric dimuon combinations, corresponding to dimuons
emitted forward or at rest in the c.m. system. These configurations
are expected to yield a relative large number of events. The main
emphasis of the test was to search for gross structure in the dimuon
mass spectrum,

As sketched in Fig, 1, the setup consisted of two symmetric range
telescopes, which looked at the front of the Meson Area beam dump, first
at an angle of 96 and then at 76 mrad with respect to the primary beam.

Each telescope consisted of six 5-in. X 5-in. X 0.25-in, scintillation
counters interspersed in steel blocks. A seventh counter (S) was added
to one arm before the last measurements. The scintillators were sus-
pended in air-light guides viewed by 56~AVP photomultipliers. The
light guides of alternate counters were rotated by 90°. The photo-
multiplier divider bases (current pumped zeners) were capable of high-
average currents. In each arm (« or pB) the counters were placed in

sequential two~fold coincidences:
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6209, etc. For the original configuration each
coincidence accepted muons with a momentum larger than 16.9, 19.6,
22.3, 25.0, 30.4, and 38.6 GeV. For some runs the first two absorber
blocks were removed and in others S was moved behind the last iron
block.

The counter combinations of the two range telescopes were placed
in two-fold coincidences; the symmetric combinations were: 0252’
a3f33, a/4[34, a5[35, aréﬁé. Also a number of asymmetric combinations
were recorded (a2i33, a3(32, 0:2[34, 04[32, a'3[34, a4[53, a3[35, 0*4[35, a4[36,
a5[36, a6ﬁ5, and a7[35). This redundance allowed checks to be performed
like the comparison of the a:2£33 and a362 rates, etc. Two randoem rates
[(ar3[33)R and (cz4[34)R] were also continuously recorded.

The telescopes covered the dimuon mass (m:p = pa})Fa G:M) ranges
of 2.5 < m[.Lp. < 5.2 GeV and 3.2 < mwL < 7.4 GeV in the 76-mrad and 96~
mrad configurations respectively.

We tested the equipment with the beam impinging on the standard
beryllium target, located approximately 4 meters in front of the beam
dump. The counter gains were cross checked with a 0060 source. With
the target in place we found very high singles rates, very high rates for
single muon production and also for apparent double muon coincidences.
Many of these events were due to pion decays in the 4-meter distance
between the production target and the beam dump and to randoms which

varied considerably depending on intensity and RF bucket populations.



With the target removed, singles rates dropped typically an order
of magnitude. The single arm coincidence rates and the dimuon rates
dropped by one to two orders of magnitude. Thus counter gains had
to be rechecked. Typical randoms varied from 1% to 30% depending
on intensity and RF structure. These target-out runs were made in

few short runs, each of 1/4 to 3 hours duration. We were able

12
? tc 10 protons

to vary the beam intensities from less than 3 X 10
per pulse.

Figure 2 shows two integral dimuon spectra corrected for
geometrical efficiencies, obtained in the 76~-mrad configuration with
some iron removed. One of the spectra was obtained with a beryllium
target in the primary beam, while the other was obtained without any
target. Both spectra show a structure at 3,1 GeV, The structure is
present in all the other spectra which have been taken at different periods
and at incident beam intensities differing by 3 orders of magnitude. This
indicates independence from random rates and from the number of protons
in each RF bucket. This structure is consistent with the recently dis-
covered y {3105). 2,3, 4

Clearly a measurement of the type described in this note does not
have any problem with event rate, but suffers from a large number of
systematic uncertainties, Our poor energy resolution and the small

number of counters used did not allow us to properly differentiate the

integral spectra of Fig. 2. The absolute normalization of the dimuon



cross section is made difficult by multiple scattering effects, by beam
normalization for low intensities, by the inprecise knowledge of acceptance,
and by the fact that we measure only a specific configuration. The order
of magnitude yield of eventc in the 3.1-GeV structure is about one event
per 108 proton interactions, corresponding to a production cross section
of the order of > 10-33 cm .* This is only a rough order of magnitude.
The graph of Fig. 2 does not show indications for the 3.7 and 4.15 states,
because either their production cross section or their p+p- branching
ratios are smaller than those of the 3.1-GeV state.

Figure 3 shows two dimuon spectra obtained in the 96-mrad con-
figuration, with and without the first absorber. The spectra may suggest
a structure at m:H = 36 GreV2 at the level of about one event per 109
proton interactions. The effect was found to persist, independent of
beam intensity over two orders of magnitude. Thus if the effect were
real, it is unlikely to result from accidental effects. On the other hand,
since the break in these spectra is associated with o correlations which
always involve ﬁs (Fig. 3a) the question of systematic effects arise. In
all cases, the counter efficiencies had been plateaued and it was established
that all correlations peaked at about the same power supply voltage. The

structure seemed to persist when 5 ft of iron was removed from each

arm (Fig. 3b).

) This quoted value of the production cross section assumes I‘ml: 0.1,



The smallness of the cross section, the small number of counters
available, and the nature of the environment with its high background
rate do not allow us to reach a definite conclusion on this structure.

We conclude that we have observed the § (3105) - pp at a level of
about 1 event in 108 proton interactions and that if other structures in
the wp mass spectrum exist they are produced with cross sections at
least 10 times smaller,

We express our thanks to J. Schivell for early operation of the
range telescopes, to R. A. Lundy for his help in installing the equipment,
to P. Koehler and the Meson Operation Staff for arranging some special
runs. We acknowledge a number of discussions with many colleagues

at Fermilab.



g

C
B
G.
G
G

REFERENCES

. H. Christenson, G. S. Hicks, L. M. IL.ederman, P. J. Limon,
. G. Pope, and E. Zavattini, Phys. Rev. Letters D8, 2016 (1973).

. E. Augustin, A. M. Boyarski, M, Breidenbach, F. Bulos,

T. Dakin, G. J. Feldman, G. E. Fischer, D, Fryberger, G. Hanson,

Jean-Marie, R. R. Larsen, V. Luth, H. L. Lynch, D. Lyon,

. C. Morehouse, J. M. Paterson, M. L. Perl, P, Rapidis,

. Richter, R. F. Schwitters, W, M. Tanenbaum, F, Vannucci,

S. Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg,

. Goldhaber, R. J. Hollebeek, J. A, Kadyk, B. Lulu, F. Pierre,

. H. Trilling, J. S. Whitaker, J. Wiss, and J. E. Zipse, Phys. Rev.

Letters 33, 1406, 1453 (1974); 34, 764 (1975),

3

J. J. Aubert, U. Becker, J. P, Biggs, J. Burger, M, Chen,

G.

M.

Everhart, P. Goldhagen, J. Leong, T. McCorriston, T. G. Rhoades,

Rohde, Samuel C. C. Ting, Sau Lan Wu, and Y, Y. Lee, Phys. Rev.

Letters 33, 1404, 1624 (1974).

‘c.

R.
G.
V.
P.
M.

G.

Bacci, R. Baldini-Celio, M. Berna-Rodini, G. Caton,

Del Fabbro, M. Grilli, E. Iarocci, M. Locci, C. Mencuccini,

P. Murtas, G. Penso, M. Spano, G.S. M. Spinetti, B. Stella,
Valente, B. Bartoli, D. Bisello, B. Esposito, F. Felicetti,
Monacelli, M. Nigro, L., Paoluzi, I. Peruzzi, G. Piano-Mortemi,
Piccolo, F. Ronga, F. Sebastian, L. Trasatti, F. Vanoli,

Barbarino, G. Barbiellini, G. Bemporad, R. Biancastelli,



M. Celvetti, F. Cevenini, F. Costanini, P, Lariccia, P. Parascandalo,
E. Sassi, C. Spencer, L. Tortora, U. Troya, and 5. Vitale, Phys.
Rev. Letters 33, 1408 (1974).

5B. Knapp, W. Lee, P. Leung, S. D. Smith, A, Wijangco, J. Knauer,
D. Yount, D. Nease, J. Bronstein, R. Coleman, L. Cornell,

(G. Gladding, M. Gormley, R. Messner, T, O'Halloran, J, Sarracino,
A. Wattenberg, D. Wheeler, M. Binkley, R. Orr, J. Peoples, and

L. Read, Dimuon Production by Neuirons, Phys. Rev. Letters to be

published,



Fig. 1
Fig. 2
Fig. 3

FIGURE CAPTIONS
Layout of the two range telescopes in the 96-mrad configuration.
Integral dimuon spectra taken with the telescopes in the 76-mrad
configuration and (a) with the Meson Area target in place and
(b) with the target.
Integral dimuon spectra taken without the Meson Area target,
with the telescopes in the 9é~mrad configuration and with
(a) the telescopes as in Fig. 1 and (b) removing 5 ft of iron at
the front of each arm. The yields are over an order of magnitude

smaller than those of Fig. 2.
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