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Muon pair production with small invariant mass has been observed
beyond the nucleon-nucleon kinematic limit. The obtained value of
cross-section does not contradict a universal picture of the cumulative
effect.
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I KCIiepHMEHT 10 TOHCKY 00pa3oBaHuA
KYMYJIATHBHBIX MIOOHHBIX I1ap ¢ MaJIOH
MHBapUaHTHOM Maccoi

C.B.AdanaceeB u nip.

Ipouecc poXAeHHUA MIOCOHHBIX NAp C MaJioH MHBApHAHTHOH MaccOM
GBI 3aperMCTPUPOBAH 32 KHHEMATHUECKHM IIpEesIoM HyKIOH-HYKJIOH-
HBIX coynapeHuil. [lonyueHHas BelMYMHa CeyeHHA [UIA JTOro Mpoliecca
He IPOTHBOPEYHT PaHee yCTAHOBIICHHOM YHHBEPCATTLHON KapTHHE KYMY-
JISTHBHBIX NPOHECCOB.

Pa6ora BbinonHesa B JlaGopatopum BbicokHMx 3Hepruit OUAN.

Introduction

Dimuon production in hadron-nucleus and nucleus-nucleus col-
lisions is a direct source of information about their internal structure.
Besides, it makes possible to select a vector meson production signal
by a lepton decay mode. The latter circumstance is of particular signi-
ficance in relativistic nuclei collisions, where combinatorial background
brings forth problems in resonance signal isolation by hadronic decay
mode.

The program of research of the cumulatlve particle production -
in the framework of the SPHERE prOJect / foresees studies of cumula-
tive vector mesons. From the experimental point of view, a forward
dipole magnet spectrometer of the setup SPHERE is apparently an op-
timum solution for the registration of muon pairs in a relatively narrow
forward angle cone corresponding to the fragmentation of beam nuc-
leus. The relativistic invariant scale variable or cumulative number
X1, used earlier for the description of cumulative production in the
target fragmentation region /2 can be considered as a minimum target
mass in units of the nucleon mass. Let us define X;. For the beam frag-
mentation it corresponds to a beam particle momentum part needed to
obey the 4-momentum conservation law for particle production with
a given momentum and mass. In this case using lab. system variables,
the expression X ;1 ‘can be written as:
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where E , and P, are the beam nucleus total energy and momentum
per nucleon, respectively; Mp, the nucleon mass; Ey, By , M uu and
0+ the total energy, momentum, mass and production angle of the cumu-
lative particle, respectively. If the energies are much larger than the mas-
ses at a zero production angle, one can obtain a simple approximation
of formula (1):

E
x1=-—-E”“.
0

Figure 1 shows a relation between X; and momentum P. for the
particle with mass M uu =170 MeV/c 2 flying straightforward.

As established in the experiment 3’ , the inclusive spectra of cumu-
lative particles can be described reasonably well with the function:

L B3 | Cexp(ox/<x>) g(p?, )
A t ,

where <X> =0.12 for deuteron fragmentation.
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To estimate the dimuon cross-section normalization parameter C,
and to investigate the possibility of observing resonances near and
beyond the nucleon-nucleon kinematic limit, we have made measure-
ments of deuteron beam fragmentation into dimuons by the beam dump
method. Electromagnetic losses of energy put restri ctions on a minimum
momentum of the muon penetrating through the absorber material. In
addition, the absorber extinguishes a hadron-electromagnetic shower
caused by the incoming deuteron. Such an approach permitted the
muon pair production with large invariant mass to be measured down to
very small cross-sections ’%/. At the present time the absence of biolo-
gical shielding around the SPHERE experimental area limits the value
of admissible beam intensity. The beam dump method opens up a pos-
sibilities to gain greater luminosity.

Setup Description

Measurements were taken with a beam dump assembly using detec-
tors intended for a forward part of the SPHERE spectrometer (see fig.2).
The beam particles were 4.5 GeV/c per nucleon deuterons extracted
from the Dubna Synchrophasotron with an intensity of about 10 ® per
accelerator cycle. The lead target (0.5x0.5x0.5 m3) served as a seconda-
ry hadron absorber. The beam was monitored by the telescope compo-
sed of three scintillation counters S1, S2 and S3 with the dimensions
of 90x90x5 mm®, 120x120x10 mm® and 50x50x3 mm 3, respectively.

The muon pairs from the target were detected by scintillation hodo-
scopes H1-H4. The hodoscopes were interleaved with half a metre thick
iron absorbers. Each hodoscope consists of three planes. The counters
in the X-plane are oriented along the y-axis (vertical) while those in the
Y-plane along the x-axis (horizontal). The U-plane which is needed to
correlate X-plane hits with Y-plane ones, is rotated with respect to the
horizontal axis by 20° Each plane was assembled of twenty
1000x40x5 mm3 and six 440x40x5 mm 3 scintillation bars. The hodo-
scope counters were made of polystyrene scintillator’ */ Each bar is viewed
on one side through a plexiglass light guide by a FEU-85 photomulti-
plier. A 120x120 mm? hole was made in the center of each hodosco-
pe plane. ‘

A 56-cell Cherenkov matrix hodoscope was used to determine
a muon intersection coordinate more precisely. Each hodoscope cell
consisted of a 50x50x25 mm?® plexiglass Cherenkov light radiator
and a FEU-85 photomultiplier.
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Registration Efficiency and Background

The arrangement of the setup components and the thickness of the
absorbers were optimized by means of GEANT3 program package/ 8/
for the registration of cumulative muon pairs. Simulation included the
distributions of inelastic deuteron vertices in a lead absorber and the mo-
menta of muons produced by decay of a particle with mass My, » longi-
tudinal and transverse momentum P, and P,, correspondingto X 1>1
(see fig.1). Some 103 decays were generated for each desirable combi-
nation of M,,, P, and Py. The trajectories of muons were calculated
up to the exit of tracks from the working volume or to stopping points
inside it. Electromagnetic losses of energy and multiple scattering were
taken into account. The pairs penetrating beyond planes H1-H4 and mis-
sing' the central hole in H1 were selected. The requirement for opposite
signs of muon coordinates in the X-Y projection gave an additional
constraint to be essential for decays with nonzero P '
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We defined the registration
efficiency as the number of
events satisfying the described
I‘I\DA fs%ocﬁ/e/vc 2 conditions divided by t¥1e totafl

number of generated pairs at gi-

ven Muu’ Pg and P; . Figure 3

shows the efficiency as a func-

tion of these parameters. The pe-

netration efficiency curve for the

forward production of mass

b My = 250 MeV/c® is presen-

o 100 200 MM \‘/°° 0 80 7% ted in fig.83a. The comparison

P Mev/e with fig.2 shows a highly effecti-

Fig.3. ve selection of muons within the

" cumulative region by hodoscopes

H3 and H4. The efficiency smoothly decreases with increasing the pair

mass (fig.3b, upper curve). The central hole in H1 changes significantly

the shape of this curve (fig.3b, lower curve). The shape of the P, -depen-

dence is presented in fig.3c for M,,= 600 MeV/c? correspondmg toa
maximum in fig.3b.

Besides, it was necessary to estimate the fraction of noninteracting
pion pairs, muons from pion decays and their combination. For the first
time such a background was estimated in the expenment , devoted
to the measurement of muon pair photoproduction. Stopping power me-
thod was used to determine the muon energy and to suppress the hadron
flux. The dimensions of setup .were approximately the same as ours.
The total background was 14%. v
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On generating the passage of 10° pions with a momentum of
2 GeV/c, only 97 pions and 139 decay muons have passed up to H3.
Thus, penetration probability is about 3-10 =3, The ratio of the decay
branching (0° » 4"u”) /(p°+ #*7) is equal to 7.3-10~%. This gives
the background at a level of 8%. '

For analytical calculations of these background processes, the =
pair production cross-section was assumed to be 10% times larger than
the cross-section for u pair production. The inelastic cross-section for
pion collisions with Pb and Fe were taken from paper %/ From our cal-
culation the background percentage as compared to the u pair rate is:

W(r,n) =2% W(r, u) =6% W(u,u)=5%.

Both estimates are in more or less good agreement. .

Double nuclear scattering makes an additional contribution. Muon
pair production in the secondary interaction process is due to the follo-
wing chain:

D+Pb—)P+Xl
L—-—-—-»P+Pb-»p+u"+X2,

where Xy and X ; are any other products of the reactions, P denotes
the secondary nucleon producing g pair in collision with lead nucleus.
The proton momentum has to be greater than or equal to the incident
deuteron momentum per nucleon because the cumulative scale variable
X, for detecting 1 pairs, approximately equals 1. For this kinematic
region the deuteron fragmentation cross-sections on 1H, 'D and 2 C,
were measured in experiments’10:11/  The cross-section on lead was
obtained from extrapolation of these data assuming an A®%/3 depen-
dence. The muon pair production cross-section in secondary interactions,
was brought out from ref. 1%/, Consequently, the double nuclear scat-
tering background compared to the g pair rate is:

W(DPb- PPb- uu) = 6%.

Thus, the total background for muon pair registration, does not
exceed:

W <19%,

Trigger and Data Acquisition

Figure 4 shows a logic diagram of the trigger and data acquisition
systems. To achieve the goal of triggering on dimuon events and reducing
the background to a minimum while keeping a reasonable length of cable
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delays, the trigger decision is made at two levels with stepwise decrea-
sing rates.

A flow chart of the trigger logic is shown in more detail in fig.5.
The first level trigger (pretrigger) is provided by the coincidence of
a beam monitor signal and 3 OR signals from the X-planes of hodosco-
pes H1-H3. In turn, the beam monitor signal is caused by the coinci-
dence of 3 signals from the monitor scintillation counters vetoed by
a beam particle pile-up detection circuit with 35 ns resolution time. This
ensures at least one charged particle to pass through the first three hodo-
scopes and to be uniquely related in time to a single beam particle.

The second level trigger uses signals from the fast logical OR out-
puts of the latches of the hodoscopes’ counters (coincidence registers).
A positive trigger decision is issued in the case of coincidence of 12 OR
signals from each half of the X and Y-planes of hodoscopes H1-H3. Thus,
the requirement on a passage of at least two particles having some degree
of scattering symmetry is realized.

The typical beam intensity was = 10 © per spill, the pile-up detec-
tor rate » 2-109, the pretrigger rate ~ 800 and a trigger rate, 0.1. The
total rates of hodoscopes H1, H2 and H3 were 108, 5105 and 5-104
respectively.

The hodoscope planes provide coordinate information. In addition,
analog and time information is read out from each counter of the H3 ho-
doscope Y-plane. For time measurements a common start’’ signal is pro-
vided by beam counter S3; each counter of this plane issues a “’stop”’ sig-
nal for its TDC channel. All data are recorded in the latches, ADCs and
TDCs by a pretrigger induced strobe. The strobe duration for the latches
is about 60 ns. A positive decision on the second level trigger initiates
a data readout procedure. Readout is performed by a CAMAC branch
driver 8/ with three A-1 ‘crate controllers via a direct memory access
channel into an on-line computer. The time needed for acquisition of
one event of a 238 byte length is about 0.8 ms. In the case of a negative
decision the trigger logic generates a fast reset signal for CAMAC modu-
les. The deadtime for such an event does not exceed 2 us .

Data acquisition is performed by two computers: Elektronika-60
(LSI-11 compatible) and IBM PC/XT. Elektronika-60 directly connected
to the CAMAC branch acquires data event by event into a memory buf-
fer during a spill. The data are transferred to IBM PC/XT via a VME me-
mory module between accelerator cycles. To interchange control words
and messages, the computers are interconnected by means of a standard
serial interface RS-232C. This interface can be also used- as an auxiliary
channel for data transfer. IBM PC/XT writes data on a hard disk, books,
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displays  histograms, displays event topology and performs overall
control of the experiment.

Data Analysis and Event Identification

A total statistics of 9217 events triggered as described above was re-
corded during a two-week run. This corresponds to 4.0-10 1 deuterons
passed towards the target. ,

Events which do not contradict the hypothesis of passage of two
charged particles through at least the first three hodoscopes were picked
out by stepwise application of the selection criteria. Such an approach al-
lows one to estimate the upper and lower limits of the effect cross-sect-
tion under the conditions of poor track-finding possibilities. Because of
strong influence of multiple scattering, we decided to apply the follo-
wing cuts: ,

— the number of signals from each plane of hodoscope H1 should
be less than 7, H2 — less than 6 and H3 — less than 5;

— the number of resolved hits at each hodoscope should be greater
than 1 and less than 5; a hit was assumed as “resolved” in the case of
three-fold X, Y, U crossing or two-fold X, Y crossing at the areas not co-
vered by the U-planes;

— all hits at the first hodoscope should be located in the central
square with a 40 cm side;

— there should be at least two hits at each hodoscope with opposite
sign coordinates. _

The first and third cuts suppress the hadronic shower contribution,
the second one suppresses the contribution of a neutron flux and the
fourth one affirms a trigger condition for these hits. The analysis of the
time spectra has shown a negligible contribution of accidentals. All the
above criteria were satisfied by 43 events. This number was taken as a ba-
sis to estimate the upper limit of the cross-section.

At the second stage these events were passed through the track fin-
ding procedure and visual analysis of the longitudinal and transverse pro-
jections of the hits in the hodoscopes; 5 candidates in “’good”” dimuon
events were picked out. Figure 6 shows a longitudinal projection of one
of these events. They served as a basis for estimating the lower limit.
In other words, we have determined limits on the dimuon yield within
the covered kinematic region.
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Cross-Section Estimation

The goal of the experiment was to measure the integral muon pair
production cross-section within the covered angle, momentum and effec-
tive mass regions. The C parameter can be estimated, assuming cross-sec-
tion parametrization (2). The formula for muon pair yield may be writ-
ten as:

L 2
N, =IdNA£: P, fexn(-a, 1) al jR-dp s am fa(eoss) s g x
3
do ®
dpam

where I4 is the total deuteron flux; N, , Avogadro number; P> A and
L, the density, atomic number and thickness of the target, respectwely,

, the efficiency for the u pair registration; a;, » the inverse nuclear
melastxc length of deuterons in lead; & and ¢, polar and azimuthal
angles . respectively; Edo/d de, the invariant cross-section for u pair
production.
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We suppose that the cross-section parametrization 1s similar to that
used in cumulative particle production 718/

do

E = C - exp(-X/<X>) -¢(p2) (M

Uﬂ-) ¢
dde
The transverse momentum dependence qS(pZ) is assumed to be the

same as that for cumulative pion production:
2 2
#(p,) =0.9- exp(~-2.7-p;) +0.1.

The mass dependence f(M,,) contains the Breit — Winger mass distri-
bution of the p-meson and a constant continuum:

1 . 28
e 27 (M -M)2 4+T %4 ol
pp P

p

where M. and I _ are the mass and the width of the p -meson, respec-
tively, 8, the ratio of continuum to p-meson signal for M M

Integratmg expression (3), we derive a relation between the experi-
mentally observed values N, and Iq4:
N 06 . 10-10
Nyu=0.6 cm‘a 10 Id.
Using the total deuteron flux, the upper and lower limits of the registe-
red muon pairs, we obtain:

3

Cuud = 21+ 21) mb- GeV ..

After integration over the covered mass region, the upper and lower li-
mits of the muon pair production cross-section are equal to:

X - 0.9 1.0 1.2

g (m_ 23) (1.2:12)-10~%  (5.0:50)-10"*  (9.5:95).10"

dp GeV /¢

To compare this with the cross-section of /cl>mulat1ve pion produc-
tion, we have to extrapolate the known data on proton-deuteron
collisions. Assuming the A%/3 dependence of the deuteron fragmen-
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tation cross-section into cumulative pions, we obtain its value for lead.
This gives us, for the same cumulative number X, a reasonable relation:

- . > -4
E. do/dp)w = (E - da/dp)” -10 .

Conclusions

We have searched for the deuteron fragmentation into cumulative

muon pairs with small invariant mass. Our result can be summarized as
follows: the muon pair production beyound the kinematic limit of nuc-
leon-nucleon collisions has been observed. The cross-section estimate
does not contradict the previously established picture of the universali-
ty of cumulative production. The obtained results could serve as a star-
ting point for experiments to be planned in this field.
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