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DIFFERINTIAL CROSS SECTIONS FOR THE REACTION D + p > 7 + &
' EETWEEN 2.1 and 8.9 Gev/c

o
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J. Walters and A.ll, Wetherell

This letter reports the results of measurements of the differential

crogs section for the reazction

P+p-~ 7o d
(1)
performed at incident proton momenta of 2.1, 3.6, Lel, 45, 6.6 and
8.9 Gev/c, and for a deuteron emission angle of 60 mrad in the laboratory i

system.

The kinematics of reaction (1) are such that deuterons enitted
forward in the c.m, system and detected at 60 mrad leboratory angle have

momenta ébout_jOQ Mev/c higher than elastically scattered protons, and

‘econsequently higher than lighter particles emitted in the p - p interaction.

In a momzntum region of so 1little background, the deuteron peak from reac-

tion (1) can be isolated by measuring, with good resolﬁtidn, the momentum

~ spectrum of the positively charged particles emitted by the interaction of

mono-energetic protons wifh a proton target;

The internal beam of the CERN proton synchrotron was used at a
beam intensity of 2~6 x 101? protons per pulse and a repetition time of
1.5 sec, The stability of the beam energy was better than two parts in a
thousand. Targets of CHp and C were alternately flipped into the beam,

The positively gharnedsecondaries emitted at 60 mrad to the beam were

analyzed by a magnetic spectrometer consisting of the following components s




i)mg_oollimator, 6.5 mm wide, located 36 m from the target.

1i)'Fouf 2 m bending magnets centered at L2 m from the target,
which were oxcited by the same generator. The magnetic
field was kept constant within onc part in 107,

iii) A counter system consisting of 5 doublb 001n01denoe chan-

nels which analyzed, 51mu1taneouslyr 5 momenta differing
one From anbthor by ~ 0.2%., The bending angles defined by
these telescopes were aboutb 220 mrad. At e distance of
86 m from the target, the defining scintillators of each
channel (6 mm wide, 10 cm high) subtended a solid angle
T ‘10—7“sterad, Vacuum pipes end He bags kept the scatte- a
ring of the particles along the spectrometer to a miniﬁpmq .
The overall momentum resolution of the system wes less
than 1%.

Monentun gpectin of the sceendaricsfrom the p - p collisions

were obtained from the CH. and C spectra by subtraction, using the Be’

" activity of thc target to find the subtraction constant, and the measured
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values 1of the Be’ cross section to obtain absolute cross scetions. The
elastic p ~ p .cross soebions obtained are in goo& agreement with those
found in other bxpcrlmentsza At 2.1 Gev/c, an accident duriﬁg the oxpéril“
ment prcvontod the muasurement of “the Bo? target activity, and absolute o

cross sections at thls p01nt were ‘not cbtained,

-
-

The gix momentum spectra obtained are shewn in Fig. 1; The proof
that. the observed smaller peaks are 1ndcod produced by deuturona from reac~
tion{1) rests on the following facts. First, at the incident proton mqmentum
of 2,1 Gev/c the time of flight of the particleg in the smaller‘peak; measﬁfed
over a lo'm:flight'path, was found to be L3 na, as expectea if' the particles
were déuterohs. (The oxpected time of flight for protens was 26 ns, for
T mesbns 33 ns). Second, the mass of the particle accompanying the deuteron,
as deduoed from the momenta at which the deuteron pesks were dbserved was -

equal to that of the w moson within 50 1 Mov.
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Teble 1 gives the cross sections obtained, the errors quoted
take into account both the statistical fluctuations and those due to the
subtraction method., Iilg. 2a shows the differential cross scoetions from
this experiment together with those deduced from ovher ¢hoorvabicns®,
324

Pho avadlakle sotel cross seciion dato are glven in Fig, Zb.

Tn a countor experiment at 1.3 Gev/c Mescheryakev et al® found’
an angular distribution of the form 1 + (ke & 3.1)c0s®®, .while at
2.84 Gev/e B. Sechi Zorn®, using a H, bubble chamber, found approximetely

1+ 2 cos%%h In the 2.~ L Gev/c momentum range a laboratory angle of

ST
60 mrad corresponds to cos 9, % 0.96 and the @ifference between the diffe-
rential cross scction at O° and at 60 mrad can be neglected. Hence the

results of Collins et al”, obtained at e,

®1ab = 0° and plotted in Fig., 2a without further correction.

= 180°, were transformed to

A possible explanation of the sharp peak in Fig, 2a might be
a very raﬁid nafrowing of the angular distribution which could,'at a fixed
laboratory aﬁgle of observation, lead to first a risc and then a rapid fall
iﬁ”thé difforential cross scotion as the distribution moved ingide the angle
of observation. The data available on the angular distribution, up to
2.84 Gev/e, do not seem to support this possibility slthough a violent change
between 2,84 and L4.10 Gev/e cannot bo oxcluded. If the angular distribution
docs not change rapidly over the peak, Fig, 2a can be considercd to reflect
the shape of the tobal cross scebion for reaction (1), and indeed the points

of Fig. 2h are not inconsistent with this,.

_ It appeers therefore that the sharp peak arises from a radical
change in angular.ﬁistribution, from a peak in the total cross sections, or
from the combination of both effecis. In any of these cases a resonant
behaviour in the cross section for reaction (1) is suggested at a ai-proton
mass of 2.9 Gev. The width of the peak, in the di-proton rest systom, is

* 100 Mev,




The mechanism for an effectively resonant di-proton interaction
is not clear but it is intercsiing to remark that the sum of tho masses of
the nucleonﬂénd the 1,92 Gov plon-nucleon isotopic spin 3/2 state is 2.86 Gev,
very close 1o the_oﬁserved peak. A similar numerical coincidence occurs at
© the strong low énerg& péak, shown in Fig. 2b, for which the total c.m. energy
is 2,16 Gev, just the sum of the masses of the nucleon and the first pilon-
rmicleon resonance (3/2, 3/2). A calculation by S, Mandelstem® has shown that
.contributions ffbﬁ.the (3/2,:3/2) state are necessary td‘pfoduce a fa@id drop
in crdsé‘ééction onn the high energy side of the low energy peek, These rémarks
suggest é connection between the high energy deuteron peak and‘the-higher

nucleon-resonances but any such suggestion is obviougly very tentative,

We wish to thank the CKRW proton synchrotron machino-division for
operating the accelerator under the stringent and non—-siandard conditions
- necessary for this experiment, Thanks are also due to Dr. A.N. Diddens; for
aid in the latier runs of the experiment, and to Drss A, Stanghellini, and
M, Naueﬁberg for useful discussions. We are grateful to R. Domnet, C.i, Sherwood
- and C.d. Stahlbrandt for their assistance with the experimental equipment end

to B, Carlson for assistance with the data reduction.
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Table I, Differential cross sections for the renction p+ p -7 +d at
60 mrad laboratory angle. Po is the incident proton momentum

and B* is the tobtal energy in the c.m. system.

Po(Gev/c) <-%%L>Lab %%-, % (Gev) Cos® | (:%%;> ) ;55"
3.6 150 + 15 3.0 0.97 7.7 * 0.8
. Yot 80 # 10 3.1 0.96 4.0 % 0.5
© %5 75 = 10 3.3 0.96 3,7 * 0.5
6.6 16 + 2 3.8 0,96 0.68 * 0.09
8.9 5+ 2 ol 0.95 0.22 * 0,07
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Figure 1

Figure 2(a)

(v)

FIGURE CAPTTONS

The Momentum spectra of secondaries from p ~ p collisions
for various incident proton momenta, The p -~ p elastic
scattering peaks ave drawn on different scales from the
deuteron poﬁks ag indicated.

For the 2,1 Gev/c dsta the scales arc arbitrary.

The mass scales, m s located above the deubteron péaks give
the momentum expected for the deutoron emitted in the reasc-

tion p + p > x + d, where x has mass .

Leboratory differential cross sections for the reaction
pP+p- 7" + d as a function of incident proton momenta

S
and of the total energy in the di-proton rest system (B ).

The data are teken from this cxperiment and from reference 3,

Total cross sections for the reaction p+pea o+d

The data are taken from references 3 and i,
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