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Summary. — The production rate of °H in F *He annihilation between 0 and
600 MeV/c is deduced in an approximate way from that of *He, and the lower
and upper limits for the production rate of p and H are measured. The
momentum distributions for the different particles are given.

PACS 13.75Cs - Nucleon-nucleon interactions. including antinucleon,
deuteron. ete. (energy < 10 GeV).
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1. - Introduction.

In previous papers (**) we reported a number of experimental data on the
P ‘He interaction between 0 and 600MeV/c obtained with a self-shunted
streamer chamber in a magnetic field (®) at the LEAR facility of CERN. In
particular, we gave the cross-sections for the reaction (p ‘He— *He + anything)
at (192.8 £ 1.0), (306.2 = 1.8) and (607.7 £ 1.4) MeV/c (19.6, 48.7 and 179.6 MeV,
respectively) and its branching ratio for p at rest.

In this paper we contribute to this field with measurements of the production
of proton (p), deuterons (*H) and tritons (°H) both at rest and at the above
energies and of the momentum distributions of all the mentioned particles. In
addition, we summarize the results obtained in the preceding papers concerning
the reaction cross-sections for some J *He reaction channels, the total charged
prong multiplicity distributions and the negative-pion muitiplicity distributions.
Some results are given with a higher statistics than in the previous papers.
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This information is of particular interest in cosmological problems. as stressed
in ref. (). Moreover, it may help to understand the annihilation mechanism in
nuclear matter(*®), the nuclear structure () and the P-nucleon interaction ().

While interacting with *He nuclei, T undergo elastic and nonelastic inter-
actions. Above about 24 MeV the nonelastic interaction includes Pp charge
exchange, break-up and annihilation processes; below 24 MeV, only annihilation
is effective (¥). The annihilation is by far the strongest nonelastic interaction;
charge exchange contributes about 2%, only (*), and the other reactions about
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TABLE 1. - Number and type of the heavy charged particles produced in the P *He
annthilation. See text for the meaning of (A), (B), etc.

Total number of Number of heavy Type of heavy charged
charged prongs charged prongs particles

(4) even 1 SHe

B) odd 1 *H

(&) odd 0 —_

(D) odd 1 p, :H

(E) odd 2 (pp), (p*H)

6% (*). The final products of the annihilation events are mesons (mostly pions
(=), neutrons (n), p, 2H and °H.

We shall call any process which precedes the annihilation, such as pp charge
exchange and break-up reactions, an initial state interaction (ISI). We shall call
any process which follows the annihilation, such as pion-nucleon and nucleon-
nucleon interactions, a final-state interaction (FSI). ISI and FSI provoke the
disappearance of *H and *He from the final particles.

As was discussed in detail in ref. (*), in the annihilation events the type and
the number of heavy particles in the final state and the number of charged
prongs are related as shown in table I. (A) represents annihilation on neutrons;
(B) are annihilations on p; (C) are annihilations on p followed by (=p— =’n)
charge exchange or (=(pn)— nn) absorption interactions leading to all neutral
heavy particles (neutrons) in the final state; (D) are mainly annihilations on p
preceded by ISI or followed by FSI with break of the *H nuclei; (E) are mainly
annihilations on n preceded by ISI or followed by FSI with disintegration of the
*He nuclei.

We note that pion-nucleon charge exchange transforms events of type (D) into
events of type (E) and vice versa, but the operation is almost in balance so that
the numbers of events of type (D) and (E) are substantially unchanged (for a
discussion on this point see ref. (*%)). Hence the main effect of FSI is the break up
of *H and *He nuclei into 2H, p and n.

Above 24MeV, the Pp-in charge exchange interaction not followed by
annihilation contributes to the events with one heavy prong; the break-up
interaction not followed by annihilation contributes to the events with 2 and 3
charged prongs.

2. - °H production.

We recall that i) *He is produced only in even-prong events, ii) p, °H and *H
are produced only in odd-prong events and iii) odd-prong events with two heavy
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TABLE 1I. - Cross-sections (= (mb)) and branching ratios (P (%)) for different processes
occurring in the p*He interaction at four P momenta. sy =reaction cross-section
including all the nomelastic processes: scg =Dp-—»T0n charge exchange cross-section;
sgu = break-up cross-section with production of 2 and 3 heavy prongs; s, = annihilation
cross-section. s,(*He) = cross-section for the annihilation with production of *He nuclei.
=(Pp) and s(Pn) are cross-sections for annihilation on p and on n. PGHe) = percentage of
anmkilations with production of *He (P(He)=s,*He)s,); P,=percentage of
annihilations with production of an odd number of charged prongs; P(Dp) = percentage
of Pp annihilations; P(Pn) = percentage of Pn annihilations; P(2h)= percentage of
annihilations with production of 2 heavy prongs. PCH) = percentage of annihilations
with production of *H nuclei: <(*H) = cross-section for the annihilation with production of
*H: P(0, p, *H) = 1 — P(*He) — P(*H) = percentage of events with production of particles
other than *H and *He. PCH), =(°H) and P(0, p, *H) are some final resuits of this work.
The other data at rest are like those of ref. (), but were obtained with a higher statistics:
the data at 192.8 MeV/c and at 306.2 MeV/c are taken from ref. (%); the data at 607.7 MeV/c
are like those of ref. (%} but here the annihilation events are separated from the break-up
and the charge exchange ones. and a higher statistics was used. The break-up data are
taken from ref. (*). The charge exchange cross-section was evaluated to be about 2% of the
reaction cross-section (ref. (). At 306.2 MeV/c the break-up events are confused with the
annihilations (s, includes sgy); scg has been estimated; nonannihilation events should be
less than 10% (see data at 607.7 MeV/c). The errors displayed are statistical. Systematic
errors wn the total reaction cross-sections (due mainly to an error in the estimation of the
target transparency) are of the order of 3% (**); those for =gy are about 12% (*). The R
values at 306.2 MeV/c and at 607.7 MeV/c are underestimated by a factor smaller than 4%
due to Pp— Tin charge exchange effects (%),

= (mb) At rest 192.8 MeV/e 306.2 MeV/e 607.7MeV/e
P(%)
- 405.6 = 16.4 293.7+9.1 939.2 £ 5.0
7CE 6.1 47
’Jgu(z) 4.2 i 1.3
’4‘3[_](3) 11.3 i 2.6
- 405.6 + 16.4 287.6 8.9 219.0 + 6.0
+.(CHe) 93.2+ 7.9 58.6 + 4.1 34.0+1.8
) 247.8 £ 14.6 170.1 £ 8.2 139.7 8.0
Pn) 157.8 = 13.3 17.5+17.1 79.3 + 6.9
P(*He) 21.0%0.9 23.0+ 1.9 20.4+ 1.4 15.5+0.7
P, 79.0 £ 0.9 77.0+ 1.9 79.7 + 1.4 84.5 = 0.7
P(Pp) 67.6 2.3 61.1+2.6 59.2+2.1 63.8+3.2
P(pn) 32.4+2.1 38.9+2.6 40.8+2.1 36.2 £3.0
r=P0P 5 48+0.03 0.64 £0.05 0.69 + 0.04 0.57 £0.05
P(Pp)
P(2h) 11.322.0 159+ 1.8 20.5 % 3.0 20.7+2.9
PCH) 13.7=3.2 35.9 = 4.1 20.6+2.6 27.2+3.1
CH) 145.7+ 17.6 85.0+ 8.0 59.6 7.0

3=3.

MV
[
(4™

P(0,p,”H) 41.1+4.5 50.0 = 3.0 57.3+3.2
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prongs arise from pn annihilations (neglecting charge exchange effects). These
features allowed us (*) to measure the cross-section for the production of *He and
for the annihilation of § on p and on n bound in the *He structure, which are
reported in table II, together with other quantities useful in the following.

We notice that there are some differences between the values of the cross-
sections and of the percentages at rest and at 607MeV/c given in ref. (*) and
in table II. The new values are more reliable because a higher statistics was
used and the break-up events were separated from the annihilation ones at
607 MeVi/ic(*).

Starting from these data, we shall now calculate in an approximate way the
production of *H.

The percentage of events with annihilation on n and break up of the He
structure is

1) P(*He break) = P(pn) — P(*He) = P(pn) — P,,

where P(pn) is the percentage of annihilations on n bound in the *He structure
and P.= P(*He) is the percentage of even-prong events.
Similarly, for the case of Pp annihilation events, we write

@) P(*H break) = P(pp) — P(H),

where P(pp) refers to annihilation on p bound in the *He nucleus. Now we
assume

@ P(CH break) _ P(Pp) _ 1
P(He break) P(pn) R’

so that

@ P(H) = PCHe)/R .

As a partial justification of eq. (4), let us suppose that the only process which
breaks °H and *He is FSI involving pions. We can define the probability of FSI
with break up of *H and *He by the equations

- P(ﬁn) - Pe

( Prg(CHe) = —————2
5) rs1(*He) )
P(Pp) — PCH)

(6) P CH) =
rsrCH) B(Pp)

)



LIGHT NUCLEUS PRODUCTION IN P ‘He ANNIHILATION ETC. 329

and assume

PrgCH) _ £ (CH)

@ PrsiCHe) <L (He)

= Regr,

where =55, (®H) is the total cross-section for the interaction of the *H nucleus with
the pions produced in the Pn annihilations and sfs;(*He) has the same meaning
for “‘He. Combining eqgs. (5), (6) and (7), one obtains

& P(H) = P(Pp)(1 — R (1 — P./P(PD))).

The values of P,, P(pp) and P(Pn) are given in table II, while the value of Reg;
can be estimated in an approximate way as follows.

In the Pp annihilation the residual nucleons are (p + 2n) and, on the average,
the number of pions produced is (1.57" + 1.5=™ + 2z% (**). In the Pn annihilation
the residual nucleons are (n+ 2p) and the pions are (1=" + 2z~ +2z% (*). The
pion momenta are in the region of the baryonic resonance momentum
(~ 3800 MeV/e) (**¥), so, the cross-sections for the different pion-nucleon pairs are

T g —He

O { 1 i i i | N i

0 100 200 300 400 500 600 700
MeV/c

Fig. 1. - Cross-sections in mb as defined in caption of table II. =(pp) and s(Pn) correspond
to P(Pp) and P(Tp).

(*) R. BizzArrl, P. GUIDONI, F. MARCELJA, F. MARZANO, E. CoSTELLI and M. SESSA:
Nuovo Cimento A, 22, 225 (1974); T. KALOGEROPOULOS and G. S. TZANAKOS: Phys. Rev.
D, 22, 2585 (1980); R. ARMENTEROS and B. FRENCH: High Energy Physics, Vol. 4 (New
York, N.Y., 1969); U. AMALDI jr., B. CONFORTO, G. FIDECARO, H. STEINER, G. BARONI,
R. BizzaRRl, P. GuipoNI, V. Rossl, G. BrautTi, E. CasTtELL], M. CESCHIA, L.
CHERSOVANI and M. SESSA: Nuovo Cimento A, 46, 171 (1966).

(® J. RoY: pd annikilation at rest. in IV International Symposium on NN interaction,
(Syracuse. 1975), p. III 1; S. Sarro, Y. Hatrart, J. H. Kim and T. YAMAGETA: Inst.
Phys. Conf. Ser. No. 73: Section 8, VII European Symposium on Antiproton
Interactions (Durham, 1984), p. 519.

(*) B. H. BRANDSEN and R. G. MOORHOUSE: The Pion-Nucleon System (Princeton
Universitv Press, Princeton, N.Y., 1973).
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Fig. 2. - Percentages of annihilation events with production of *H, *He and of particles
other than °H and °He.

approximately in the ratio (*)
(=P :s(z'p)io(=p)isce = 9:4:1:2.
Therefore, considering the possible pion-nucleon pairs, one obtains
Regr =1.034.

As Rpg is close to 1, eq. (8) practically coincides with eq. (4). Equation (4) gives
for PGH) the values reported in table II, fig. 1 and fig. 2.

3. - p and H production.

For the production of p and 2H we can give only upper and lower limits. The
lower limit for a given particle is obtained from the percentage of events in which
this particle is recognized: the upper limit is obtained from the percentage of
events from which the presence of the same particle is excluded. To this end, we
have proceeded as follows.

First. we observe that the upper limits for the percentage of events, where
neither *H nor *He are produced (i.e. only pions, or p, or *H, are produced), is

9) P(0,p,?H) =1 - (P(He) + P(CH)).

0 means no heavy particles (only pions).

Second, protons are produced in all the events with 2 heavy prongs, the
percentage of which (P(2h)) was measured and is reported in table II. Third,
following the criteria described in ref. (*¥), we measured a sample of events and in

(%) F. BALESTRA. M. P. Bussa, L. Busso, L. Fava, L. FERRERO. D. PaNzIERI, G.
PIRAGINO. F. TOSELLO. G. BENDISCIOLI, G. FUMAGALLI, A. ROTONDI. P. SALVINL A.
ZENONL C. GUARALDO, A. MAGGIORA, YU. A. Batusov, I. V. FALOMKIN, G. B.
PONTECORVO, M. G. SapoziNIkoVv and E. Lobp1 RizzINt: Nucl. Instrum. M ethods A, 257,
114 (1987).
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part of them recognized the type of heavy particle produced. Also. we measured
the total charged prong multiplicity distributions (pions plus heavy prongs) of
the odd prong events with <1 heavy prongs (M,;) and with 2 heavy prongs (Ms),
(ZJ/IZ:' = P(2h)).

We calculated the lower limits for the production of no heavy-prong events, of
p or of *H, by the relations

Pl(O) = EJ’IHNH(O)/NU,
(10) P = S M Ny(p)/Ny + P(2h),
1 P,CH) = S M N, CH)Ny; + Z Mo, Noi(p*H)/N o,

where Ny;(x) is the number of <1 heavy-prong events of multiplicity ¢ in which
the particle x was recognized. Ny; is the corresponding total number of measured
events, Vo (p?H) is the number of two-prong events of multiplicity i where a
deuteron was identified and N; is the corresponding total number of measured
events; 1 is an odd number going from 1 to 9. The weights M,; and M,; were
measured firstly in ref. (%), but for the present work a higher statistics was used.
They were introduced in the preceding relations according to ref.(*) to
compensate for some inefficiency in recognizing <1 heavy-prong events and
two-prong events.

The upper limits for the different particle production are given by the
relations

[ P,(0) = (1 — PCH) — P(He)) — P,(p) — P,CCH) + S My; Noy(p *H)/N;,

P,(p)= 1- P(GH) - P(*He)) — Pi(0) - ZMliNli(zH)/N‘li =

11 3
4 =(1 - PCH) — P(*He)) — P,(0) — P,(*H) + 2 M N2 (p*H)/No;,

| P,(H) =(1 — P(*H) - P(*He)) — P,(0) — P,(p) + (P(2h) — P(2p)),

where P(2p) is the percentage of events in which 2 protons were recognized.

We measured the upper and lower limits for § at rest, at 306.2 MeV/c and at
607.7 MeV/c and the behaviour vs. P momentum of the probability intervals is
sketched in fig. 3. 644 events with D at rest and 459 at 607.7 MeV/c were utilized:
the numbers of odd-prong events where it was possible to recognize the presence
of =<1 heavy prongs or 2 heavy prongs were 231 and 184 at the two energies,
respectively.

We stress that the whole percentage of events without heavy prongs or with p
or *H cannot exceed (1-P(He)— P(H)). Of course, P,(0)+ P, (p)+
+ P,(*H)> P(0, p,*H) due to the normalization, because sometimes, in P(Zh)
cases, p and *H (or 2p) may occur in the same event.

Moreover, we note that above 24 MeV there is a small contribution to the
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Fig. 3. — Lower and upper limits for the production of no heavy prong (0h), p or *H. C
Production of *He. = Upper limit for the production of particles other than °H and *He.
(The same behaviour is reported in fig. 2.)

p*He interaction arising from the Pp— Tin charge exchange interaction and from
the break-up interaction. The latter one contributes to the *He production with
4.2mb (*), 1.9% of the annihilation eross-section; both processes contribute to the
°H production with more than about 5mb, i.e. 2.3% of the annihilation cross-
section.

4. — Comments.

One sees that

a) The production of ®H is higher than that of *He. This is a consequence of
the fact that s(pp) is higher than =(Pn) (see table II and ref. ().

b) The productions of *He and *H have the same magnitude with an
increase of that of 2H and a decrease of that of *He as the § momentum increases.
This result contradicts the prediction of ref. (**), which indicates a *H production
four times higher than that of *He. Moreover, the cross-section for the
production of *He found by us is higher by a factor of (1.5 +1.8) than that
predicted by ref. ().

5. — Momentum distributions of the heavy particles.

The momentum was measured following the criteria described in ref. (*)
based on the measurement of coordinates on stereoscopic plane projections and
on the spatial reconstruction of tracks by means of CERN geometry programs.

The ‘He gas target was at atmospheric pressure and the values of the
magnetic field for the different P momenta were: at rest 0.23 T (for part of the
events 0.41T), at 200 MeV/c 0.42T, at 300 MeV/c 0.62 T and at 600 MeV/c 0.81T.
The shortest tracks of the stopping *He nuclei were about 1cm in length.

As we have already stressed, *He nuclei are the only heavy particles produced
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in the even-prong events and. owing to high ionization. their tracks are not
confused with those of positive pions. Hence their momentum distributions at
different § momenta are not affected by confusion with other particles.

In the case of odd-prong events, the heavy particles may be p, *H or *H and
the recognition was performed on the basis of information such as the geometric
form of the track. the track luminosity, the streamer density and the baryon and
the electric charge conservation laws, as described in ref. (**). The prong analysis
led to three different situations: i) the particle is identified as p, *H or °H: ii) it is
not possible to distinguish among p, d and ®H, but the pion mass is excluded:; iii)
it is not possible to recognize the mass at all, i.e. it may be that of p, d, t or pion.

The momentum distributions for the different cases are shown in fig. 4a)-d)
and 5a), b); for the identified masses, some values of the kinetic energy are
reported on the abscissae too. Since, within the limits of our statistics, no
dependence on the p momentum appears, for each particle we summed up into a
sole histogram the momentum distributions at different § momenta. The

[ i 1 T T T T 1 1 T T i 1

o0 pe
- ) 4
2&20.— P
R L4y L | .
0 5 21 50 80 125 175
T b)
£ 20_ rrL—\——t——-—r“ -
At T } -l
0 2.5 10 24 40 65 35
N o
) ZOb_,-r—\_rL_r\ ;
! $ i i ¥ 1 ! 1 H
0 2 7 16 30 45 60
z 20‘: §
n } . i T : r —
¢} 2 7 16 30 45 80

Mev
§TTE6 B0 240 320 w00 80 %60
MeV/c
Fig. 4. - Momentum distributions for p, *H, *H and *He. The kinetic energies of the
different particles are indicated too. For each particle, the data at different p momentum
are included in the same histogram. @) Nyqes =296, b) Nimes =65, ¢) Nimeks = 86, d)
N = 297.
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Fig. 5. — Momentum distributions for heavy particles not identified as p, °H or *H and for
positive particles including =*, p, 2H and *H but not *He. @) Nias = 379, ) N racks = 452.

direction of most of the identified prongs is within * 30° with respect to a plane
perpendicular to the magnetic-field direction. This favours good stereoscopic
view and good precision‘in the curvature measurement. Typical relative errors
(mean values) of the momenta of the identified particles for p at rest and at
607 MeV/c are: for *He, 14.4% and 2.3%; for p, 13.7% and 9.9%; for =™, 19.8% and
10.0%, respectively. As expected, the errors increase as the magnetic field
decreases (from 0.81T down to 0.23T).

The momentum distributions for *H, *H and *He extend mostly below
500 MeV/e, with a maximum for *H and ®He around 130 MeV/e (4 MeV). The
mean value of the *He momentum is (198 +9) MeV/e. The momentum
distribution of p extends up to 600MeV/c with a large maximum around
160 MeV/c (12.5 MeV). Combining these distributions one obtains a distribution
like that of fig. 5a). We stress again that only the *He momentum distribution is
not affected by the inefficiency in mass identification.

Presumably, the momentum distribution of the protons extends above
600 MeV/c, but at these high momenta protons and pions produce nearly the
same ionization and are not distinguishable. In fact. the momentum distribution
of the unidentified positive particles (heavy particles plus mesons) extends above
600 MeV/c (fig. 5b)) and the comparison between the momentum distributions of
the negative and the identified positive mesons points to a lack of positive
mesons with high momentum.

For comparison. we report also (see fig. 6 and 7) the momentum distributions
at rest and at 600 MeV/c of the =~ produced in all the events and that of the == in
the events with production of ®He. These distributions are not affected by the
presence of the momenta of other particles. For the case of P at rest (low value
of the magnetic fieid), only tracks within * 30° with respect to a plane perpen-
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Fig. 6. — (=)=~ momentum distribution for P at rest (500 tracks). (...)=* momentum

distribution for events with production of *He (173 tracks). The curve represents the

behaviour of the =~ momentum distribution from Pn annihilation in deuterium at rest (**);

it is normalized in such a way that its maximum is as high as that of the histogram for =~.
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Fig. 7. - (<)=" momentum distribution for 600 MeV/c p (511 tracks). The curve represents
the momentum distribution of =~ produced in Pp annihilation at 700 MeV/c ().

dicular to the magnetic-field direction were selected. The =~ distribution at rest
is compared with the same distribution for the annihilation pn— =~ + anything in
deuterium(*) and the distribution at 600MeV/c is compared with the ==
distribution for pp annihilation in hydrogen at 700 MeV/c (*).

One sees that the =~ and == distributions from ‘He are richer in lower
momenta than that from deuterium. This is due mainly to the FSI which allows
transfer of momentum from the annihilation pions to the recoil nuclei (*H or *He),
that may break into nucleons. The percentage of =-nucleon FSI with break up of
°H and *He is given at most by (1 — P((H) —~ P(*He)), and the values are listed in
table II.

In spite of the impossibility of identifying all the positive particles, it is
possible to calculate the mean numbers per event of heavy charged prongs and of
positive mesons. Indeed. neglecting =N charge exchange effects, the mean
number per event of heavy charged prongs is given by the formula

(ny) =1% P(1h) + 2 x P(2h) =1 x (P(Fp) + P(*He)) + 2 X P(2h)
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and the mean number of =~ per event is given by

(n.-) = (ne) = (n-) = ()

where (n.) is the mean number of charged prong per event and {n.-) is the
mean number of =~. (n,) and (n.-) are known experimentally from the charged-
prong multiniicity distributions (see ref. (**) and fig. 8) and are reported in table
III. together wih the calculated values of (n,) and (n.-). Due to the occurrence
of events without heavy prongs (see fig. 3), (n,) is overestimated ((5 + 10)%), so
that the values of (7n.-) are underestimated. accordingly.

50 192.8~ 306.2 -
@) at rest— \» /C— 607.7

Pt

n. ((’/o)
(°/o)

s 7 8, ¢ .
Fig. 8. - Multiplicity distributions at four energies of the total number of charged prongs
and of the negative pions. At rest, at 192.8 and 607.7 MeV/c only annihilation events are
considered: at 306.2 MeV/e a small number of break-up events is included (see text). Total
number of events utilized: at rest, 2677; at 192.8 MeV/c, 612; at 192.8 MeV/c, 1042; at
607.7MeV/c, 2859.

TABLE III. - Mean number per event of charged prongs, == and heavy particles at four o
momenta. The data at 306.2MeV/e include a small background of annihilationless
events (see text).

At rest 192.8 306.2 607.7
(m.) 4.10£0.07 3.98+£0.17 4.06 £0.13 4.18 £0.07
{n.-) 1.65+£0.03 1.59 £0.07 1.63+£0.06 1.66 £ 0.03
{ny) 1.11+£0.05 1.16 £ 0.05 1.21 £0.06 1.21+£0.04
{n.-) 1.33 £ 0.09 1.23+0.19 1.21+£0.16 1.31+0.09

From the above mean values and the numbers of identified == and heavy
prongs, we estimated that both =~ and heavy particles contribute about 50% each
to the momentum distribution of the unidentified particles. We note that the
values of {n.-) and (n.-) and of ratio (n.-)/{n_-) are close to those found for the
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D annihilation in deuterium (**) and carbon (**) and higher than those found for Ag
and Br in photographic emulsions (**).

6. — Conclusions.

The production of °H in the annihilation of P on ‘He at rest and at 192.8, 306.2
and 607.7MeV/c was deduced in an approximate way from the measured
production of *He. Lower and upper limits for the production of p and *H and for
the pp annihilation followed by (="p— =’n) charge exchange or (=~(pn)— nn)
absorption were measured. The results are shown in table II and fig. 2 and 3.
The production of *H is higher than that of 3He and both decrease with the
momentum, so that the production of other particles increases accordingly. The
production of ®°H is of the same order of magnitude as that of *He. The results on
‘H and °‘He disagree strongly with the theoretical predictions of ref. ().

The momentum distributions of p, *°H, *H, He were measured too (see fig. 4
and 5). Within the limits of our statistics, for each particle, the momentum
distribution does not depend on the p momentum. The *H and *He distributions
have maxima around 130 MeV/c (4 MeV), while the = momentum distributions
exhibit maxima around 180 MeV/c. The latter ones are richer in lower momenta
than the momentum distributions of the pions produced in annihilation on
hydrogen and deuterium.

Note added in proofs.

After this work was sent for the publication, a paper has been published (V. L
NAZARUK: Sov. J. Nucl. Phys., 46, 51 (1987)) where the cross-sections for p*He
interaction with production of *H and *H are calculated with the help of the diagram
technique of the theory of direct reactions. The calculations reproduce quite well our data.

(*y L. E. AGNEW jr., T. ELIOFF. W. B. FOWLER, R. L. LANDER, W. M. PowELL, E.
SEGRE. H. M. STEINER. H. S. WHITE, C. WIEGAND and T. YPSILANTIS: Phys. Rev., 118,
1371 (1960). )

() A. G. EXSPONG, A. FRISK. S. NILSSON and B. E. RONNE: Nucl. Phys., 22, 353 (1961).

® RIASSUNTO

Viene ricavato in modo approssimato il tasso di produzione di °H nell’annichilazione p *He
fra 0 e 600 MeV/c e vengono misurati i limiti superiore e inferiore per la produzione dip e
“H nella stessa reazione. Vengono inoltre riportate le distribuzioni d’impuiso delle
particelle menzionate.
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Poxnenue nerkux suxep npu p ‘He anauruisioun B 061acta uMmyancos ot 0 1o 600 MaB/c.

Pestome (*). — IIpuGmikeHHO onpenenseTci HHTEHCHMBHOCTE oOpasopanus °H.
M3MepAIOTCS BEpXHME ¥ HUXKHMe Tpeflelbl CKOpocTH obpasopanust p u -H mpu p ‘He
aHHWUTWIAUKME B obnact umnynecoB oT O po 600 MaB/c. IIpuBOmATCH HMITVILCHBIE
pacnpeneseHusl I Pa3iNyHbIX YacTHLU.

(*) Iepesedeno peoaruueil.
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