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Investigations of inclusive cross sections in the charge exchange reaction (*He,t)
have shown 12 that the A peak in the triton energy spectrum was broader and
shifted towards a high energy region in case of nuclear targets as compared with
charge exchange on hydrogen. In the subsequent experiments this effect was con-
firmed for a wide energy scale 3 and different projectiles 4. Effects like de-excitation
of delta via the non-mesonic channel %6 AN — NN or collective effects associated
with the Ah propagation 7% 9 10 were suggested to explain these features. The
A excitation in the projectile was considered in !! where it was shown to produce
a shift of strength to lower excitation energies, although the peak position was not
moved.

Recently experiments using 4x facilities were provided 12 13, 14 I this way
significant information about the role of effects like non-mesonic decay of the delta
isobar AN — NN was obtained. One of the byproducts of the theoretical studies
of this reaction was the finding of coherent pion production as a relevant channel
10,15, 16 phe peak of this channel is shifted to lower excitation energies and approx-
imately coincides with the peak of the inclusive cross section. Some measurement
of this channel have already been reported 17.”Yet, it is important that . .. the reac-
tions which one is discussing here are rather complex and there are many reaction
channels open which collaborate, or sometimes compete, in producing the observed
experimental strength” 18, Our experiment was devoted to an attempt to find all
relevant ingredients of the channel where a single pion was observed in the final state.

The experiments were performed using the GIBS spectrometer facility (strea-
mer chamber with C-1.30 g/cm? and Mg-1.56 g/cm? targets) in a tritium beam
(secondary, produced by the fragmentation of a “He beam) with mean momentum
over a 9 GeV/c region. The details of the experiment were discussed in the previous
papers 19 Here we would like to remind of a short list of the event measurement
accuracy available in the analysis. The momenta of all charged particles were mea-
sured for all the events. The typical measurement accuracy of momentum was 2-3%
for *He nuclei and 1-2% for 7~ and protons. The angles were measured with an error
equal approximately to a few milliradians.

All positive secondary particles were regarded as protons and negative par-
ticles as 7~ . There was no doubt to identify the 3He track. It should be noted
that in this analysis only the events where a single 7~ accompanies a t—>He charge
exchange were included . Assuming that the reaction occurs on a quasi-free target
nucleon, the isotopic relations (see “) show that major part of the events with a
single 7~ should be conditioned by A~—isobar excited on a target neutron. It is not
too difficult to calculate the spectra of ®He and pions for this case.

We have used the same formulae and parameters as Jackson 2! to obtain the
delta mass distribution:
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a=22; Tog=123MeV, wg=1232MeV.
These formulae provide the W{w) distribution of delta mass w and, subsequently,
pion momentum ¢ in the A frame. Fig.la and 1b show that the model is good enough
to describe the experimental data 22 for the charge exchange reaction on hydrogen
target p(*He,t) at different projectile energies. It should be also emphasized that
in our experiment the beam energy was intermediate in comparison with these two
reference energies 22 The same form factor was used as in 22 here.

The next step was to calculate delta excitation on a quasi-free target nucleon
with the Fermi momentum distribution proportional to P2dP with maximum values
of 150—200 MeV/c and a mean separation energy of 15-—20 MeV a nucleon. The
invariant flow was also taken into account.
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Fig.1a and 1b. Delta production model tesi. Points x in (a) and (b) calculated for two beam
momentum values; O-experimental data 22 The calculated spectra normalized al the mazimum

value. Q-projectile-ejectile energy difference.

Fig.2. Kinetic energy for backward pions. o-
experimental daia, dotted curve--calculation
with wy=1232 MeV, solid curve calculated for
wp=1192 MeV.

events/bin

We have provided a lot of tests
that have shown that the pion momen-
tum spectrum is rather insensitive to
the choice of the parameters: Fermi
momentum and separation energy. In-
deed, if they varied within rather wide




limits, the form of the calculated distribution as well as the peak position are modified
by a few MeV only. On the contrary, the calculated peak was shifted by a 13 MeV
value according to the experimental one (see the Fig.2) in case of wp=1232 MeV
(dotted curve), and therefore wy=1192 MeV should be used for the best fit (see the
solid curve). An analogous effect was reported in 13- 14 when a ~30 MeV reduction of
7+ p effective mass was observed in A+ production in the charge conjugate reaction.
It was shown 23 that this reduction of the measured delta mass could be connected
with delta selfenergy in nucleus in a complicated way.

Especially it should be noted that only backward pions (with a negative value
of longitudinal momentum) were used in the analysis discussed above. In our ex-
periment pions with the negative longitudinal momentum cannot be produced in
projectile excitation or in coherent pion production process.This means that the an-
alyzed ensemble is practically free from non-delta pions and therefore was used to
normalize the calculated spectra.
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Fig.3.0-pion longitudinal momentum (Pl) spectrum (experiment) for Mg and C targets.
The calculated spectra for A on assumption of isolropic (dotted) and cos*© (solid) angular distri-
butions.

Namely, the calculated spectra of longitudinal momenta of pions presented in
Fig. 3 were normalized in comparison with the experimental spectrum for pJ < 0. It
was assumed that the delta was excited on a target nucleon and wy=1192 MeV was
used instead of the nominal wy=1232 MeV. The assumption of one pion exchange
(OPE) provides a 14+3cos*© angular distribution for pions which is clearly seen as
two peaks on the calculated spectrum (O is an angle between the direction of the
incident nucleon and 7~ in the A rest frame). One can see that in this ensemble of
events (when a single pion was observed) only 60~-70 % of pions can be produced by
delta de-excitation in the target. This conclusion is stable and cannot be distorted
significantly by changing the limits for Fermi momentum and separation energy, by



account of beam momentnn distribution or trigger acceptance ete. The branching
ratio was slightly changed assuming the isotropic distribution of pions (which s
possible in case of p exchange). but the main result was firm for all assumptions--—at
least 30% of the single pion events are not due to the excitation of A7 on a targel
neutron. These non-delta events in subsequent analysis will be designated as X. The

Branching ratio (BR) of X events to all sin-
Table |. Branching ratio (BR) of X

events

gle pion events (topology 177 0p) depend-
ing ou the hypothesis of angular distribution

i (143¢0s20 or isotropic) is presented in Table
Target | BRyyoe | BRiopi i prefas
¢t | 2019 | N o .
{ \ e mean values of pion longitudinal
Mg | 13E5 i 1 D %hj momenta indicates a significant fraction of

non-delta pions as well. Indeed, the calenfated
mean value for pious from the A(1232) excited on a quasi-free target nucleon was
equal to 87 MeV/ ¢ and independent of the parameters used 1 the calenlation as
discussed above. The experimental values were much above the calenlated one:
200410 MeV /e in case of the magnesium target and 190210 MeV /e in case of carbon
one.

For the pions of the X group it is also shown that the plons carry off the
major part of projectile-ejectile longitudinal momentum difference meanwhile the
momentum of the recoil particle (target) is low. The experimental data on the mean
longitudinal momenta of e (< P > and plons (< pbo>) for all events of the
topology 177 0p as well as the same values calenlated for the delta excited on a tar-
get nucleon allowed us to derive the equations for X group pions:

<o < P> - < P> < 180 McV/e (Mg)
<< phy, <> < 150 McV/e () (1)
<phs < ps—<pyo>) > 0 (Myg)
<pls>l<p > - < Py, >) > 0.7 (C) (2)

where < p, > was the mean momentuin of the projectile- tritium. While the beam
momentum spread was acconnted as well as acceptance of the trigger counters the
result was practically independent of these details. _

Now Jet us analyze some possible processes which can produce high fongitu-
dinal momentum pions. ‘

If the resonances N(1440) and N{1520) with isospin 1/2 or A%(1232) are ex-
071_1).
_+

cited on a target nucleon, then they decay into #n, 77 p, 7'7%n, afrTnor T
One can see that in these decays 7~ if produced is associated with a proton or «
and cannot be registered as a single pion event. However, there is a nonzero prob-
ability to observe a single 77 when a slow proton is absorbed in the target. In this



case the longitudinal momentum of the registered = can be high enough to add
this event to the group X. Calenlations were provided for these reaction channels,
and the fraction of absorbed protons was estimated to be approximately equal to
20% of A® decays with charged secondaries and 10% in case of N(1440,1520) decays.
The total number of events 17~ 1p observed in our experiment was equal to 20% of
the number of single 7~ events, This means that the admixture of absorbed proton
events cannot. exceed 3% of intrinsic single 7~ (177 0p) events if all 177 1p states are
produced by the decay of resonances. So, these channels are not the major source of
30--40 % BR for X events.

An additional argument against the proton absorption hypothesis can be
found in the analysis of the reaction on Ne gas. There was no proton absorpticn
(a 50 cm range for 5 MeV protons), but the mean value of 7~ longitudinal mo-
mentum 210£30 MeV /¢ was of the samne order as in case of solid targets (Mg and
Q).

Considering the excitation of A7{1620) in the target, we have calculated the
mean values of 77 longitudinal momenta: approximately 290 MeV/c in case of two-
particle decay and 200 MeV /¢ for three-body decay. To explain the measured mean
momentum of pions by the influence of these pions, it is necessary to suggest that
A{1620) should be excited more frequently than A(1232). However, the experimental
data on the inclusive spectra of tritons in the reaction C(®He,t) show 3 that the
strength of A(1620) does not exceed a few percent of that for A(1232). Moreover, the
calculations show that the A(1620) decay kinematic properties contradict eq.(1,2).

The longitudinal momenta of nonresonant pions produced in the target nu-
cleus are determined by phase volume and the calculated mean value was less by
factor of 3-4 in comparison with the projectile-cjectile momenta difference coutra-
dicting eq. (1,2).

On the other hand one can see that eq.(1,2) are natural for two processes:
coherent pion production in the target and for projectile excitation.
£10. 16,21 5q well as our estimations,
the momentum distribution of coherent pions in case of A-isobar excitation in the
target should be quite narrow with a mean value of 230--280 MeV/c. The exper-
imental distribution is peaked at 350--400 MeV/c with the mean value over the
same region. Considering the excitation of A-isobar in the projectile, one can obtain
a wide spread of pion momenta with a tail up to high values. However, the peak
of the distribution is estimated to be at 150 MeV/c. Therefore the pions from the
projectile canunot form a maximum at 400 MeV/c. If a higher mass resonance in
the projectile is considered, then a maximum is shifted towards a lower momentum
region. Thus these processes can provide a part of X group pions, but they are not
sufficient to explain the distribution maximum at 400 MeV/c. This experimental
peak can be regarded as cvidence of coherent pion production via the excitation of
resonances N(1440) or/and N(1520) in the target nucleus. It should be noted that
we had used a more simplified model than in the calculations for delta, and there-
fore more accurate calculations as well as higher statistics of experimental data are

However, according to the calculations o

desirable.
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[1pMHMMAETCH NOANMMCKA HA [PENPHUHTH, COOCiIEHNS O6beANHEHHOTO
MHCTHTYTA SAEpHBIX Heoaenosannii 0 «Kpatkne coobuienns OVSAN».

YCTanoBJIEHA CAEAYIOLIS CTOMMOCTL MOATIMCKH Ha 12 MecsiueB Ha M3NaHHs
OUSU, Br1touas nepecbiaky, N0 OTAEAbHbIM TEMATHUECKHM KATETOPUAM:

HUnpexkc Tematuka : LleHa noanMCcKu
Ha roj
1. DKcnepuMeHTaibHas (PU3MKA BBICOKMX IHEPTHI 915 p.
2. TeopeTnueckas pu3uKa BBICOKHX IHEPIHil 2470 p.
3. DKcnepdMeHTaNbHAS HENTPOHHAA PU3HKA 365 p.
4. Teopernueckasi GH3NKa HU3KHX BHEPrHH 735 p.
5. Maremaruka 460 p.
6. SInepHag cCEKTPOCKONHA H PARHOXHMHS 275 p.
7. Ou3nka TAXKEAbIX HOHOB 185 p.
8. Kpunorennka 185 p.
9. Yckoputean 460 p.
10. ApToMaTH3aLMg 06palOTKM 3KCTIEPUMEHTAIbHBIX JAHHBIX 560 p.
11. BoluMcanTENbHAS MATEMATHUKA H TEXHHKA 560 p.
12. Xumuns 90 p.
13. TexHnka PU3NUECKOrD IKCIEPUMEHTA 720 p.
14. UccaenoBanus TBEPAbIX TEN U XHAKOCTER SAEPHBIMH METOAAMH 460 p.
15. DxcnepuMenTanbHAS GH3HKA SACPHBIX PEAKLHH
MPH HU3KHX IHEPrUsx 460 p.
16. [lo3uMeTpust U GU3HUKA 3UUIUTHI 90 p.
17. Teopus KOHAEHCHPOBAHHOTO COCTOSIHUS 365 p.

18. Hcnonb3oBanue pesynbTaToB
1 METOOB DYHAAMEHTATLHBIX (DU3NIECKNUX HCCIIEN0BAHMH

B CMEXHBIX 001aCTAX HAYKH M TEXHUKH 90 p.
19. bnoduauka 185 p.
«Kpatkue coobwenus OUAN» (6 BoinyckoB) 560 p.

[Moanucka MoxeT GuiTh odopMieHi ¢ 060ro Mecsa roaa.
o Bcem BonpocaM oGOpMAEHHS MOANKCKH CAEAyeT ofpalaThcst B M3aA-
TenbcKTHit oTaen OUSIH no anpecy: 141980, r./ly6na, MockoBckoi obnactu



Aspamcriko C.A. u ap. E1-94-311
MMy abcHbIC CNEKTPbI MTMOHOB B PEAKLMSX

nepesapanku saep A(1, 3He)

B okcnepuMeHTax ¢ ueno ib3oBaHUEM CTPUMEPHOIM KaMEpPbI MCCAEI0BATMCH
peakuuu nepesapsiaku (7, SHe) na VIICpoAe M MarHuu. JKCIEPUMEHTANbHbBIC
CTICKTPbI NPOAOAbHBIX MUOHHbIX MMMY/IbCOB CPABHUBAIMChH C PACUCTHBIMU ANS
COOBITHI, B KOTOPBIX HABAIOIATOCH POKACHUE TOMBKO OXHONO L. Oxasanocs,
uTO TO1bKO 60—70%, M3 MMOHOB MOrYT BbITh OBVC/IOBICHBI KBA3U-CBOBOIHBIM
POXACHHCM A HA HYKIOHAX MHUILCHW. MMNOY.bC OCTAJIbHBIX ITHOHOB
3HAUMTEABHO BBILIC, YCM [1PH POXKACHUN ACIbTA-U3004Pbl, U MOXKCT OBITh 00bSC-
HCH KOTCPCHTHBIM DOXICHHUCM B MPOJCTAKILIEM AIPE U KOrCPEHTHBHIM POX-
ACHHUEM B MULICHH, HO 4epe3 Bo3Oyxacuue N (1440) u/vau N (1520).

Pabora seinoancHa B JlaGopatopuu Brcokmx oHepruid OUAN.

CooBnierste OFhe UHe OO MICFHTVTA SEICPHBIX HOCAE10BAHHIL. JlvGra, 1994

Avramenko S.A. et al. E1-94-311
Pion Momentum Spectra in Nuclear Charge
Exchange Reactions A(r. 3Hc)

The charge exchange reaction (7. 3HL‘) on carbon and magnesium targets
was investigated in experiments using a streamer chamber. The cxperimental
longitudinal momentum spectrum for events with single secondary pion was
compared with the calculated one. Only 60—70%, of pions were shown may be
produced by quasi-free A oxcitation in the target nucleus. The momentum of
the remaining pions was significantly higher than for delta pions and the
coherent production in the projectile complementary to coherent production via
N (1440) or/and N (15200 1n the target nucleus was suggested.

The investigation has been performed at the Laboratory of High Encrgics.
JINR.
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