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A detailed study of the elementadH(p,p’ 7 *)n reaction is presented using theisobar model. In this
model, in the first step one of the two protons in the initial state gets excitdd his, in the second step,
decays into a nucleon and a pion. For fhe—NA step the parametrized form of the distorted-wave Born
approximationt matrix of Jain and Santra, which reproduces most of the available dagppemA™* ™, is
used. The cross sections studied include the outgoing proton momentum spectra in coincidence with the pion,
the outgoing pion momentum spectra, and the integrated total cross section. We find that all the calculated
numbers are in good agreement with the corresponding measured cross sEsi666-28138)01609-4

PACS numbd(s): 25.40.Ve, 13.75-n, 25.55—-¢

I. INTRODUCTION wheref* is the coupling constant at theNA vertex.S and

In the past various authofg,2], including two of the T are the spin and isospin traniition opgratgrs, respeptively.
present authorlain and Santiahave analyzed theoretically ThiS framework for thepp—p= ™ n reaction includes in a
the data on thep—nA** reaction to extract the potential Certain way the final state interactiéRS|) amongsp *n in
for pp—NA transition. In them, the calculations of Jain the final state. The FSI consists of the interaction between
et al. [2] were done in the distorted-wave Born approxima-and=" and between thpm ™ pair and the recoiling neutron.
tion (DWBA) and those of Dmitrie\f1] were done in the The dominant effect of the interaction betwegand 7t is
plane-wave Born approximatiofPWBA). They concluded to produce thed ™" resonance. This is explicitly included in
that the spin averaged data on ihp— NA reaction can be our framework. The interaction betwe@nr ™ and the neu-
reproduced very well by a one pion-exchange potential withtron in our framework is approximated by that between the
the length parameteA , around 1-1.2 Ge\W in DWBA  A*™" and the neutron. A recent work by Jain and Kuhdis
and around 650 Me\¢in the PWBA. The difference in the on theA decay in nuclear medium suggests that this approxi-
two values ofA  is due to distortion effects. In fact, subse- mation is reasonably good.
guently, when Jairt al. parametrized their DWBA matrix Thepp_>np’77-+ process has also been worked out in the
[3], they found that the imaginary part of thisnatrix is very jiterature by Engeét al.[8]. However, these calculations use
weak and the real part resembles to a great extent the oigane waves for the continuum particles. Thus, unlike our
pion-exchange potential, withA; reduced to around \york this work does not include the effect of distortions in

650 Mevilc. , _ the entrance and the exit channels.
The experimental data which the above studies used were Inclusion or omission op exchange in the description of

somewhat inclusivg4,5]. They were deduced from thep the pp—nA** reaction has been the topic of much debate

A ! ; .
—np'm" reaction data which did not have the completej, y,q jiterature. The general conclusion is that the spin av-
exclusive kinematics. Th& was identified in them by seeing eraged data on thep—A* *n reaction are well reproduced

a bump in the missing mass spectrum. A kinematically comby one pion-exchange potential orly,2,9,10. Any attempt

. P ;
plete data sel;, however, e>f<|sts on mp—’g ™ n reactlc(;rjl( to include thep exchange worsens the agreement with the
at 800 MeV beam energy from LAMPF due to Hanc experiments, and yield unsatisfactory results. In this context

al. [6]. T|r|1ey are a good coincidenc% dat?, r?nd, thus, providg g a1 interesting to see the work of Jainal. [11] which
an excellent opportunity to test in detail the correctness o iscusses the relative im ;

h ; portancepgxchange im(n,p)n
thel_pp;nlA H DWBA t matrix devel(?ped Ey IE\X(I:/II(D)L L(st and p(p,n)A* ™ reactions. They conclude that, while it is
ear ler[ .]' n the present paper we analyze the Jdat bsolutely essential to include tpeexchange in the descrip-
using thist matrix. This includes the analysis of the various tion of the p(n,p)n reaction, thep exchange is not required
proton and pion energy spectra measured in coincidence ang, accounting’ thep(p,n)A*y+ data. This study deals with

the total integrated cross sectio n+for the—p’'m'nreac- o spin averaged cross sections. A recent theoretical study
tion. We assume Fhat thep—p’ 7" n reaction proceeds N on the microscopic structure of theNA vertex by Haider

two steps. In the first step, one O.f the protons in the entrancg 4, [12] supports this conclusion. They find that the micro-
channellgets cqnverted B, and in the seconq.step tm.; scopically calculated value of thg,y, coupling constant is
decays into a pion and a nucleon. The transmon matrix forr’nuch smaller than what is normally assumed. The measured
t_he pp—AN step is taken to be the. DWBAmatrix men- spin averaged cross sections on nuclei in charge exchange
tioned above. The decay of tha is described by the reactions are also reproduced with only a pion exchange
pseudovector nonrelativistic Lagrangian, [13]. It is, however, true that the measurements of Prout

£* et al. [14] with a polarized proton beam on nuclei, and ear-
Lona=i —(S k,)(T-¢), (1)  lier by Ellegaardet al. [.15] do show a large transverse part.
m; But, as shown by Dmitriey13] and Samst al. [16], large
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tppHNNW:E <N7T|S KWT‘¢7T|A>GA<tpp—>NA>! (5)
A

where N represents a proton or a neutron in the final state
corresponding to the decay aff * —atp andA*— = "n,
respectively.A stands for aA™* or A" excitation in the
intermediate statex, at theA-decay vertex is the outgoing
pion momentum in therN center-of-mass. It is given by

a2 M) = [(u2+ MP—m2) 24— P2 (6)

This relation reflects the restrictions on the available phase

space for the decay of& of massu into an on-shell pion of
FIG. 1. The direct and exchange diagrams for shexcitation. ~ massm, (=140 MeV) and a nucleon. Since the final outgo-

ing pion is on shell, theAN# vertex does not contain the

transverse contribution can also arise from the distortion ofisual form factof=*. G, in Eq. (5) is the delta propagator.

the continuum particles. All these discussions thus suggests form is taken as

that, at best, the role gf exchange in the charge-exchange

reaction in theA region is controversial. The spin averaged

cross sections do not need it, the spin transfer measurements Ga=— szA. , 7
show some indications for it. Since the present work deals puo—my+ilymy

with the spin averaged cross sections, our use of one pion

exchange is consistent with other work in this field. wherem,(=1232 Me\) and ', are the resonance param-

In Sec. Il we write the formalism for thep—np'm"  eters associated with a frete. The free widthl', depends
process. Section Il gives calculated cross sections for thgnhon the invariant mass and is written as

proton and pion energy spectra at 800 MeV beam energy an

the total cross section from 500 MeV to 2 GeV. These results

are compared with the available experimental cross sections. _
Good agreement is obtained. AToo0

3
k2(m3 ,m2) + ¥

kZ(Iu/Z,me)_l_ '}’2 !

k(u?,m?2)

k(m3 ,m?2)

®

Il. FORMALISM with T';=120 MeV andy=200 MeV. u is the invariant

The cross section for thep—np’ =+ process is given by mass of theN " system and is given by

do=(1(tppp'rn) )PS @ 1= (Bt E)?— (k). ©

where the angular brackets denote the sum and average over

the spins in the initial and final states, respectivéBS is top—Na is the DWBAt matrix for thepp— NA transition.
the factor associated with the phase space and the beam ciellowing Jain and Santri2], it is given by

rent. For the proton and pion detected in coincidence in the

final state, in the lab frame it is given by topna=(Xk, ,<nA++|vw|{pp}>,X§i)7 (10)
PS mjmpky 2k’ 1
= 5, =/ L2 = = L where curly brackets arourp represent the antisymmetri-
2(2m) kpEp Ko(Ei—Ep) — Eql(kp—kp) Ko zation of thepp wave functionw ,. is the one pion-exchange
X dQdQ ,dk . (3)  Potential forpp—NA transition.x’s are the distorted waves.

They describe the elastic scattering of thp and thenA

tpp_p'=+n IS thet matrix for thepp—p’7*n process. It ~ Systems. Jain and Santf] have evaluated Eq10) using
consists of two parts: one corresponding to the excitation ofikonal approximation fog’s. With A ;=1 GeVlc at both
the proton in the initial state tA " * and another correspond- the 7NN and #NA vertices, they found that this matrix

ing to its excitation taA ™ (Fig. 1). That is, reproduces the available experimental data on this reaction
over a large energy range very well.
tppﬂp,ﬁn:tAHthN. (4) Jain and Santra also found that their DWBAnatrix can

be easily parametrizg@]. The parametrizetimatrix is com-
Furthermore, because of the antisymmetrization of the proplex, but its imaginary part is very weak. The real part re-
tons, eacht matrix in turn consists of two terms, one corre- sembles very much with the one pion-exchange potential
sponding to the excitation of the beam proton and anothewith its length parameterA ., reduced to around
corresponding to the excitation of the target proton. We calb00—700 MeVeE. For the present calculations, instead of
them “direct” and “exchange” terms, respectively. repeating the full calculation of thematrix, we have used
Putting everything together, we get the parametrized form, i.e.,
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FIG. 4. The outgoing pion momentum spectra for the
2H(p,p’ 7w *)n reaction atT,=800 MeV. 6,.=20°. The experi-
mental points are from Reff18]. The solid curve is calculated using
both theA** andA* diagrams added coherently. The short-dashed

k (MeV) and dot-dashed curves show separately the contribution dié to
andA™, respectivelyA ,=650 MeV/c.

FIG. 2. The outgoing proton momentum spectrum in coinci-
dence with the pionT,=800 MeV. 0;,=14.5°, andé,=—21°. wky
The experimental points are from RE8). The long-dashed curve is q= kp_ Ka[=(kntKz)] TEL (12
calculated using the dire&t™ * diagram and the short-dashed curve A
includes both the direct and the excharge® diagrams. The solid
curve is calculated using both the** and A™ diagrams added
coherently. The dash-dot curve is thé contribution multiplied by

. I
700 800 900 1000

wherew is the energy transfer in exciting tiie At the 7NN
vertex we replace

5.A,=650 MeVL. Pt (13
tpp_,NA~vE,pHNA(AW=650 MeV/c) wheret is the four momentum squared.
+
::_fiiFF* S 904 T . (11) Ill. RESULTS AND DISCUSSION
2 2 2_ 2 !
m:. m7+q [}

Using the above formalism we calculate the exclusive
wheref andf* at thewNN and7NA vertices are 1.008 and Proton momentum spectra, the outgoing pion momentum

H ! ___+ H
2.156, respectivelj17]. q is the momentum transfer in the SPeCtra, and the integrated tofad(p,p t%e)” cross section.
pion-nucleon rest frame. Since the exchanged pion is virtual, AS the detailed measurements for tfté(p,p’#")n pro-
it is not straightforward to define this momentum quite un-C€SS €xist at 800 MeV beam energy, we first calculate the

ambiguously. For therNA vertex we use the following Gal- differential cross sections at this energy. In Fig. 2, we plot
ilean invariant form: the calculated as well as the measuféfiexclusive proton

momentum spectra for the proton and the pion angles of
14.5° and—21°, respectively. These angles correspond to
- T - . , T : the A going at 0°. The figure has four calculated curves. The
T =800 MeV _ ] short-dashed and dot-dashed curves correspoid' to and
P / N\ 1 A" contributions(including both the “direct” as well as
[ A_=650 MeV/c - 7 “exchange” diagramy respectively. The solid curve is the
" coherent sum of these two contributions. We find that this
curve agrees well with the measured cross sections. We also
note that the main contribution to the solid curve comes from
the A*" diagram. TheA™ contributes only to the extent of
5-10 %.
To show the contribution of the “exchange” diagram, in
Fig. 2 we also showby the long-dashed curydhe cross
1 section for theA* ™ diagram using only the “direct” term.
* Comparing this with the short-dashed curve, which includes
F T both the direct and exchange diagrams, we find that the con-
L - T ] tribution of the exchange term is around 15-20 %.
700 300 300 1000 1100 In Fig. 3, we show the proton spectrum for another set of
k (MeV) proton and pion angles. This pair of angles also corresponds
P to the delta going at 0°. The outgoing proton and pion angles
FIG. 3. Same as Fig. 2 with,=14.5° and, = —42°. Experi- ~ are 14.5° and-42°, respectively. All the curves have the
mental points are from Reff6]. All the curves have the same mean- same meaning as those in Fig. 2. Here too the calculated
ing as in Fig. 2.A ,=650 MeV/c. proton spectrum is in good accord with the measured spec-
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FIG. 5. Total cross section for théH(p,p’ 7" )n reaction. The
calculated curve includes both the direct and exchahgé exci-
tation diagrams.A =650 MeV/c. The experimental points are
from Ref.[19].

trum. Other observations also remain same as in Fig. 2.
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separately to thv™ " andA* diagrams, respectively. The
solid curve is calculated including both the diagrams. All the
curves include the direct as well as exchange diagrams. Ex-
cluding the peak in the measured cross sections around 550
MeV, the solid curve is in overall accord with the measured
cross sections. Relative contributions of thé andA™ ™ to

the cross sections are at the same level as in the earlier
curves. The peak around 550 MeV, as kinematic consider-
ations suggest, may arise from the resonance structure be-
tween neutron and proton in the final state.

Finally in Fig. 5 we present the calculated total integrated
cross section as a function of the beam energy from threshold
to 2 GeV. Since, as seen from the results in Figs. 2—4, the
contribution of theA ™ is only at the level of 10%, we give
the calculated results for th&** only. The calculated re-
sults include both the direct and the exchange contributions.
We find an excellent agreement between the calculated and
measured cross sectiofs9].

IV. CONCLUSIONS

In conclusion, the findings of this paper can be summa-
rized as follows(1) Experimentally measured exclusive pro-
ton momentum spectra, the pion momentum spectrum, and
the total integrated cross sections over a large energy range

In Fig. 4 we show the double differential cross section ascan be reproduced well with one-pion exchange potential for
a function of the outgoing pion momentum. The protonthe A excitation in the intermediate stat@) The contribu-
angles are integrated. Experimentally such measurements etien of theA ™ * dominatesA* contributes only to the extent
ist for 800 MeV beam energy and the pion detected at 20%f 5—-10 %.(3) The effect of the exchange process is to bring
[18]. In this figure we have three curves along with the ex-down the cross section. Its contribution, however, is only at
perimental data. The dash and dash-dot curves correspottige level 10—20 %.
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