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Projectile A excitations in *H(p,n)N 7 reactions
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It has recently been proved from measurements of the spin-transfer coefflRigrasdD,, that there is a
small but nonvanishingh S=0 components, in the inclusivep(p,n)Ns differential reaction cross section
o in the forward direction. It is shown that the dominant part of the measwged forward neutron angles can
be explained in terms of the projectile excitation mechanism. An estimate is further made of contributions
to oy from s-wave rescattering processes. It is found thatstheave rescattering contribution is much smaller
than the contribution coming from the projectife excitation mechanism. The addition of arwave rescat-
tering contribution to the dominant part, however, improves the fit to the paf&556-28136)04008-3

PACS numbegps): 25.10+s, 25.40.Hs, 25.40.Ve

The p(p,n) N reaction at intermediate energies has beera+ A—b+ B+ 7%, wherea (b) andA (B) denote the pro-
a subject of a number of studies from both experimentajectile (ejectile and target(residual nucleus respectively,
[1-5] and theoretica]6—9] point of views. The understand- and #* is the emitted pion that carries the chargeln the
ing of the reaction is important in its own sake; it is one of center of mass system, the differential inclusive cross section
the basic processes in intermediate energy nuclear physics. may be written as
One of the dynamical processes involved in the reaction is
the projectile A excitation processin the following, we ab- d%o m,MpMaMg Py § p?T_z
breviate this process as the PtRe PDP is defined as the o= mlgb:f —— —f dQs—T)%,
projectile A excitation process. The PDP is usually ignored p="b (2m)%2\'s Pa
in inclusive (p,n) cross sectiowr calculations, since for for- )
ward anglesr is dominated by the contribution coming from
the target A excitation processin the following, we abbre-
viate this process as the TDfhe TDP is defined as the
targetA excitation proces$. The contribution from the PDP are the solid angle and the momentum of the emitted pion in

for forward neutron angles gives only a small correction to I, . .
the dominant TDP cross section. Therefore, it has been diil-he N+ rest frame, whileT is the Lorentz-invariant tran-

ficult to test the predicted PDP cross section by the inclusivé't'onf"‘rnpl'“?del-r|2 means to take the sum over both initial
cross section data. and final spin states and the average over the initial spin
Recently, however, several measurements of the spirstates, namely,
transfer coefficientd,, and D,, have been madgl,2,5.
Using these coefficients, it is possible to extract the no-spin- T2— l 2
xtract [TP=7 > |7~ (3)
transfer AS=0) componento, from the inclusive cross 4 4irspin

sectiono. In fact, we show that the extractet}, from the

inclusive cross sectiomr and spin transfer coefficienfsee All possible diagrams forA excitation processes are

Eqg. (1)], can be explained well in terms of the PDP. In theshown in Figs. (a)—1(d), wherep,; and p, denote the four-

present study, we restrict our interests to the zero degreamomenta of the projectile and target protons, respectively.

case, i.e., the case where the neutron is emitted at zerdhen it is clear that Figs. (&) and Xc) represent the dia-
degree ¢,=0°) with respect to the incident beam. Under grams for the TDP and PDP processes, respectively, while
this restriction,o; can be expressed in terms of the observed-igs. 1b) and Xd) are the corresponding exchange diagrams
inclusive cross sectiom and the spin-transfer coefficients coming from the antisymmetrization of the incident and tar-

D,y andD,, as get protons. The contributions from these exchange diagrams

for the (p,n) reaction to the forward direction are expected

to be negligibly small and hence we neglect the contributions

in the present calculations. Note, however, that we take into

account thes-wave rescattering processes as schematically
In order to present the theoretical cross sectiogsand  shown in Figs. le) and Xf).

o, let us denote the p(p,n)Nw reaction as The A excitation processdsor both the PDP and TDP in
Figs. 1a) and Xc), respectively are treated by means of the
transition ampIitudéNN,NA used in Ref[10] and A decay

*Electronic address: clee@logos.etri.re.kr Hamiltonian. The explicit form ofNN,NA is

wherem; andp; (i=a,b,A,B) are the mass and the four-
momentum of the particle, sy is the invariant mass of the
final N+ 7 system, ands=(p,+ pa)?. Further, Q% andp?

1
0o=70(1+2D+ D). (1)
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FIG. 1. Feynman diagrams f@(p,n)N# reaction.(a), (b), (c),
and (d) show thep-wave interaction 4 excitation$ in the target
and the projectile, respectively, while) and (f) shows-wave res-
catterings in the target and the projectite. and p, are the four-
momenta of the projectile and target protons, respectively.

tanna=Vi(@ 0)(G-SH+Ve(Gxa)-(§xShH, (4

953

where u denotes pion mass aftt is isospin transition op-
erator with chargea. For the coupling constant we take
f*°/47=0.36.

The s-wave rescattering processes are calculated as in
Ref.[11]. The basic couplings in this process &blw cou-
pling andN7— N7 s-wave amplitude. Thé&NN# coupling
is given by

f. .
H.an=— (P, @ 7
NN M(p o)T (7

wherep,, is the momentum of the pion and the coupling is
given as f2/47=0.08. The Hamiltonian for thes-wave
N#7— N is given as

2\,

H o ann= 4775mst 7 é\mtmt’ N

o2,
+|Ea)\)\’7<mt|7 Ime) ¢, (8)

where the indicesng,m,,m;,m; are the spin and isospin
variables of the incoming and outgoing nucleons. For the
couplings, we tak¢l1]

A1=\}+0.000 222 MeV~1]({s— u—M),
A= 0.0075, \,= 0.0528, 9)
wheres is the Mandelstam variable for theN system and

M is the nucleon mass.
The totalT amplitude can then be given as

—iT= >

Sim1SM2

(_1)1/2_ ma<%vmb;%v_malslvlu‘1>(_l)l/2

_mA<%1mB ;%’—mA|SZ’Iu‘2>CSl,LL132,U,27 (10)

whereq is a unit vector whose direction is that of the mo- where &;,1,) and (s,,u,) represent the spin transfers in-

mentum transfer involved in the excitation proca%s's the

volved in thea—b and A— B transition processes, respec-

Pauli spin operator, an&' is the spin operator for the j[ively. The partial _""mf_’"t“dfcswlszﬂz may be decompgsed
N—A transition.V_ andVy are the strength parameters of into the two contributions\s ,, s ., andBs , s ,,, coming

the spin-longitudinal(LO) and spin-transversé€lR) direc-

from the A excitation ands-wave rescattering processes, re-

tions which are used in Reff10]. These are parametrized as spectively:

Vi=Vi=tyadona| ——| - 5

Aw—t

The strength parametef, and the cutoff masa . are ad-
justed to experimental data such agp,n)A*" and
p(®He,t)A™ " (see Sec. Il A of Ref[10] for detailg. The
couplingJd .na=f zznf=na /M, . The Hamiltonian for the\
decay is

fx ..
HWNAIF(pW-ST)T“—i- H.c., (6)

(11)

Cslﬂlsz'“z - Asl'“lszl‘z + BS1#132:“2’

where

AOOO(J: 00, (12)

4 f o - " > oa
Aruoo=~ 3 ;{(q- P~ A, VL+[Pr,—(Q-P-)a; IV1GCy,
13
4f ~r ZINATR
A001,u=§ ;{(q Pz A L VL

+(p'%,— (@' pL)a % IVIG,Cy, (14)
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2\/51: N 3
A1, =~ 3 ;[qﬂl(Q' Pr), (VL= V1) G Cit

(_1)#1<11_M1;1:V2| 11M2>p;V2VTGtCt
—q'% (4"-pL)k (VL=V1)G,Cp
+(_1)M2<1!_M2;11V2| 1uu’l>pI::—V2VTGppr
(15
B =8 f — 8s.105,00% 2\
SH1Soly 77;[ 5,1 szoqﬂl +
+ 85,005,18" % NoD 1F - (16)
In the above expressionsy and\ , are given as
22 2
Ao=——Ns, Ai=—(N1FtN\y), (17)
0 w 2 + M( 1 2

C, is the isospin factor forrNA vertexes which are given as
Ci=—\2 andC,=—/2/3, and the index refers to both
target ¢) and projectile p) A excitations. The propagators
and the pion form factor are defined as

1

G= , A propagator, 18

b s =M +il(s)/2 propag 19

D ! t (19

o , 7 propagator,
g 7 PP
A2_m2

FW=72—_,[7, wNN form factor withA=1200 MeV.

(20)
It is then easy to see that
- 3 Ic 2 (21)
451/’«152,“«2 R

We further note thatry can be evaluated by simply picking
up the component withsg, ) =(0,0), which comes from
both PDP ang-wave rescattering from the projectile. Thus,
defining| To|? as

— 1
| Tol?= ZEM [ (22)

o can be given as

d’o _ MaMyMaAMg Py

d
_ 0 d Pr=r3
= 00 ), = ATE b yod T,
70 dEbde|0b " (2m)%2 s paf 7TSd| o

(23

Figures 2a) and 2b) show the final results otr and
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FIG. 2. Zero-degree neutron spectra for the reaction
p(p.,n)N7 atE,=795 MeV. The inclusive cross secti¢a) and the
ratio R= oy /o (b) are shown. See text for details.

two theoretical cross sections in Figb, it can be seen that
the PDP dominates,. The contribution from thes-wave
rescattering process t@, is thus small, though it helps to
improve the fit of the calculated final, to the experimental
data, particularly at the off-resonance region. The experi-
mental inclusive cross section dat&' are taken from Ref.
[5], while the experimentaR (R®") are obtained byD,,
andD,, of Refs.[2,5] and ¢®*' of Ref.[5]. As seen in the
Fig. 2@), o®*'is reproduced very well by the calculation. In
the resonance region, thR®* values are rather small,
R®XP~0.025, implying that-*** contributes only about 2.5%
to the total exclusive cross section. Howewe?*' becomes
larger at both tail regions of the resonance.

The good fit of the calculate® to the data seems to
support strongly that the observeq indeed comes from the
PDP. This conclusion is further supported by the dat&®of
for nuclear targets available for the *°C, 4°Ca, and?°%Pb
targets. In the case of the deuteron target, for example, the
R®Ptvalues are larger by a factor of about 2—4 as compared
with those of the proton target. ThR values for other
nuclear targets are about the same as those of the deuteron
target. The observed increase of Revalues for the nuclei
target may be easily understood if one assumes that
comes from the PDP. Since the dominant parbotomes

R=o,/0o. They are compared with the experimental datafrom the TDP,o for the deuteron target is expected to be
The solid lines are our final results including both PDP andabout 4/3 times of that for the proton target due to isospin,

s-wave scattering, while the dotted line shown in Figh)2

while o of the deuteron should be about 4 timesogf for

represents the result obtained when only the contributiohe proton target. Thus, it is expected that Eh@alues may
from PDP is taken into account. obtaining Comparing thebecome larger by a factor of about 3 for the deuteron target
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case, as compared with the proton target case. This agreesght have been caused by the fact that the analysis made in
very well with the experimental factor of 2—4. Since the ratioRef. [9] is done without taking into account the PDP.

of the number of protons to that of neutrons contributing to  In summary, we have shown that, deduced from the

the reaction may roughly stay as unity, tRevalue for the  data of the spin-transfer dal,, andD,, together with the
heavy nuclei should roughly be equal to that of the deuteroinclusive cross sectiorr, can be well explained by the cal-

target case, which also agrees with the observation.  ¢yjations that take into account the PDP andave rescat-
Finally, we remark that, may come from the TDP via tgfing effects.

the AS=0 interaction term involved in th%NN,AN. Such a

term has recently been determined from the analysis of the \We would like to express our sincere thanks to Professor
p(p,n)A™ " reaction datd9]. Using thetyy an Operator de- T, Udagawa for his valuable comments. C.Y.L. is also grate-
termined in Ref[9], one can estimatey. It has been found  fy| to Dr. E. H. Lee for his support on this research. This

that both the magnitude and energy dependences, dhus  \york is supported in part by the U.S. Department of Energy

estimated do not fit the data very well; the magnitude isynger Contract No. DE-FG03-93ER40785 and the Ministry
larger by about a factor of 2 thaR™®. and also thas de- ot |nformation and Communications, Korea.

pendence is quite different from what is observed. This
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