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Meson exchange currents in the®He(y,#*)*H reaction
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We generate meson exchange currents mechanisms forytae' Y reaction in nuclei starting from the
yN— 7r7rN amplitude on one nucleon and allowing one of the pions to be produced off shell and be absorbed
by a second nucleon. Detailed calculations are presented for thtde— 7+ 3H reaction, where we show that
the cross section at large momentum transfers is dominated by these mechanisms, helping improve the agree-
ment with experimental data. It is also shown that the meson exchange currents produce important effects in
the photon asymmetry in th&-resonance regionS0556-28136)04512-§

PACS numbe(s): 25.20.Lj, 21.30.Cb, 24.10.Eq, 25.%%

I. INTRODUCTION 1(a). If the pion is produced with an off-shell kinematics, it
can be absorbed by one of the other nucleons in the nucleus
Conventional calculations using the impulse approxima-and we generate in this way two-nucleon absorption mecha-
tion and multiple scattering, together with Faddeev wavenisms, as shown in Fig.().
functions, have succeeded in reproducing the data of pion For the nuclear ¢, ) reaction the procedure is analo-
scattering and photoproduction on the trinucleon system ugous. We start now with a model for theN— 777N reac-
to aboutQ?<6 fm 2 [1-3]. tion, as depicted in Fig.(2), and then produce one of the
However, at larger momentum transfers present calculapions off shell and let it be absorbed by a second nucleon, as
tions fail to reproduce the data of tiéle(y,=*)3H reaction ~ depicted in Fig. &).
[1] and similar problems show up in cohererft photopro- The model of Ref[13] uses 67 Feynman diagrams to
duction[4] or pion elastic scatterinfp]. treat the yp— 7" 7~ p reaction. The model considers the
Some steps to generate meson exchange cui(iMi&e€’s) coupling of photons to nucleons and resonances and the cou-
in pion photoproduction in nuclei were given in R¢6], pling of these resonances to pions and nucleons or other
imposing current conservation and gauge invariance as leadesonances. The model includé§A(1230), N* (1440),
ing principles and making an expansion in powers df11/ andN*(1520) resonances. The model of Ref5] is much
(M is the nucleon mass more simplified but includes some unitary corrections which
A different approach, which was also based on the gaugare only relevant at photon energies above 800 MeV, beyond
invariance of the nuclear pion photoproduction amplitude, ighe scope of the present work. Here we follow the version of
taken in Ref[7] with apparent improvements on the region the model described ifil4] which keeps only the 20 Feyn-
of high momentum transfers in thtHe(y, 7 *)3H reaction. man diagrams which are needed for energies below 800
A critical discussion of this approach will be made in the MeV. On the other hand, in Reff14] the model of Ref[13]
next section. is extended to account for the different isospin channels,
In the present paper we shall follow a different approachwhich need to be considered here.
By analogy with the way the two-body photon absorption is Before proceeding forward let us make some comments
generated from theyN— 7N amplitude [8—10], we shall about the two-body mechanisms considered in R&f.Dia-
construct two-body currents for they(m ™) reaction in nu- grammatically they are depicted in Fig. 3 and they are evalu-
clei starting from theyN— 77N amplitude, which is the ated using time-dependent perturbation theory, taRirg or
object of recent experimentgl1,12 and theoreticdl13—-15 3H wave functions for the initial and final states and sum-
study. As we shall see, the effects obtained at large momen-
tum transfers are sizable but some indeterminations remain,
tied to the precise value of theA 7 andAAp couplings for
which the present reaction sets some upper bounds.

. T
Il. TWO-BODY EXCHANGE CURRENTS ) v -
FOR THE (y,7) REACTION Y

The mechanisms for two-body photon absorption used in
[8—10] are generated in the following way. One starts from
the yN— 7N amplitude as depicted diagrammatically in Fig. (a) (b)

FIG. 1. (a) Feynman diagram for pion photoproduction on the
*Permanent address: Laboratory of Theoretical Physics, JINRucleon,(b) meson exchange current mechanism associated with
Dubna, Head Post Office Box 79, SU-101000 Moscow, Russia. diagram(a).
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(a) (b) FIG. 4. Feynman diagrams in the time-independent perturbation

approach corresponding to the two-body processes of Fig. 3, exhib-
iting explicitly the exchange of mesorisnly 7= exchange is in the
re).

FIG. 2. (a) Feynman diagrams for two-pion photoproduction on
the nucleon;(b) meson exchange current mechanism associateggu
with diagram(a).

the A—Kroll-Ruderman term and th& —pion-pole term de-
ming over a set of intermediate states which contain onlyicted in Figs. 5a) and Jb), respectively. From there we can
three nucleons, for which plane waves are assumed. construct the two-body meson exchange currents diagrams

On the other hand, an alternative, time-independent Feyrwhich would contribute to they, ") reaction in®He. They
man diagrammatic perturbation approach would manifesthare depicted in Figs.(8) and Gb), respectively. However,
exchange mesons between the nucleons, as shown in Fig. while the diagram of Fig. & is a genuine two-nucleon ex-
which would transfer the photon energy from one nucleon tachange currents process, the one in Fig) 6an be classified
the other. In the case of one-pion exchange, the pion propas a two-body stepyN— N in the middle nucleon, fol-
gator can become singular, corresponding to on-shell piofowed by the elastic scattering of this pion with the first
production, in which case, this contribution becomes dominucleon. This is of course a possible physical mechanism,
nant over the exchange of virtual mesons, as found in studiesut it is automatically taken into account when one considers

of pion propagation in nucldil6].

The time-dependent perturbation approach of Réfre-
lies upon the wave functions dHe and®H, which incorpo-
rate implicitly the static meson exchange for tR&\ inter-

the (y,w) process followed by rescattering of the pion, as we

shall do. Hence, this term must be excluded from the ex-
change currents terms in our approach. Thus, we are led to
the term of Fig. €a) as the dominant MEC term.

action (the energy dependence of the pion propagator in By taking the other terms for theN— 77N amplitude

momentum space, or time dependence in coordinate space

,aad repeating the former procedure we would get additional

neglectedl Hence, it does not incorporate the energy depenterms which generate the MEC in the 3He—3H =™ re-
dence in the pion exchange, which at the energy which wection.

use is very importantl7]. Therefore, the procedure of Ref.

There is, however, another term which deserves particular

[7] is appropriate for low energies, but it becomes less accuattention. This is the one depicted in Figay which in-
rate as the energy increases, particularly if one goes beyonglves A excitation followed byA— A« decay and which

the pion production threshold.

gives rise to the exchange currents term of Fidp) 7n the

In as much as the two-body terms depicted in Fig. 4 arey 3He—3H =" reaction(DINT, delta interaction mecha-
dominated by the exchange of nonstatic pions, as we haugism, in the nomenclature of RdfL8]).

argued, there is an easy way to take these processes into The term in Fig. 7a) is not particularly relevant in the

account, which is to consider ay(w) step(diagram to the
left in Fig. 4 if one cuts the intermediate pion lin@llowed

yN— 77N reaction with on-shell pions since the twds
cannot be simultaneously on shell. However, the situation is

by rescattering of the pion. This is the procedure which wedifferent in the exchange currents terms of Fifh)hecause

will follow here.

lll. TWO-BODY AMPLITUDES
IN THE y 3He—3H=* REACTION

The two most important terms in theN— 77~ N and
yN— 7" 7N amplitudes in the region of interest to us are

(a) (b)

FIG. 3. Two-body mechanism considered in Réfl.

the pion from theAAw vertex is emitted off shell with
q°=0 and now bothA’s can be simultaneously on shell,
which magnifies the contribution of the term. The pion ex-
changed in Fig. (b) has now ap-wave coupling in both
vertices. In such a case it is mandatory to consider simulta-

T
- ‘x‘/{’
.
Y %‘LZ
(a) (b)

FIG. 5. DominantA—Kroll-Ruderman term(@ and pion pole
term (b), in the (y,w) process on the nucleon.



3162 J. A Gd\/lEZ-TEJEDOR, S. S. KAMALOV, AND E. OSET 54

T T

i~ -] | 7 .

[ n

— LR L T
k \ q %

Y Y Y
(a) (b)
(a) (b)

FIG. 6. Meson exchange currents associated to the mechanisms
of Fig. 5. Diagram(b) actually corresponds toy{w) on one
nucleon, followed by pion rescattering on another one, and is

; . FIG. 7. (a) SuccessiveA excitation mechanism for the
treated like that in our approackee text

(y,mm) process on the nucleofh) related meson exchange current

] mechanism for the ¥, 7r) reaction on the nucleu®INT mecha-
neously the nuclear short-range correlations and supplemepfs).

it by the exchange of @ meson[19] and we do so here.

The differential cross section from the two-body mecha- The spin-isospin wave functions for thiéle and3H can
nisms of Fig. §a) (as well as the other terms generated frombe written by analogy to the quark model wave functions of
the full yN— 77N amplitudé is given in they 3He c.m.  the nucleons as
frame by

| s :3Hel )= E(—pnpl1T+nppt L1 —ppnt |1
do 1 MpMyp, 2
a0 @m? s k| Twed” @) +ppnl11+pnpl1L—nppl1l), (59

with K and p.. the momenta of the photon and the pion, |¥s. ;3Hei>=\/g(pnpm—ppnm—nppmwpnm
respectively,s the Mandelstam variable for the 3He sys- _
tem, andT ¢ the two-body scattering matrix given by pnpLLT+nppLLT), (5b)

s :°H1)=VE(—pnnt L1+pnni T | +npn| 11

T —EJﬁF”F*V—E
vec= 2 | p3F@F@E+p,—k) —npniTL+nnp1=nnpl11), (50
Xi—zml<¢s,i§3H|t|5'm-ﬁT}r;]|¢syi;3He>, s H1)=/E(=npnT | | +pnn| 1 | —nnp 1]

_az_mﬂ'
+nnptll+npnl|T—pnn[|T), (5d)

where the antisymmetric combination is taken instead of the
whereF(q) is the *He form factor, symmetric one for quarks, for which the color wave function

provides the antisymmetry. Given the symmetry of the wave

- 3 . . functions, the sum of the two-body operat@);,. ,Oim, in
F(Q):f dore*(r)ef e(r), () Eq.(2) can be replaced by®,,. Now, in the evaluation of

the spin-isospin matrix elements of E®) with the mecha-
nism of Fig. §a) we find, the possible isospin combinations
depicted in Fig. 8. We find for the spin-non-flip amplitude,

)

with ¢(r) the spatial single-particle wave function of the
nucleons in®He or 3H and ¢ ; the spin-isospin wave func-

tion. The & and = operators in Eq(2) refer to the nucleon (e PHIt100- G| e :PHE) = A+ D, ©)
m while t, is the yN— 7N amplitude referred to the > >
nucleonl. where

In a first step we consider harmonic oscillator wave func-
tions corrected by the c.m. motion. This is easily imple- A=6(3HT|I(1a>52-aT§|3HeT>=\/§<pT|t(a)|pT><l|¢;‘a|l>
mented by multiplying by the Tassie-Barker factor the shell
model results for thd matrix of Eq.(2), evaluated with the —V2(pTIt®|p ) |o-qlT), (78
harmonic oscillator wave functions. Hence we have

: S . D=6(*H1[t\" a2 qr}[Hel )= V2(n1[t@[nT)(L|o-ql])
F(Q)F(q+p,— K)— e 014" (@+p,—K4a’g(k—p)21120° o
4 —V2(n||tDn1)(1]o-qll). (7b)

with @?=0.37 fm™2. In a second step Faddeev wave func- On the other hand, for the spin-flip amplitude we find

tions, which incorporate short-range correlations, will be 3 . . 3 ) ,
used. (si i °Hltioz q73l s ;°HE)=A"+ D", 8
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2 (2 e | T. JR Fig. 6(@ which appear in the calculation of
Y, ¥ MEC's in the y 3He—3H = reaction.
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(a) (b) (c) (d)
where In addition to the terms in Fig. 8 we would also have a set

A" =6(°H [t 7o qr5|°Het) = V2(pl[t®|pT)(L[oql L)
—2(plIt®[pL)(l]o-qlT), (99
D'=6(*H||t\" a5 qr3[*Hel )= V2(n L[t|nT)(T]o-qlT)
—2(n1[t@InT)(L]o-ql1). (9b)

Because of the isospin symmetry, the amplitut@s and
t@ are related by

([t @n)=3(p|t®|p).

of terms where ther™ is produced from theyNA 7 vertex

and the exchanged pion comes from the decay ofAthén

this case this\ is off shell (has the nucleon energgnd the
contribution of these diagrams is much smaller than in the
case of Fig. 8. Since close to thepole theA propagator in

Fig. 8 is purely imaginary (2I"), while the terms discussed
above are real, there is no interference between the latter
terms and those in Fig. 8, and, therefore, their contribution
can be neglected. Note that there is one difference between
the situation in the MEC and the one met in the
vyN— 7N with real pions. In this latter case the pion from
the yNA 7 vertex in Fig. &) (omitting the nucleon line to
the righ) has a distribution of energies and so has shén

Thus, the evaluation of the nuclear matrix elements rethe case of the exchange currents, thein Fig. 8@ carries
duces trivially to the spin matrix elements of the elementaryno energy and thA can then be placed on shell for a certain
yp— 7~ p amplitude of Fig. &), removing the nucleon energy of the photon. For the same arguments, a term that
line of the right. This amplitude can be obtained from Ref.was important in the/N— N reaction, which was the one
[13] and we give it in the Appendix here. Note that the with yN—N* (1520}~ A, is not so relevant here. The rea-

diagrams of Figs. @) and &c) are zero in our case.

son is that inryN— 7ararN with real pions we could have both

The unpolarized cross section from the MEC is obtainedhe N* (1520) and the\ close to the on-shell situation since
summing the two cross sections corresponding to the amplsome energy of thil* (1520) was lost to the pion. However,
tudes of Eqs(6) and(8). In addition one must consider the here the exchanged pion carries no energy and both the

photon polarization. This is easily done since

t=t'e'(\,K), (10

where €' is the photon polarization in the Coulomb gauge

N*(1520) and theA will carry the same energy and cannot
be simultaneously on shell.
The extension of the formalism discussed in H§$—(9)
to include the additional terms of theN— 7N amplitude
is easy, since all of them have a structure like in those equa-

(°=0,e-k=0). This allows us also to evaluate the crosstions and all one needs is the matrix elementsdbetween

sections for polarized photons along theandy axes and
evaluate the asymmetry

Dol A (11)

oyt oy

spin-isospin states, which can be obtained from R&d).

We have found that inclusion of these terms changes the
contribution of the exchange currents by less than 10% of
the contribution of the terms we have discussed, with the
only exception being thA A term of Fig. 7 which we pass to
discuss below.

On the other hand, the photon unpolarized cross section 1 possible terms with th®A 7 interaction are collected

can be obtained by using

R, Kk
2 eNK)ENK)=68;— =.

TR (12

in Fig. 9. Note that the structure of the terrt@ and (h)
corresponds to the one of diagraf® and (d) of Fig. 8,
respectively. The contribution of these terms to the nuclear
spin isospin matrix element of E) is like in Egs.(7) and

FIG. 9. Detailed diagrams corresponding to
Fig. 7(b) which appear in the calculation of
MEC's in the y 3He—3H =" reaction.
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(9) for the non-spin-flip and spin-flip amplitudes substituting 7+ p exchange. We have estimated the effects of such an
t@ @ py t@ tM  respectively. The contribution of the exchange and have found it negligikilene order of magni-
terms(e) and (f) of Fig. 9 is new. We write below the con- tude smaller at large momentum transfers where the other

tribution of these diagrams: terms become relevantThe strength of the isoscalar ex-
o . change is obtained by imposing that theHartree potential
E=6(*H1[t{a,-q75|Hel)=—(n|[t'®|pT)(T|o-al]) in a nucleus is around 50p/p, MeV [22]. The momentum
. . dependence of the vertices in thet p exchange is what
+(nL[t9lp)(T|o-qlT), (138 makes the contribution of these terms relatively more impor-
0= =0 .. tant than the isoscalar exchange terms at large momentum
F=6(*H1[t{" 2 q75|*Het)=(n1[tVp|)(I|o-qlT) transfers.
—(nLtVpl)(1]o-alT), (130 IV. TOTAL PION PHOTOPRODUCTION AMPLITUDE
and for the spin-flip amplitude we will have In a more elaborated model we shall use realistic three-
, 3 ©> > 03 © .- body wave functions for the ground states of tHde and
E'=6(°H||t;" o, qr[*Hel)=—(n|[t'"’|pT)(l]o-q|]) 3H nuclei which are obtained as a solution of Faddeev equa-
© I tions with realistic nucleon-nucleon potentials. In the total
H(nl[t9[pL)(l]o-alT), (143 pion photoproducton amplitude the pion rescattefarfinal
. . state interactiorfFSI)] will be taken into account.
F'=6(°H|[t{" o, q75|*Het)=(n[t"|pT)(1|o-q| 1) At present time a large number of three-body wave func-
) - - tions for the A=3 system is available. However, most of
—(n1[tV[pT)(Llo-qlT). (14D them give almost the same nuclear form factors in the

0<Q<5-6 fm™! region. Therefore, we expect that the dif-
for t® can be seen in the Appendix ference caused by using different sets of Faddeev wave func-
An alternative formulation of all fhese matrix elements tions Is s'mall.'ln our caIchanns we will use the wave func-
] ) ) 'tion obtained in Ref{23] with the Reid soft-core potential. It
using Racah algebra, is also possible. In the present case, thgscribes both static and dynamical properties ofAke3

. 3 . .
ST s o i e Ll Sl e 1 ystem al momeniu transers Up 0 o provided one
P includes meson exchange currents in the electromagnetic ob-

use of the elaborate Racah algebra. The calculations ha‘é%rvables

been done with the two methods in order to have extra con- In momentum space the Faddeev wave functions

fidence in the results, which were identical in both cases. - - ) i ]
The p meson is introduced in an easy way. The amp”_‘l{(P,p) are expanded in angular momentum, spin, and isos-

tudes corresponding to the diagrams in Fig. 9 share in con?in bases as

mon the structure

o V(P,p)= LP.P(LDL,(S2)S, 2 MY|(TH L),
qiquw(q)Fi(Q)a (15) (P.p) 21(25( p)|( )L,(S3)S,3 >|( 2)2V>

17
where D _(q) is the pion propagator ané .(q) is the
7NN form factor. The introduction of the meson is done where ¢,(P,p) are numerical solutions of the Faddeev

From Fig. 9 we can also see th&? =t(". The expression

by replacing this spin-longitudinal combination by equations. To shorten the notation we introduced
. ) a={LILSST}, whereL, S, andT are the total angular mo-
(6ij—0i9;)D,(a)F,(q)C,,. (16)  mentum, spin, and isospin of the p&,3 (L is associated

with momentumls), andl and3 have an analogous meaning

for the particle(1) (I is associated with momentup). The
momentaP andp are defined in the Lovelace frame:

From Ref.[20] we haveC,=2.93A ,=1.4 obtained from
the analysis of th&IN interaction, while as shown in Ref.
[20], if one takes results from the analysisdN— 777 from
Ref. [21], this would correspond t€,=3.94 assuming the
same cut off parameter. We shall see in Sec. V how sensitive
the results are to these couplings.

Ordinarily, at the same time that one introduces the
meson one introduces the effect of nuclear short-range cowherep,, p,, andps are the nucleon momenta in an arbi-
relations, which in the absence of theNN form factors  trary frame.

eliminates thed function implicit in 7 andp exchange. The The dominant part of the wave function of H47) (about

effects of the short-range correlations modifying theand 909 consists ofS state components, while i state prob-

p exchange are usually included in terms of the phenomenaapilities combine to around 8%. It is well known that in the

logical Landau-Migdal force, of the tymf ocor7[16,19. In  calculation within the impulse approximation tli® states

the present case, since we will explicitly use Faddeev wavegive the important contribution in the one-body nuclear form

functions which incorporate the short-range correlations, weactor at high momentum transfer. However, in the case of

shall not introduce this term. MEC'’s, where two nucleons are involved in the process, we
Certainly one can also think about the possibility of ex-expect that the contribution of thB states will be much

changing an isoscalar object in Fig. 9, instead of TRel,  smaller since now the momentum transfer is shared between

1. . 1 . . 1.
P==(p,—ps3), =——(p,+p3)— —p;, (18
2(p2 P3), P 2\/§(p2 P3) \/§p1 (18)
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the two nucleons. Therefore, in calculations of the MEC wefor the case of non spin flip, and By ,

shall keep only the bigge& configurations in the expansion
of Eq. (17). Then for the nuclear two-body form factor, in-

stead of Eq(4), we get

F(q)F(d—é)ﬂf dPdpes(|P+A|,|p+al) ds(P,p),
(19)

whereA=\/3/2(q—Q/2), a=0Q/3, and the transferred mo-

mentumQ=Kk—p,.

The total pion photoproduction amplitude, which includes

the pion rescattering contributions, can be written as

> > - a
Fwy(p'n'!k)zvﬂ'y(pﬂ'rk)_ W

d3qf FWW’(ﬁw!a,)Vw’fy(d),,lz)
X; fM(CI') E(p,)—E(q')+ie
(20

T/ a=—(n| |t71'y| pT>e—(|2— 5ﬁ)2/4a2e(12_ p.)2/12a2 (25)

for the case of spin flip.

The pion scattering amplitud€ ., is constructed in
framework of the Kerman-McManus-Thal@MT) version
of multiple scattering theory28] as a solution of the
Lippmann-Schwinger equation

S s N a
Ffrr’ﬂ'(q’va):vw’w(q,va)_ (ZT)Z

d°q" Vi p(Q',")F (0,0
< ) M)  E(p,)—E(Q)+ie

X

(26)

Here the pion-nuclear interaction is described by the poten-
tial V... which is related to the freeN scatteringt matrix

[2]. As was shown in Ref[2] this approach gives a good
description of pion®He elastic scattering in a wide energy

where the total pion-nuclear energy is denoted byregion, 56<T_<300 MeV.

E(p,)=E.(p,) +Ea(p,) and the reduced mass is given by

M(p.)=E.(p-)Ea(P-)/E(p,). The factora=(A-1)/A
=2/3 is introduced to avoid double counting of thdl in-
teraction in the pion photoproduction,, and pion scatter-
ing F . amplitudes.

The nuclear pion photoproduction amplitudg,, includes

the standard one-body partf7 obtained using the impulse

approximation[1] and the new two-body pai}>° related

to the MEC contributions considered above:
__y\/IA MEC

V=V 4 yMEC, (21)

The amplitudeV''S is connected with thd matrix in Eq.
(2) by the relationship

1/2
1 ( M M H) 22

MEC _
Vﬂ"y - E S TMEC .

V. RESULTS AND DISCUSSION

In Fig. 10[@ we can see the differential cross section for
the two MEC mechanisms discussed in Sec. Ill. The cross
section is calculated a#=137° as a function of the photon
energy using harmonic oscillator wave functions. The
mechanisms peak around theregion as expected, and the
DINT mechanism involving thé A 7 vertex dominates over
the one of theA —Kroll-Ruderman term.

In Fig. 10b) we show the same results but using the
Faddeev wave function. We can see that while the
A—Kroll-Ruderman term contribution barely changes, the
one of the DINT mechanism is drastically reduced. This is
not surprising in the sense that short-range correlations affect
the interaction with two vertices witlp-wave coupling,
since this interaction contains implicitly th& term which

is suppressed by the correlations. However, the

In the framework of the plane wave impulse apprOXima'A—KroII-Ruderman term has ag-wave couplingéT-E in

tion (PWIA) the one-body part is expressed in terms of theO

free pion-nucleon photoproductidnmatrix:

A
T.A=<w<5w>,f|j§l (DKL), (23

ne nucleon and a-wave coupling in the second nucleon,

o ﬁ and the resulting interaction does not contain this short-
range piece which is affected by the correlations.

The arguments about correlations can be visualized in
Fig. 11, where we plot the relative wave function of two
nucleons in®He using the harmonic oscillator or the Fad-

where|i) and|f) denote the nuclear initial and final states, jeey wave functions. We can see that while the harmonic
respectively, and refers to the individual target nucleons. qqcijjator wave function has a maximum at zero relative dis-

The connection of thd@, matrix with the amplitudé\/'f:y is

tances, the Faddeev wave function has a hole at small rela-

of calculating thev'2 (p.,,k) amplitude is given in Ref1].

In Fig. 12 we can see the cross sections with the sum of

Forfﬁy we shall use the unitary version of the Blomqyvist- the A—Kroll-Ruderman and DINT mechanisms but onty
Laget amplitud¢26,27], which describes the real and imagi- exchange(dashed ling and the contribution op exchange

nary parts not only for the resonant magne¥lg, but also
for the resonanE; . multipole.

(dash-dotted line The results are obtained using Faddeev
wave functions. We can see that the contribution frpm

In the formalism which we have used for the constructionexchange is large, as already found in the pion nucleus

of the MEC amplitude, th&,, amplitude can be given by

TIA — <nl |t77y| pl>e—(|2— 6ﬁ)2/4a2e(|2— 5W)2/12a2 (24)

double charge exchange reaction using the DINT mechanism
[18]. We also show in the figure the contribution of the other
diagrams foryN— 7aN, not discussed explicitly before
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: 0009 1 2 3 4 5
E H.0. wave function ] x (fm)
4 -(0) \ | ] FIG. 11. Harmonic oscillatofdashed curveand Faddeeysolid
10 200 300 400 500 curve wave functions as a function of two-nucleons relative coor-
E, (MeV) dinatex=|r;—r,| at fixedy=|(r,+rz—2r3)/\3|=1 fm.
10° Another feature worth noting is that the results are sensi-
g ' ' ] tive to the value o, from Eq.(16) and thewAA coupling.
He(y,m*)°H 1 If for the latter we take the quark model val&ig= if [25],
- . where f is the NN# coupling constantf=1.0, and take
107'E 9 =137° - C,=3.94[solid curve labeledl)], we overshoot the experi-
: em. 3 2

ment at values 0®?=4-6 fm~2, in a region where the data
are fairly reliable. In the same figure we show the results
assuming C,=2.93, f{{=0.8 (dash-dotted curye and
C,=2.93, f{=0.5 [solid curve labeled2)]. We can see
from all these results that the latter ones, corresponding to
the smaller value o€ ,, together with a similar value of the

f1 coupling as the quark model result, seems to agree better
with the data at intermediate values @f. Indications that

do/d0(ub/sr)

[/ Foddeev wave function ™\ 1 the wAA coupling is indeed smaller than the quark model
. _//(b> | | N
1OZOO 300 400 500 10° ————————T7——
E, (MeV) F
He(y,m*)H

FIG. 10. Energy dependence of the differential cross section at
pion angled, ,=137° for pion exchange DINTdashed curveand 10
A—Kroll-Ruderman (dash-dotted curye mechanisms calculated
with harmonic oscillatofa) and Faddeevyb) wave functions. The
solid curve is the sum of these two MEC mechanisms. The outgoing
pion is a plane wave.

0, =137° 4

(dotted ling. As mentioned previously, these terms are
small. The results for the sum of all the terms, calculated in

do/dQ(ub/sr)
S

the plane wave approximation, are given by the solid line. 10k IR
We also show results using pion rescattering, as discussed in
the previous sectiofthick solid ling. The implementation of  Faddeev wave function "]
the pion rescattering reduces the results at photon energies ol
above 250 MeV and moderately increases them at lower en- 005500200 500
ergies. E, (MeV)

In Fig. 13 we show our results, adding the contribution of
the impulse approximatiofiA) plus the exchange currents,  rig 12 Energy dependence of the differential cross section at
using pion distorted waves. We can compare the results WItBion angle 6.,=137° for pion exchange DINT +
the experimental data from Ref24]. What we observe is  A_kroll-Ruderman (dashed curve p-meson exchange DINT
that the MEC contribution(dotted curvg is small at low  (dash-dotted curye and othergdotted curv@ mechanisms calcu-
photon energies and becomes sizable compared to the lAted with Faddeev wave functions and plane waves for outgoing
(dashed curveat high values 0f2. The MEC’s improve the pions. The solid and thick solid curves are total MEC cross sections
agreement with the data but at lar@é we are still short of  obtained without and with a pion final state interaction, respec-
the experimental numbers. tively.
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FIG. 13. Differential cross section &, ,=137° as a function 0 30 60 90 120 150 180
of the transferred momentum. The dashed curve is the result of the ec‘m‘(deg)
conventional distorted wave impulse approximati@WwIA) ap-
proach[1] without MEC contributions. Solid curvél), MEC's for FIG. 14. Angular distribution for differential cross section and

C,=3.94 andf{=0.8 are included. The corresponding MEC con- photon asymmetryX) at E, =300 MeV calculated with Faddeev
tribution alone is shown by the dotted curve. The dash-dotted anwave functions. Dash-dotted and dashed curves are IA and IA
solid curve(2) is the total result foC,=2.93 withf{=0.8 and 0.5, +MEC results without FSI's, respectively. Solid curves are the to-
respectively. Experimental data are from Refl. tal calculations including FSI's. The dotted curves are PWIA results
obtained with harmonic oscillator wave function. In this case the
result have already been mentioned before in connectiofimple relations of Eq(27) hold. Experimental data are from Ref.
with the #N— 77N reaction[29,30. Obviously we cannot [32] (O) and Ref.[4] (@).
induce from there the values 6f ,C,, but we certainly can . ) ) ]
exclude regions of these couplings where the disagreemeft,=2-93, f{=0.5 are included in the calculations. There
with the data would be unacceptable. we present the angular distribution for the cross section and
Next we would like to discuss the polarization observ-the photon asymmetry2() atE, =300 MeV in PWIA (dash-
ables. In this paper, we shall consider only single polarizadotted curves PWIA+MEC (dashed curvesand full cal-
tion observables that appear in pion photoproduction with &ulations with pion rescatteringsolid curves. The dotted
polarized photon and an unpolarized nucleus or an unpolafurves are PWIA calculations with harmonic oscillator wave
ized photon and a polarized nucleus. In both cases three p#inctions, the model where nuclear polarization observables
larization observables can be measured: the photon asymmgatisfy the relations of Eq27). Thus MEC contributions
try 3, target asymmetrif, and recoil asymmetr{p. lead to significant effects in the phpton asymmetry and
Definitions and detailed investigations of these polarizaaround=60°~120° we can see an increase of the asym-
tion observables in the framework of the impulse approximametry by about a factor of 2. We hope that using the recently
tion have been done in ReB1]. We recall only one result developed new generation of 100% duty factor high intensity
from this work which will be useful in the discussion below. €lectron accelerators in Mainz, NIKHEFKMPS and
In a very simple model using harmonic oscillator nuclearSaskatoon, our prediction for such effects can be verified.
wave functions and excluding pion rescatter|tige second From Fig. 15 we can conclude that target and recoil asym-
term in Eq.(20)], we can get simple relations between themetries are less sensitive to the MEC contribution at
observables forHe(y,7*)°H and the elementary process fcm<90° (also calculated withC,=2.93, f{=0.5). At

p(y,7")n: backward angles the MEC gives a visible contribution only
in the T observable. However, this regidgwhere differential
>(He)=3(p), T(He)=—P(p), P(He)=-T(p) cross sections are smatlan also be sensitive to other ingre-

(270 dients of the theory.

provided the Lorentz transformation from thd c.m. to the

m 3He c.m. system is taken into account. As was demon-
strated in Ref[31] in the forward directiord., ,, <60° these In this paper we have evaluated the contribution of meson
relations are only slightly destroyed by the complexity of theexchange currents to the 3He—3H #" reaction. For this
nuclear structure or by pion rescattering contributions. Atpurpose we used a recently developed model for the
larger angles contributions from the nucldar states and yN— @@N reaction. The MEC’s were evaluated assuming
FSI's become important. the yN— 7N process occurring in one nucleon, producing

In Fig. 14 we demonstrate what can happen with thethe outgoingm™ and one off-shell pion which is absorbed by

photon asymmetry when MEC contributions with a second nucleon.

VI. CONCLUSIONS
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0. m(de9) In this appendix we show the amplitudes for the Feynman
0.0 . - » . . diagrams depicted in Figs. 8 and 9, removing the nucleon
0o L /] line of the right. However, we included here th& N form
“ ! factors corresponding to the two vertices in the figure:
-0.4 i1 ‘ ///( 1 I £\ 2
~ el o] —it<a>'<“>=c§e(m—) Ga(P2+ P F((a—K)DF (g?)
7 Pt i
_ Lo ot i - S > >
RS X[2P,~1(6XP)]-2, (A1)
-1.0 e g
0 30 80 S0 120 150 180 f* 1 fan
—it@uh@h=p__ 4 ANy
8, n(deg) it Con . m,, a(P2+Px)Gs
FIG. 15. The same as in Fig. 14 for targdt)(and recoil @) X (p1+K)F(g){i2(p,-K)q—i2(q-K)p,
asymmetries.

— 4P ) (0 XK) — (P, 0)(GXK)
It was found that, among a large number of Feynman L
diagrams, those associated with theKroll-Ruderman term +%(9-0)(p,xK)}-&. (A2)
and theA-N interaction were the dominant ones, and the rest
were very small. In the latter case of theN interaction, we _ ; + o
7T, P, IS the momentum of ther™, k is the momentum of

also included exchange in addition to pion exchange and Itthe photon,p, is the momentum of the incoming nucleon,

turned out to be important, although quite sensitive toand 0, is the momentum of the outgoing nucleddy () is
nucleon short-range correlations.

. . the A propagator;F.(qg?) is the pion form factor that we
We founzd the MEC [nzechamsms to bezvery |mp702rtant fortake ofthg rﬁonopoléqty)pe, Withgl.:% GeV:e is the elec-
values ofQ :.4_16 fm ™. For \{alues QfQ ~10 fm W€ " tron charge ¢=0.3027);f* is the AN# coupling constant,
observed an increase of the differential cross section by =2.13.f7 is the AAw coupling constantf,y., is the
order of magnitude with respect to the impulse approxima- : > Y
tion, improving the agreement with experimental data. AN7 co_uplmg constant ,=0.116;¢ IS the photon polar-
We also evaluated the polarization observables and fountfation in the Coulomb gauge:{=0,e-k=0). .
that the photon asymmetry was largely affected by the MEC | C are the isospin coefficients, for each diagram, which are
around theA resonance region and at angles of abodt g0~ 9iven by
factor of 2 increase in the photon asymmetry was found in ca=1,
this case due to MEC's.

In these expressions} is the momentum of ther® or

The findings of this paper, both for differential cross sec- =13,
tions and polarization observables, and the recent interest in c®=—2/6, (A3)
the yN— 7N reaction, should stimulate new measure-
ments of they 3He—3H = reaction with the new im- ch=—12/8,
proved facilities in order to stress the connection between the 9= _1
elementary ¢, ) reaction and the ¥, ) reaction in nu- '
clei. cM=—-2/3,
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