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Charge symmetry violation effects in pion scattering off the deuteron
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We discuss the theoretical and experimental situations for charge symmetry viglagoh effects in the
elastic scattering ofr" and«~ on deuteriumD) and *He/®H. Accurate comparison of data for both types of
targets provides evidence for the presence of CSV effects. While there are indications of a CSV effect in
deuterium, it is much more pronounced in the caséHd/>*H. We provide a description of the CSV effect on
the deuteron in terms of single- and double-scattering amplitudesATiass splitting is taken into account.
Theoretical predictions are compared with existing experimental data-fdrscattering; a future article will
speak to ther-three nucleon case.

PACS numbsds): 25.80.Dj, 24.80+y, 25.10:+s, 25.45.De

[. INTRODUCTION and in terms of ratios; andr,, and superratidk for the

The study of CSV in the interaction of pions with nuclei *He/®H case
in the Delta resonance region has been of considerable inter-
est for the last twg decadesg. ThSe interaction czf pions with . do/dQ (71 3H)
light nuclei such asH [1-9], *He/°H [9-13], and “He [14] 1= A =3
has attracted particular attention. However, we note that do/dQ(m"He)
quite a large data set also exists for scattering-6fand 7~
on *°C, %0, and“°Ca as well[15].

From the point of view of theory, the advantage of search-
ing for CSV in the scattering of pions from light nuclei is
that one can describe pion scattering in these systems in a R=rr,. 2)
relatively straight-forward manner. With this in mind, we
limit ourselves to the consideration of the scattering of pionsBoth interactions=*3H and 7~ *He for the ratior,, and
from deuterium,®He, and®H. Moreover, we anticipate that = 3H and#*3He for the ratior, are isomirror interactions.
CSV effects are considerably diminished in the case of pioTherefore, if charge symmetry is strictly observed, both
scattering from heavier nuclei because of the importance aéindr, would be equal to 1.0. Of course, the Coulomb inter-
processes such as absorption. action is not charge symmetric and would have to be taken

First, in order to evaluate the scale of CSV effect, weinto account. The superrat®is the product, andr,. So, if
focus our theoretical efforts primarily ond elastic scatter- charge symmetry is universally truB,is also equal to 1.0.
ing. In a following article, we will develop the formalism The experimental data suggests evidence for a small ef-
further to investigate CSV in the three-nucleon system.  fect in A, for the deuterorie.g.,A,=2% at 143 MeV[3])

A detailed analysis of the experimental situation will be with some indication of structure at scattering angles around
given in the next section. Here, we want only to point out90° in c.m. frame. At the same time, a sizable effect is
that in order to make a comparison between experimentallearly seen in theHe/*H case. For example,=0.7+0.1
data related to different projectile or target, we must deafor T,.=256 MeV and§=82°[12]. Theoretical predictions
with the same experimental measurables. Historically, théor the asymmetryA__ in the deuterium case were given in
CSV experimental data were given in terms of asymmetryRef.[3]. To describe the asymmetry, authors of R&f.used
A, for the deuteron a single-scattering approximation with allowance for differ-
ently chargedA’s (1232. In this approximation, the CSV
_ + effect proved to be independent of the scattering angle with
:do/dﬂ(ﬂ d)—da/dQ(7"d) (1) typical value proportional tam, /I, . Approximately the

do/dQ(7~d)+da/dQ(mtd)’ same approach was used in thide/*H case in Ref[9].
A different approach for théHe/*H case was suggested
in Ref.[16]. Authors of this paper used an optical potential

3 do/dQ (7 3H)

r - T a .
2 doldQ(m3He)

m
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terpretation was disputed by Briscoe and Silverrfial be-  energy Gatchina data @t,=417 MeV[8] which also shows
cause the authors of Rdf16] obtained structure only near some indications on CSV.

the 90° inr, but could not at all explain the overall behavior  We recall that the asymmetiit), and ratios(2), are two
of the experimental data. different measures of CSV effects. As in tiele/*H case,

In our investigation, we study the role of double- we denote the ratio=r;=r,
scattering on CSV because of mass splitting\osobars. It
is widely known that the single-scattering approximation re- do/dQ(7 d)
produces a differential cross section fairly well in the for- r=—————=1
ward hemisphere. But for scattering angles beyond 90°, the da/dQ (7" d)
double-scattering term is important and should be include
The influence of multiple scattering terms on differentia
cross section for deutron case was studied long ago in Refs.
[18-2(0. But the influence of double and multiple scattering
on CSV effects was never studied in detail.

In Sec. lll, we explain how the basic ingredients of the
scattering amplitude and constraints such as single an
double scattering, and the Coulomb interaction are combineg_:
for 7d elastic scattering. These results and the prospect fo&
improvement are summarized in Sec. IV. Tiée/*H case is
considered in forcoming paper.

+ €.

|dThen, in the case of small magnitudes of CSV, we get
A ~el2.

Clearly, this tiny effect would require high-quality data.

Smith et al. [5] reported a—1.5% asymmetry in therd

0ss sections at back angles, with uncertainties of 0.6% at
e different angles. The energy dependence of the asymme-
y between 30 and 417 MeV is shown in Fig. 1.

IIl. THEORETICAL CONSIDERATION OF CSV EFFECT
IN DEUTERON

1. ANALYSIS OF EXPERIMENTAL SITUATION . . .
We see two possible ways to interpret the experimental

The CSV effect was first observed in the difference ofsituation. The first way is that one may conclude that there is
total 7=d cross sections in PSI and reported in R&f. This  really no effect in deuterium in accordance with statement
has been widely discussed, see, e.g., the book by Ericson affs] and that the effect in théHe/*H case is influenced cor-
Weise[21]. There have been several measurements for botfespondingly by specific three-body configurations 3sfe
«d and 7~ d. The first systematic study of the CSV effect and H. By this, we mean the possible influence of three-
in the differential=*d cross sections was done at LAMPF body, CSV forces which are absent in tRel case and/or
and presented in Ref22]. Soon after, the asymmetdy, for  differences in the description dHe and>H wave functions
T,=143 MeV was presented for the range of laboratory(WF) as a consequence of an additional Coulomb repulsion
scattering angles between 20° and 113} The experiment between two protons in théHe casgsee in this connection
was repeated for approximately the same range of scatteririgef. [23]).
angles afT =256 MeV [4]. We note that the structure in The second scenario is to suggest that the effect may be
the asymmetry seen in R¢B] was not seen in the TRIUMF seen in both case$H and 3He/*H, but in deuterium, the
measurements of R¢5]. In the meantime, some indications effect is small in comparison withHe/>H. There should still
for CSV effects were also obtained at low energies 30, 50be some angular dependence for the CSV effect in deute-
and 65 MeV at TRIUMHA6,7]. We also mention the high- rium. However, Mastersoat al. [3] have shown that within
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FIG. 2. Single-scattering amplitudes far" d on the proton(a)
and the neutrorfb).

the impulse single-scattering approximation the angular de-

pendence for CSV is absent when only scattering viaPthe

is considered. The inclusion of otheBsand P waves does
not change the situation dramatically as all the phases except
P33 are small in the region of interest. So, we need to look 3
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whereo and 7 are Pauli matrices antl,, is the operator in
spin and isospin space of theN system. The deuteron wave
function in Swave approximation is

1 .-
E pa(p)Wy (€-0) oy Wi

(herew,; andw, are the nucleon spinors andis the polar-
ization vector of deutergnand the expression for amplitude
f4, which correspond to Fig.(d), has the form

= Zf P
EZS) (2m)®

7N = s é
Ec.m.f33(kc.m)lpd(p)¢d p 2

x{2(¢- &) (k-K')—[exe']-[kxK']}. (4)

Here A=k—K’ is the three-dimension momentum transfer;
«K)=1/2ik (€293 —1): €(€') is the polarization vector

beyond the single-scattering approximation and to consideof initial (final) deuteron;k= Ec_m,/kc_m, and ﬁ’=|2[:.m_/kc_m,

multiple scattering of pions.
(1) Single-scattering approximatiorEverywhere below,
we shall use the following notations:

™ wembeo =
Tmrer VIO S Mt e)

kc.m

wherew is the pion energyy; are the masses of isobars, and
here and below indices-14 in the notations of amplitudes,
masses and widths mean the corresponding isobar isospin

state:
i=1, 2, 3, 4
for
ATTAT, A% AT

We supposel o=T';;=1'g=120 MeV. The valuesw; (i

=1, 2, 3, 4), we calculate according to the formula fro

Ref.[21] [p. 124, Eq.(4.16)]:
Wi=a—bli+cli2,

wherel; is the third component of isospin for thé term

are the units vectors, wheke (k. ,) is the momentum of
initial (final) pion in the rest frame of subprocessN
— aN.

At this stage, we make some simplifications. We shall
neglect Fermi motion of the nucleon and considir a
while) the expression{4) in the static limit, i.e.,o/m—0.
Then, E™N/ET 1, k. m—k. So, we get

=2 01206 &) (R R —[ex &) TR k"
pa 333(){(66)( )—Lexe]-[ 1}
xf\lf%(r)ei(&’z)‘FdF. (5)

For this amplitude, the differential cross section with the
unpolarized initial deuteron has the following form:

det) 32
;(;d=2—7(6co§0+sin20)|f33(k)|2F%(A), (6)

mWhere FD(A):f\If%(r)eiX'F’ZdF. This expression agrees

with that given in Ref[3]. The ratio 6:1 between the terms
proportional to co® and sirté reflects the ratio of non-spin-
flip to spin-flip amplitudes in this approximation.

(2) Charge symmetry breaking effeéirst consider the
elementaryr* p amplitude in terms of & (1232) pole. The
amplitude looks similar to a standard Breit-Wigner ampli-

from the A multiplet. Using the average resonance valuetyde

from the PDG [24] wy=1232 MeV, we get a
=1231.8 MeV, b=1.38 MeV, andc=0.13 MeV. In this

approximation, therd amplitude is the sum of the two Feyn-

man diagrams shown in Fig. 2.
The elementaryrN amplitude in terms ofd33(k) phase
looks similar to the following:

1 r,

f7’+p:_ﬂw—wl+il“l/2’ ™

wherew,; andI'; are the mass and the full width, respec-
tively, of the A*™ resonance. Making a linear expansion of
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this amplitude around the mean value of the magsind the mt P d

. e O e € E—
width I"y for the A resonance, we get o
A T, L, OT1 dwy—ioTy2 P N (a)
AL EW—WO-HI‘OIZ F_o w—wo+il'g/2)’ — O R
(8) d n wt
it n d
; - O—C———
where §I'1=1";—1I"y and éw;=w;—w,. So, using Eq(8), ~
we get that the charge asymmetry4rd scattering in this n SOt P (b)
approximation is S
05— 00— ——-
3 Cr(W—wg)2+(W—wq)Cylo d P w
1T:_ 2 2 ’ (9) Tl'+ p d
4 Tol(w—wp)2+T§/4] ———o——————
~ [}
where the parametefS,, andCr are expressed in terms of n NG b (C)
A mass and width splitting: ~
— e OL L
d P nt

CM = 6\N4+ % &N?)_% 5m2_ 6m1246 |\/|eV,
FIG. 3. Double-scattering amplitudes far' d : elastic(a) and

Cp=0T4+ L 6T3— L 6T,— 6T, =1.7 MeV. (b), and with virtual charge exchandge).
These values are taken from the Mastersoml. paper|3] fSTZd):g f33(K)2F 5( 6,k)
and are in agreement with the most recent daw. The o
leading correction in Eq9) comes from the facto€,, and — %fss(k)Z(l— %) f33(k)|zi'|zj,

later on when looking for CSV effects, we will take into

account this factor only. ) (R+RN)2) T S -
Notice that in the approximation considered above, the X f Wp(r)e [ha(r)ri-rj+ha(r) &ldr,

quantity A ., according to Eq(8), does not depend on scat-

tering angled. This is the consequence of the simplification (1)
we used. Namely, we took into account the impulse approxi-

mation with thewN scattering in the?33 wave. As was dem- where the functionfi,(r) andh,(r) are

onstrated in Ref[3], the inclusion of othelS and P waves

does not change the picture dramatically but leads to a ok ekl 3 gjeikr

smooth dependence &f, versus scattering angle (Note, hy(r)= —— + + ' (12)
the deviation from calculated constant value is much smaller r k3 K% kr?

than the experimental datad\evertheless, as was shown in

Ref. [3], the inclusion of the CSV effect in the for8) .« _—

already raises the possibility of describing the observed CSV ho(1) = e 1 e 13
on the deuteron at 143 MeV for scattering anghesg80°. 2= k2r3 k23 k2’ (13

(3) Double-scattering approximatiohe 7rd differential
cross section in the approximatidd) has a minimum at the " ) ) )
scattering angle around 90°, where the non-spin-flip ampliand the factor (1 3) in the right-hand side of Eq11) is
tude vanishes. For this reason, the contribution from thespecially introduced to clear up the relation between relative
double-scattering term may be essential in this region ofontributions of the elastic double-scattering tefitris pro-
scattering angles. There are three diagrams for the doubl@ortional to 3 and the virtual charge-exchange diagrénis

scattering process which are depicted in Fig. 3. The sum of —3)-

these amplitudes is proportional to the combination This form of the function$); (r) andh(r) corresponds to
a certain choice for the off-shell dependence ffgg ampli-
3 [faa(k) 12+ 3 [fa3(k) 12— 3 [faa(K)1?, (10)  tudes. For more details, see REZ0]. In expression(11), k

where the last term comes from the diagram with the virtuand r are the units vectork=k/k, r=r/r, andk; is the
charge exchangkFig. 3(c)]. To estimate the contribution of -component of this vector. o ,
diagrams of Fig. 3, let us use the so-called fixed-centers ap- 1he sum of the single- and double-scattering diagrams in
proximation. This method forrd scattering was first used by this approximatiohis
Brueckner[25] (see also Ref[18]). Its accuracy was later
estimated by Kolybasov and Kudryavtsghg,2Q.

The expression of the double-scattering diagrams without “we omit temporarily the spin-flip amplitudes taking into account
elementaryzN spin-orbit forces in this fixed centers ap- only the non-spin-flip amplitudes. The inclusion of spin-flip will be
proximation has the form20] done later.
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FIG. 4. Amplitudes forrd elastic scattering without spin-flip at
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d -

f 2 f33(k)2[Fp(60)cosh+ReF,(6)+i ImF,(6)].

14

The functions Fp(6)cosd, ReF,(0), and ImF,(#) are
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the final deutron$, , are spin parts of therN amplitude$;
s=sl/s is the unit vector. Let us represeldtas

U=s-5Q; 17)
and define the integral
?q &g, - ( . 5) S-S,
ij (277)3 (277)3 ‘/’d(q)‘//d 1 2 Sz—kz—io
(18)

The tensorO;; in Eq. (17) can be obtained from Eq¢16).
The integral(18) may be rewritten in the form
where x= i/,

lij :JlKi . Kj+‘]25ij y

- >

k=(k+k")/2. (19
Here the quantitied; andJ, are complex functions, which

depend ork and 6. They depend on the deutron WF as well,

shown in Fig. 4. We see from this figure that the amplitudeand are given in the Appendix.
of double-scattering is strongly suppressed at forward angles Using Egs.(17) and (18), we obtain forfSTzd) the expres-
versus single scattering. But at larger than 90° angles, thgjgn of the typefsTZd)Nth” . Let us rewrite the amplitudes

contributions of single and double scattering are comparablg(1) 5nq§
Clearly, the inclusion of the interference effects at this angu- md

lar range will be essential.

(4) Spin-flip amplitude Now, we take into account both
the non-spin-flip and spin-flip parts of the elementarid
amplitude(3). As in our previous discussion, we will take

into account the single- and double-scattering terms without "

any recoil effects(i.e., in the fixed-center approximatipn
The double-scattering term of thed-scattering amplitude is

8m(E™N)2 dq d%q, .
f@) "M N2k J__
T mEg.rqn 33( C.m) (271_)3 (271_)3 lﬂd(Q)
Xyl q A)__Y (15)
AN 22 o

2)

(2) in the form

fd=Arae T, fQ=Are T (20

1

where the tensof (") can be obtained from Eq5), and
T{»—from the relationl ;;Q;; = €;¢/ T{?). Finally, we get

T(V=2z8;+kjk—ki ki , TP =a;3,+b;; 3,
and
a;=3 (5+32)8; -2k +3k/kj—kiki, (2D
bij =425, +5k/k;—3kk;,

wherez=(ﬁ~ ﬁ’). The valuesA; andA, in Egs.(20) for the

HereN is the isotopic factor, which has been already used irtase ofr*d scattering are

Eqg. (10), for w=d-scatteringN=4/9=1/3+ 1/3— 2/9.
The denominatos®—k2—i0 comes from the pion propa-

gator, wheres= Kk, +q—qj is the virtual pion three-momenta

in the lab systemU stands for the expression which includes

the spin effects,

1

O=—e¢-0,

U=Tr{0’S,0S,},

(16)

Here O is spin operator in the S-wave part of the initial
deutron wave function, an@’ = (1/y/2)€’ - o is the same for

2(m+w) f 1f

1= omie |13t Fp(6), (22
_87T(m+w)22f . 1f ‘ 1 r/2
2" m2m+w) 3 2 32\ ke W —w—il/2

[here we use more accurate valUg\ =m+w and ETY
=2m+ o than in the simplificated version used in E§)].

In the case of ther™d elastic scattering, one should substi-
tute f,—f, andf,— f3 in expressiong22). If A-mass split-
ting is absent, then Eq§22) are reduced to

2The technique we used is discussed in more details in our recent
paper{26].
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A(O)——z(m+w)4f Fpo(6 23 ——ﬁ————O————ﬂ——
= 3foFo(0), (23 5
2
aoSmimte)d 1 T2 ) |
2 m2m+w) 9 % % ke, wo—w—iT/2
After averaging over initial and summation over final po- p P
larization of deuteron, we can write the final result for the
cross sectiorr(9)=do/d() as the sum of three terms: d n 4
0(0)=011(0) + 01 0) + 025 6), (24 FIG. 5. Feynman diagrams for the Coulomip and 7d ampli-

I . tudes.
whereo;, and o, are the contributions from the single and

double scattering, respectively, ang, is the single-double ¢ jnteraction of a pion with a proton vig exchange, is
mterfgrence term. The expressions for these cross sectioRBawn in Fig. 5. In terms of bispinors, the expression for this
are given below: diagram is

o11(0)= 5 |APT* TD=5|A)2(1+52%), (25 e 4We2_(k -
= u + ug.
p 2\ 2)uY U1

a1 0)= SREAT AT TP
Neglecting the magnetic interaction and adding the Coulomb

= SRAT A, [(4+11z+97%)J; +(8+202%) J,]], phase, we finally get for the Coulomb amplitude
(26 (7)
N = Mm
o0)=3 |A2|2Ti(j )*Ti(j ) 8m(Mm+w)
=1 |ALA L (75+90z+277%)|34|? B e’ wm

T 2Kk2_sirg(612) (M+w)
+(16+ 252+ 152%) (3,35 + 3% J,) emSIM(0/2)

in2
+(34+3422)|3,)2]. (27) Xexr{ - i::em (r:)me)ln( Sing) } (29

Taking into account that the leading CSV correction comes s 4 )

from the mass splitting and this splitting is small, it would be Wheree“= 1z7. Below we use the amplitude” (29) convo-
useful to represent the formula for the cross section in duted with the proton density of deuteron as a crude approxi-
linearized in dm, form. In this limit, the expression for Mmation to the Coulomb pion-deuteron scattering amplitude
asymmetry has the form ) We took into account the square of this amplitude as
well as its interference with single- and double-scattering

Cwm 1 © © terms. Technically, it is more suitable to introduce in addi-
Ar=——5=13(BotBg)|5017(0) +0%7(0) tion to the valuesA; andA, the new onéAc:
2501 2
1 2(m+w) y 1
+2 RE{A’{AZ Bo+ 5B5 |[(4+112+92%)J, <= omre | 1T 7T 312 |Fo(). (30
5 In terms of thesé\;, A,, andA., the cross sections;
+(8+202%)J,] |, (28 and oy, now have the form
and correspondingly ratio=1+2 A, . HereBy=I"o/2/(w, o11(0)= 3[6Z%|Ac|?+(1—22)|A,]?], (31
—w—iT'g/2); the valuesr®, o), andolY) are defined by
Egs. (24), (25), and (27), respectively, after substitutions ool )= 2 Rel AXAT (1124 1322) I + 2872]
A—AP andA,— A from Egs.(23). 120)= 5 RAAAL M 2]
Hence all the CSV corrections depend on the same linear +ATA[(4—42%)3,+(8—82%)J,]), (32

combination of masses, as in the single-scattering term, i.e.,

on the paramete€),,=4.6 MeV. Note that the inclusion of and the expression far,, is given by expressiof27).

the double-scattering introduces no new parameters, i.e., the Note, that a fairly thorough study of the Coulomb effects

effect is still primarily dominated by, . on pion-deuteron scattering and CSV effects were performed
(5) Coulomb interactionNow, we consider the fact that in Ref.[27], see also Ref$3,4]. As we are mainly interested

the charged pions interact with the deuteron by the Coulomin looking for CSV effects, which come from the double-

force. The elementaryrN amplitude, which corresponds to scattering term andA-isobars mass splitting, we limit
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FIG. 7. 85° energy dependence of asymmétryfor 7d elastic
(c) 220 MeV (d) % scattering with the Coulomb interaction taken into account. Nota-
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Our calculations indicate some enhancemeni ofin the

FIG. 6. Asymmetry formd elastic scattering with the Coulomb region of angles around 90°. For example, &t

interaction taken into accour(a) 143 MeV, (b) 180 MeV, (c) 220 —180 M : .
; = eV (in a range of maximum effect of the delta reso-
MeV, and(d) 256 MeV. Experimental data are from Ref&~-4, ( 9

[6—9]. Notation is the same as in Fig. 1. Solid curves give the totalgg?cti tg eorf5lsat8\élgoe [nv<\:/ee fg;r;[h: g;%\;v?oﬂ’é f(re?ma%c(z):rrz'nezﬁt at

amplitude. Singlgand doublg scattering without Coulomb correc- o ’ . xp

tions is shown by dashediash-dotteficurves. 85° due to the. behaVIor of p(6)cosb, RE‘TFZ( 9), and
ImF,(6) shown in Fig. 4} Clearly, the magnitude oA is

ourselves to the Coulomb amplitude in crude approximationé10t large. However, itis consistent with the magnitude of the

; experimental data and their uncertainties. Of some concern is
(29). _Note alsq, that another source of (.:SV e_ffectg infue . _the apparent discrepancy between the sign of the calculated
elastlc.scattermg may come.from the d|r_ect 1SOSpIN bregkm% and that of the data. The source of this discrepancy is not
effect in the strongzN amplitudes, see in this connection ygt known and continués to be investigated. Perhaps a more
Ref.[28]. We do not consider the influence of this possible ) : . ; o
interaction on the value ok in this paper P revealing picturgFig. 7) is the one showing the energy be-

m IS paper. . havior of A at 85°. Again, the calculated . indicates a
The curves for asymmetr . with the Coulomb interac-

tion taken into account are given in Figs. 6. If we considerChalnge of sign, this time as a function of energy, but the data

Z S i . . error bars are far too large to allow any conclusive state-
Eehx?o:resgijﬁzgg)ng%rzgé? O_ﬁ: fd’ ;/visfhoﬂg dS;JytE}tlthts "N ments. We conclude that to confirm these predictions for the
C Ty, To—=Ts, -1

. . . asymmetry on the deuteron, one needs to have data that are
From Fig. 6, we see that single scattering does not depend y Y

(o] . . . ..
the scattering angle but a change of sign of the asymmetrébgirlg)slr:ately 2-3 times better in precision than currently

g?:sssicc))%cug;i\t/):rgvﬁ/egég)o and 220 MeV according to the ex- The results of our study indicate that the contribution_of_
' ' the double scattering as a source of charge asymmetry within

the A mass and width splitting has the same order of mag-
IV. CONCLUSION AND FUTURE PROSPECTS nitude as the experimental data. This means that double scat-

. tering is an important element of CSV, and should not be
In this paper, we calcu_lqte _the charge_ asymme_@ry, ignored. Moreover, because the number of multiple scatter-
(due toA-isobar mass splittingin the elastic scattering of i jiagrams increases with increasing number of nucleons,

the md system. We explicitly combine the contributions of j; 5 our contention that pion multiple-scattering effects

single and double scattering to form the scattering amplitudegp, o 1d be quite important in the study of CSV in the inter-

In each rescattering, the resonance interaction in the pionseiion of pions with nuclei heavier than the deuteron, in par-
nucleonP45; wave is taken into account. The analytic expres- icular. 3He. 3H. and “He.
sion for double scattering was obtained in the framework o ’ "that

spin and isospin variables. In addition, the Coulomb interacs,, important role in CSV for the deuteron and other light

tion between the charged pion and the proton of the deuteroy cjej  but these are not discussed here. In the case of
has been taken into account. The scattering amplitude is CabHeF’H one clear example would be the difference in the
culated within a fixed-centers approximation, i.e., the Fermisga and®H wave functions. The interested reader is directed

motion of the nucleons is not included. Likewise, the inter-to Ref.[23], where this case is discussed in detail. In fact, a

ference of nonresonant amplitudes in single and double sca{y,yjete classification of possible CSV sources is given in
tering are not taken into account. This follows from the work Ref. [29]

of Mastersonet al. [3], where it was shown tha&wave
single scattering has only a small effect Ag when com-

We note that there are other mechanisms that might play
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f Eceax _E Cl(n 1)|[Sn—1 Ina]

(A4)

APPENDIX (A5)

Here we give the expressions for the integralsand J,: whereS,= =0, 1k andS,=0. The formula(27) is derived
=1 .

1 for the casen;=1 and is valid if this integral convergése.,
Jl:ZJ dr r2y?(r)[(3E,— Eg)hy(r)], Rea;<0 and the under integral function is finite xat-0).
These conditions are satisfied for the integ@8), and we
finally get
1 2.2
~5 | dr OB )+ 2Egh (1)) oy
(A1) 2 CiC;j am il : J
(nm_ 1)-
Here E,=/[11e'“"?z2"dz, k=kcos@?2)=k(1+2)/2 and S by,
functionshy(r) and h,(r) are given in the main text, see X| Sy —1— InV(ai+ay) "+ b +i atana‘+a.
Egs.(12) and(13). iTaj
Let us calculate the integral,. For this purpose, it is (AB6)
suitable to use the following representation for under integral
function: To obtain the expression fak,, one may use the analogous
representation
16 glbm’ 14 .
3E,—Eg)hy(r)= 2>, a : A2 e'fm’
(3E2=Eo)ha(r) mE:l ™ N (A2) (EO—EZ)hl(r)+2EOh2(r)=le an (A7)
Heren,=2, 3,4,5,6,4,5,and 6 fan=1, 2, 3,4, 5, 6, 7,
Heren,,=3, 4,5, 6, 4, 5, and 6 fom=1, 2, 3, 4, 5, 6,
and 8, respectivelyin =g for 9=m<16, and and 7, respectivelyn,=n,_; for 8<m=14 and
— _2il 1,1
3y =20k a;=—2k " Y(1+x71),
— -2y—1 -1
=6k X (LX), a,=—2ik 3 Y(1+3x 1+x7?),
a3=6ik‘3x‘1(l+3x‘1+x‘2), a3=6k‘4x‘2(1+x‘1),
a,=—18 " 3(1+x7Y), a,=6ik °x 3,
a5=—18ik_5x_3, =2ik_3X_l,
ag=—6ik 3x71, ag=—6k *x"2,
a;=18 “4x2, =—6ik 53,
ag=18k °x 3, b,=b,=bs=b,=(1+x)k,
b1:b2:b3:b4:b5:(1+x)k, b5:b6:b7:Xk, (A8)
bg=b,=bg=xk, (A3)  wherex=cos@?2). These equationfAl) after the replace-

mentx— —x define the values,, andb,, for 8=m=14 as
wherex=cos(@@?2). These equation&8) after the replace- a,=a,_7 andb,=b,,_-. Thus, for the integrall, we get
mentx— —x define the values,,, andb,, for 9=<m=<16 as the similar equation$28) in which the values,,, a,,, and
an=am_g andb,=b,_g. b,, are defined by Eqg29) and (30).
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