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Using modularized N&T1) detectors, we carried out a high statistics measurement of inclysisg, 7°,
and 7 spectra, and determined the branching ratios or upper limits of Pontecorvo reagtiens®n,
wOA°, »n, and »A° from the corresponding monochromatic peaks in them. The obtained branching ratios are
B(pd— 7%n)=(1.03+0.41)x 10 3, B(pd— m°A% =(4.67+1.66)x 10 °, B(pd— 7Nn)<8.94x 10 ® (95%
C.L), andB(pd— 7A%)<6.49<107° (95% C.L). [S0556-282(97)04305-1

PACS numbds): 13.75.Cs, 25.16:s

I. INTRODUCTION scarce except for the reactigmd— 7~ p, which has also

been studied theoretical8—15. The experimental values

At least two mesons are produced in the annihilation of aneported for the branching rat®(pd— = p) are in the or-

antiproton with a single nucleon into hadrons. In the annihi-der of 10°%; (0.90.4x10 %n a bubble chamber experi-
lation of an antiproton with deuterium, however, reactionsment[4], (2.8+0.3)x 10 ° in PS183 experimeriat LEAR)
associated with only one meson in the final state are possiblgg], (1.4+0.7)x 10 ° in the ASTERIX experimenf6] and

Pontecorvg 1] studied the possibility of such unusual pro- (1.2+0.14)x 1075 in OBELIX experiment[7]. A prelimi-
cesses which are allowed only on bound nucleons. The SQrary result[8] of B(pd— 7 p)=(1.46=0.13)x10"° has

called Pontecorvo reactions mentioned above have mostlyeen deduced from the Crystal Barrel experiment on

been treated theoretically in two-step proces$ég. 1), for  pd— 7#°n assuming the isospin invariance. The result of cal-
examplepd— 7MN’— 7N with M a meson in the interme- cylations in two-step models strongly depef@s11] on the
diate state such as, p, etc., andN(N') a nucleon. The choice of deuterium wave functior$iulthen, Paris, Bonn,
primary interest in the Pontecorvo reactions is whether thewtc) as well as on the meson-nucleon form factarsno-
can be explained in two-step processes. If the explanation byole or dipole type, cutoff parametet?). Typical values
two-step processes fails or is insufficient, the question igptained forB(pd— = p) are 2.7 107° [9], 3.8x10°°
whether the Pontecorvo reactions are dominated by two-stq 0], and 8.5< 10 ° [11]. Since calculations based upon the
processes or by some oth@nore interestingprocesses due two-step approaches usually give smaller val{&g] than

to the formation of the quark-gluon plasrf@)], etc. In case  the experimental ones, alternative approadi#shave also
the two step processes can explain the experimental resuieen elaborated, including a statistical model of evaporation
one can still probe the deuterium wave function. The branchof 3 fireball[13], a Reggeon diagram technig®4], a rela-

ing ratios of Pontecorvo reactions should be sensitive to th@yistic two-step mode[15], etc. Interest in other channels
deuterium wave function at small internucleon distances, i.eghanpd— = p is discussed if3,14]. A preliminary result

the high momentum components, where non-nucleonic de-
grees of freedom may play an important role. They should

also be sensitive to the behavior of the meson-nucleon form p - - TT91T7)
factors, as the momentum transfer at &N’ vertex is W
large. A short review on the Pontecorvo reactions can be N M°(MY)
seen in Ref[3]. L — AN
Experimental dat§4—7] on the Pontecorvo reactions are n = n(p)
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on some other channelpd— 7n, wn, »'n) have also been The saturation of each module, typically 5% at 650 MeV,
reported in[8]. was taken into account using data of the excitation curve
We have carried out an experiment pp[16—18 and  obtained for an electron bed6] at 200, 400, 650, and 900
pd [19] annihilations at rest with the main aims of searchingMeV. Overall energy scale was determined to within 2%
for baryonia below theNN threshold and measuring the Using 129 MeVy rays produced inm~ p—«°n and 750
branching ratios opp and pn annihilations into different MeV 7° mesons inpp— %% 7%w. With the above cali-
two meson channels. In the above experiment with a deutédration, thew® peak due topd— %7~ ps was clearly ob-
rium target, we have carried out a high statistics measureserved near the right position of 938 Me)20]. For the
ment of indusivery.ray, 77-0, andn meson spectra. The reac- present measurement of Pontecorvo reactions, the maximum
tions pd— 7°n and »n should show up as a monochromatic €nergies of interegt 253 MeV for=° and 1304 MeV fory)
peak in thew® spectra at an energy @&(7°)=1253 MeV  are substantially higher than 938 MeV. However, the energy
and in thez spectra aE(7)=1304 MeV, respectively. The deposited in a single Nal module is mostly well below half
reactionspd— m°A%(1232)andyA°, which are expected at Of the 7° or 7 energies due to the minimum opening angles
E(#° =1141 MeV andE(7)=1191 MeV, respectively, can ©f two y rays (discussed latgrand the configuration of the
also be assessed in the present experiment. Since sorfi@lorimeter16]. Consequently, the maximum energy depos-
amount of h|gh energyTO were registered as Singlﬂ rays ited in a Single module is less than 700 MeV, i.e., well within
due to the limited modularity of the-ray detectors, the re- the range where the gain calibration as well as the correction
actionspd— 7°n and 7°A° should show up as monochro- for the saturation effect is precise for each Nal module. The
matic peaks also in the inclusiveray spectra. We therefore accuracy of the energy scale within2% is expected to be
estimated the yield.e., branching ratigsor the upper lim- valid at least up to them® energy of 1253 MeV for
its of pd— 7°n and 7°A° from the inclusiver® and y-ray ~ Pd— m°n (1304 MeV forpd— »n) since the energy regis-
spectra, and opd— »n and »A° from the inclusiven spec-  tered in each module is mostly much less than 938 MeV.
tra. It is the aim of the present paper to describe the result of
the above-mentioned measurement. A. pd— m°n and w°A%(1232 from =° spectra
In the data analysis, we first removed those events which
Il. EXPERIMENT AND DATA REDUCTION have hardware errors in readout or ambiguous tracks of the

The experimental setup was described16,19. A sec- incoming slow antiproton. The vertex was then determined

ondaryp beam at 580 Me\d/ from the KEK 12 GeV proton usin.g the tracks of the antiproton and the outgoing charged
synchrotron(PS was made to stop inside a liquid, Darget particles. For aII-neutraI_ events, thg vertex was determined
of 14 cm(in diametef X 23 cm(length. The emittedy rays from the track of t_he antiproton ar_1d its range estimated from
were measured with a modularized K&) calorimeter as- the energy loss in the 3-mm thick Si solid state detector

sembled into a half barrel covering an effective acceptanct>SD [21], which was mounted just downstream of the
of 22% of 4 sr. Charged particles were tracked with cylin- P&a@m degrader. Requiring thaj the vertex should not be

drical as well as flat multiwire proportional chambers located outside the target cell by more than 2 cm radially and
(MWPC's) covering 93% of 4 sr. 1.5 cm longitudinally andii) the rms distance from the ver-
We obtained 1.92 10’ event in total under the triggering €X 10 the charged tracks should be less than 3 cm, we ob-
condition of (i) “stopping antiproton’= a slow antiproton (@iN€dN,=6.93<10" events with two ore more rays hit-
being incident on the liquid P cell and (ii) “clustering  ting the Nal detector. Theyy invariant massM(yy) was
logic” = one or twoy rays falling on the Nal. calculated[17] for any combinations of they rays. The
The instrumental energy resolution form®— yy M(yy) spectra for 60% of the total statistics are given in
(7— vv) should be better than th&L6] of single y rays Figs. 4a) and 2b) for two cases of the energy sum of two
having the same energy a(7), since the energy resolu- rays larger than 825 and 1(5)35 MeV, respectively. For the
tion AE/E of eachvy ray is approximately proportional to forme_r casgFig. 2a)], bmh” andnpeak§ are cIearI_y seen,
E~°25 for the present detector. The energy resolution deShowing that the calcul_atlon of the invariant mass, including
pends on the energy partition intorays, but is better by a the energy calibration, is good even for pairsyaflys whose

factor of 0.89 in average. For the Pontecorvo reactions off €79y Sum is large. For the latter c4beg. 2(b)], however,
deuterium, it is not necessary to take into account the Dopl'© cléar peaks are seen; the absence can be explained by the

pler smearind19] of y-ray energies, which has to be taken fact that the energy threshold of 1035 MeV is above the

I i : . X . . . . O . . . .
into account for reactions on single nucleons in deuterluml.(Inernatlcal limit of 7~ or » energy in usual annihilation

s e 0, y . . .
Consequently, the full width at half-maximuFWHM) en-  Processes obp or pn. Thex™s and7's in this high-energy
ergy resolution of ther®(7) energyE was taken as region are mostly fake; they must be due to accidental com-
bination of twoy rays coming from differentz®’s. We se-

) lected #%s by applying an invariant mass cut of 31
AE/E=0.055(E (in GeV)]'* (D Mev/c?, which corresponds to aboutt1.8s if o
~17.6 MeV/c?is taken from the energy range above 825
by multiplying the energy resolution 0.062/ MeV [see Fig. 2a)]. The above value of is larger than 14
[E (in GeV)]¥*[16] for y rays with the above mentioned MeV/c? [20] which was obtained for ah®’s with any en-
factor (0.89. The instrumental energy resolution for ergies; most of7%s have much lower energies than 825
7m°—2y—1y (mistaken was also taken to be the same asMeV. The degradation of the invariant mass resolution for
above. high energyr®’s is qualitatively explicable in terms of small
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FIG. 2. Theyy invariant mass spectra for twp rays with the
total energy larger that@) 825 MeV and(b) 1035 MeV. Only 60%
of the total statistics is included in the figure.

o

(yy) opening angles at high energies. The obtaim8dpec- , HM}H L

tra above 1000 MeV are presented in Fig. 3 separately for the 1200 1400 1600

charge multiplicity of 0, 1, and 2. The® spectra below 1000 TI° ENERGY (MeV)

MeV will be glven elsewherd20]. The peaks due to the

reactiongpd— 7°n and w°A° are expected to appear at 1253  FIG. 3. Inclusiven® spectra frompd annihilation at rest. The

and 1141 MeV with a widthin FWHM) =65.1 MeV [from 0-pronged spectrum is given in the fractional binn{sge the texjt

Eg. (1)] and'=61.6 MeV (see below, respectively. The A solid curve gives the fifsee Table | for the fit and the text for

minimum opening angle of twoy rays from 7° is 12.4°  x*/Npg). The horizontal arrows at the°n and 7°A° positions

(13.69 at 1253 MeV(1141 Me\). show the instrumental widthésee the tejtof +32.6 MeV in

The Breit-Wigner width for the final states involving® ~ +FWHM/2 and+30.8 MeV in +I7/2, respectively.

(1232 was determined in the following way; if one ignores

the instrumental resolution, the® energy spectrum for the (25 MeVic?) obtained with all's included. This tendency is

reactionpd— 7"A™ has a Breit-Wigner shape of contrary to the case ofr”s. When the energy increases,

2 2 there must be two effects on they invariant mass resolu-

UE=Eo)™+(T'of2)7], @ tion; one is an improving effect due to an improvement of

where E, is the center energy(1141 Me\) and T, eachy-ray energy re.solution,.and the other a degrading ef-

_F(AO)M(AO)/(M —+My)=50.4 MeV with T (A9, fect due tp decreasing opening anglles of twways. T'he

M(A®), Mz and Md the full width (115 MeV) of observed improvement is explicable in terms of dominance
of the former effect. The degrading effect will be small since

respectively. The instrumental resolution of energy was the ope_ning anlgle Ir? a;]lvya{%omu.cr? Irz]arger than ;cjhe rgtigimum
then taken into account by numerically folding the abovesipar%t'on agg e whic Isb ngo(t) e present dete{dtbt g
Breit-Wigner shape with it. The folded shape was approxi- The obtainedr spectra above 1 MeV are presented in
mated again by another Breit-Wigner shape similar to(2g. Fig. 4 separately for the charge multiplicity of O, 1, and 2.

: Most of #'s have energies below 1000 MeV; thgspectra
with I'o replaced byl". The " was found to be 61.6 MeV. below 1000 MeV will be given elsewhelf@0]. The peaks

— due to the reactionsd— »n and »A° are expected to appear
B. pd—7n and yA® (1232 from 5 spectra a1 1304 and 1191 MeV with a Gaussian wil?am FWHM)pgf
The constraints on the vertex reconstruction were thé7.1 MeV [from Eq.(1)] andI" of 61.6 MeV, respectively.
same as for ther® spectra.z’s were selected with an invari- TheT for pd— 5A° is almost the same in magnitude as for
ant mass cut of-57 MeV/c? which corresponds to about pd— m°A%see Sec. Il A The minimum opening angle of
+2.50 with 0=23 MeV/c? [see Fig. 2a)]. The above value two vy rays from 7 is 49.8° (54.99 at 1304 MeV (1191
of o for high energyz's (=825 MeV) is smaller than that MeV).

O

A°(1232, mass ofA°, masses ofanti)proton and deuterium,
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horizontal arrows at they n and 7A° positions show the instrumen- (- pronged spectrum is given in the fractional binnisge the texjt

tal widths (see the textof +33.6 MeV in =FWHM/2 and +30.8

MeV in £I'/2, respectively.

C. pd—#°n and #°A° (1232 from y-ray spectra

A solid curve gives the fifsee Table | for the fit and the text for
x?/Npg). The horizontal arrows at the’n and w°A° positions
show the instrumental widthésee the text of =32.6 MeV in
*FWHM/2 and=30.8 Mev inxI'/2, respectively.

~ The same constraints as for thé spectra were adopted whereA is the areatotal number of evenjsof the mono-

in the vertex reconstruction. The statistics of the incidenichromatic#® or 7 peak(above the backgroundiue to the
antlprotons for they-ray spectra was about 6% higher than assumed reactio;-the number of stopped antiprotons and
for the #° and # spectra, due to an accidental loss of someg the overall detectlon efficiency.

data tapes for the latter. We obtainkig=7.32x 10° events

We estimatedN-in two different wayg17,20 (i) divid-

and Ny=6.70x10° y rays above 10 MeV. The obtained ing the total 7° (or y-ray) intensity by the detection effi-

inclusive y-ray spectra below 1000 MeV are given [ih9]

ciency and(ii) dividing the number of events after vertex

separately for each charge multiplicity as well as for theirreconstruction( N,) by the efficiency of the cluster logics
sum. For the Pontecorvo reactions, however, the relevant efone or twovy rays falling on the Nal The efficiencies were
ergy is much higher. The-ray spectra above 1000 MeV are gptained by a Monte Carlo calculation. Both methods gave
given in Fig. 5 separately for the charge multiplicity of 0, 1, consistentlyN;=1.25<10" and 1.3 10’ antlprotons for
and 2. The expected positions and the widths of the monome final states with the charge multipliciyy,,= 1 for 7° (or

chromatic peaks should be the same as in #tlespectra

described in Sec. Il A.

lll. RESULTS

o ratio B(pd—MN) of the
pd—MNwith M=7° or » and N=n or A? satisfies the

The branching

following relation:

B(pd—MN)=A,

reaction

7)) and y rays, respectively, within an ambiguity of 5%. The
Np-for Nop,=0 was taken to be larger than the above by 31%
due to the looser vertex cut, as already described in Sec. Il A.
The efficiencye is given as a product of the following
four factors:
(i) eg=geometrical acceptance for the detectionSf(or
n)—7yy. Loss ofy rays due toy—e* e~ conversion6% per
v ray) in target and vacuum chamber walls is taken into
account. It was obtained by a Monte Carlo calculation and is

(3) givenin Fig. 6.
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(ii) e,=efficiency of invariant mass cut far® (7)=0.93
(0.98 for the cut at+1.80 (*+2.50).
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(iv) ep =branching ratiosB(A°—one- or two-pronged
statg=0.41, B(A°—0-pronged  state-0.59  and
B(7»— y7y)=0.39. The former two values are obtained by
correcting the branching ratiosB(A°— 7~ p)=0.33,
B(A%— 7°n)=0.67 fory—e*e™ conversion(6% pery ray)
before entering the Nal calorimeter. Registration of
A°— 7~ p into 0-pronged spectra due to an inefficiency of
charged particle trackin(y% per chargeis negligibly small.

The values ot are listed in Table I. Its overall ambiguity
is about 10% of.

To obtain the ared, the ° of 7 spectrum was fitted with
a narrow Gaussian shaper a Breit-Wigner shape for the
case of recoilA instead of neutroncentered at about the
expected energy superimposed to a backgroundaof
+b expCE), wherea, b, andc are constants anH is the
energy. Fory rays, the constant termaj in the background
was changed to a linear function of energy to get a good fit.

The scattering from bin to bin in the spectra is not small
due to the low statistics. The scattering is not a serious prob-
lem to obtain the upper limits of the yields. For the
0-pronged spectra af® andy rays, however, we determined
finite yields by fitting. To improve the stability of the fit for
different choice of the bin width, fitting region and function,
etc., we adopted the fractional binning. For any event with an
energyE between two bin center§, and E, . 1, the event
was registered to both bins by an amouBf (,—E)/é and
(E—E)/ 8, respectively, wheré denotes the bin width. The

(i) £,,=0.90 due to the decrease in the detection effi-0-pronged=° and y-ray spectra are given in Figs. 3 and 5,
ciency caused by the existence of additional charged parespectively, in the fractional binning. From comparison be-

ticles (for A°— 7 p) or 7%— yy (for A°— #°n) overlap-
ping the monochromatier® or 7. It was estimated by a
Monte Carlo calculation for the final states involving.

tween the fractional and ordinary binnings for a simplest
example of uniform random distribution of events in a cer-
tain energy range, we can see that fffeof the fit in the

TABLE I. Obtained result on Pontecorvo reactions. Atda gives the number of events in the peak obtained by fitting.d~tthe rms
error of A), see the text. When fitting does not give any clear peldkgsee the tejtis given instead oA. The last column gives the fitted

energy and the width of the® or 7 peak in MeV.

Reaction(N¢p) Stoppedp Efficency (¢) Area (A)xo(A) Branching ratio Energy
pd—MN Ny (eg+€1:€0p 1€br) 0or Npg B(pd— MN) (width)
pd—7°n ( Ng,=0) 1.64x 10 (0.076,0.93,...,). 10.1+5.4 (8.71-4.66)x10°° 1269.3+9.8
(7°—2y) (0=18.9t5.9
" "(Ngp="0) 1.73x 10 (0.088,...,...,. ). 23.6+13.0 (1.55-0.86)x 10" ° 1221.8+6.7
(7°—2y— 1y mistaken (0=19.5-7.4
pd— 7°A° ( N,,=0) 1.64x10"  (0.088,0.93,0.9,0.59 33.3+11.8 (4.67:1.66)x107° 1141.5-9.5
(7m°—27y, A% 7%) (/2=21.6-6.2
" "(Nep=1,2) 1.25<10"  (0.088,0.93,0.9,0.41 Npg=9 <7.37x10°°

(m°—2y, A%~z p) (95% C.L)

" "(Ngh=0) 1.73x10°  (0.072,...,0.9,0.59 32.3+18.2 <9.39x107° 1132.6+24.2
(7%= 2y— 1y mistaken,A%— 7°n) (95% C.L) [T/2=30.8 (fix)]
" "(Neh=1,2) 1.3% 10"  (0.072,...,0.9,0.41 Npg=19 <1.49x10°4

(7m°—2y—1y mistakenA’— 7" p) (95% C.L)

pd— zn (N;,=0) 1.64<10°  (0.062,0.98,...,0.39 Npg=1 <8.94x10°8

(7—2y) (95% C.L)

pd— 7A° (N;,=0) 1.64x10" (0.054,0.98,0.9,0.230 Npg=3 <6.49<10°°

(7—27y, A°—7n) (95% C.L)

" "(Nep=1,2) 1.25¢10°  (0.054,0.98,0.9,0.160 Npg=4 <1.53x1074

(p—27y, A= p) (95% C.L)
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fractional binning is5 times that in the ordinary binning. The F— kK R
center values and the standard deviations of the fitting vari-
ables are essentially unchanged when the statistics is large. \;Q'(N°)
We used the above conversion for the present analysis while n{p) q .
the statistics was not large enough. o— "
We searched for narrow monochromatic peaks with a p(n) fF(q2) A
width between 0.7 and 1.0 times the instrumental @mehe
Breit-Wigner width corrected for the instrumental wigitih FIG. 7. Kinematical quantities used in the discussions of

peak with the statistical significance as large as or larger thafd— #°n and 7°A°.

20 was obtained forr°n and #°A° in the 0-prongeds®

spectrum(Fig. 3) and y-ray spectrum(Fig. 5. The solid  narrow compared with the prediction. Consequently, only the
curves give the obtained fit. For the 0-pronged spectrum ofipper limit was derivedsee Table )l The upper limits for

7 (y rays, x*/Npg (degree of freedoinwas % (&) when  B(pd— 7°A°) derived from they-ray spectra are consistent
converted into ordinary binning according to the discussionwith the finite value obtained from the 0-pronged spec-
given in the previous paragraph. The peak akeabtained  trum. For B(pd— »n) and B(pd— 7A?%), only the upper

by the fit is given in Table | together with its rms error |imits were derived from the; spectra.

a(A). Theo(A) was taken to be the larger one of the fitting

error given by the minimization routineiNuIT [22] or the IV. SUMMARY AND DISCUSSIONS

rms fluctuation of the background events. The latter can be o . _
written as(Npg) % k, whereNy is the total number of events ~ Summarizing the above we obtained the following
lying within the FWHM of the Gaussian pedkr I" for the ~ branching ratios or upper limits:

Breit-Wigner peak The x=0.76(0.5) is the area factor, i.e., — Oun 5

the fraction of the GaussiaBreit-Wignep peak lying within B(pd—7"n)=(1.03£0.4)x10"",
the FWHM (I'). N, was calculated assuming the instrumen- — _
tal FWHM or I'. We adopted the above definition ofA) B(pd—m°A%)=(4.67-1.66x 10", ©
since theviNuIT error varied sizably depending on the fittin — _

conditon due to the low )s/tatigtics. gBoth errorg, B(pd—7n)<8.94<10°° (95% C.L),

(Npy Y%« and theMINUIT error, however, were roughly
similar in magnitude to each other.

For the other final states, no narrow peaks were obtainega optained yield for the first reactigri— 7°n should be
vyith the stati;tical significance_above.ZSo, only the_ UPPer  compared with the half &(pd— 7~ p) mentioned in Sec. I.
limit was estimated. If the copious background exists in therpe present result is consistent with all the four regidts7]
peak area, the upper limit of the peak area can be given agq aiso the preliminary one given[i8]. The obtained upper

112 0 limit on B(pd— »n) is consistent with the preliminary result

A<1.64Nyy) i (95% C.L). @ o B(pd— n) = (2.91=0.44)x 10~ obtained at LEAR by
However, for all the final states under consideration, the inAmsleret al.[8]. To the authors’ knowledge, neither experi-
tensity in the peak is so small and the tail of the backgroundnental results nor predictions are found in publications on
spectrum already falls to a level low enough at a little lowerthe other two reactionpd— 7°A° and 7A°.
energy than the peak positiésee Figs. 3—5 So, we cannot We will discuss below the 7°A%x°n ratio
exclude the possibility that the intensity in the peak is not=B(pd— m°A°%)/B(pd— 7°n) under the assumption of two
dominated by background but by true events. Consequenthgtep processes. If the experimental value cannot be ex-

B(pd— 7A%<6.49x10°° (95% C.L).

we took for safety, instead of E¢4), plained, it may suggest existence of more interesting pro-
cesses related to, for instance, quark-gluon plasma. We con-
A<[Npg+1.64Np))/k (95% C.L), (5)  sider the differences in the available phase space, the isospin
] . ) coefficients and the vertex factor, by assuming the magnitude
and give theN,q in Table | instead ofA. of the dynamical part the same. The phase space is propor-

The branching ratios or the upper limit85% C.L) cal-  tjonal[23] to the final state momentumin the c.m. system
culated acgrdlngoto Ed3) are given in Lable . Branching (¢.m.s). Its contribution to the above ratio is given by 1132.5
ratlog; 0B(pd—w-r n):(8.7%t54.66)>< 100° and B(pd  (MeV/c)/1246.0(MeV/c)=0.9089. The contribution of the
—m A7)=(4.67+1.66)<10"> were derived from the jsospin part to the above ratio is unity, since the amount of
0-prongedm® spectrum. The upper limit of the latter quantity | = 1/2 (initial state is the same for both final states. Refer-
sistent with the obtained finite value. The O-prongeday  _m 2)/(A2—?) ] at the NN vertex in pd—a°n and
spectrum includes a larger background thantHepectrum. £2 AJ(A*2=m_2)/(A*2—g?)]?" at the mNA vertex in
A peak is seen fopd— 7°n with the statistical significance p—GN_> mOA0 regpectively. The coupling constarftsyy and
as large as @ By combining both results from the® and £ were ,taken a§24] NN
the yray spectra, we obtainedB(pd— 7°n)=(1.03 NA
+0.41)x107°. Although there is a small peak in the fan2l4m=0.08 andferA/47-r:0_37. (7
0-prongedy-ray spectrum corresponding pd— 7°A°, the
statistical significance is less tham 2nd the fit significantly We follow the conventional choice of monopole form factor
depended on the fitting conditions. The width is visibly too(n=1) with the cutoff parameterd and A* ~1 GeV/c ac-
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cording to[24]. The four momentum squaregf of the pion  —#°A%/B(pd—7°n). The above number can roughly ex-
(see Fig. 7is not unique in general. In the two step model, plain the obtained ratio 0f4.67+1.66/(1.03+-0.41)=4.53
however, the initial-state nucleon at the vertex can be ap-+2.42 in the present experiment.

proximately taken as on-mass and at rest, giragy=0 in

Fig. 7. Then we have

g?=my2+my®—2myE,=—1.1674 GeV¥ for #°n, ACKNOWLEDGMENTS
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