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3axpar OTpPHUATENBHBIX NHOHOB aapamM# B obiaactH 2 = 50

BrimofHe bl SKCHEPHMEHTHl 10 HAYYEHHK MEXAHM3MA 33XBATa OTPHLA~
TeAbLHLIX NHOHOB sapamMH cpeakel obmacte macc (Z =50, A= 100).

yCTﬂHOBHeHO. YTO MHEBOXECTBRE HHOCTR BEIJICSTAUIRX HYH/IOHCB B peakiu#
(r~, xn) Tak xe, K4K « O TsxensX soep (Z =82, A=~200), nocTHraer
14-15 epuuriu. OgHako, B OTAHYME OT THXKEABIX SOSD, HHCHAO HCHYWEHHBIX
OPOTOHOB YBe/HYHBAOTCR KM OocTHraeT 4 enHHEN,

lMokaaaHo TakxXe, 4TO [NA HcchAeayemol ofaacTd saep ¢ Golbwo#
BEPOATHOCTBIO BOAGYXIAITCS BLICOKOCHHHOBLIE COCTOSHHS, NpixemM addexT
HaGmoaeTcs He3aBHCHMO OT 3apsfoBOrQ COCTABA BLIIeTAUIHX YacTHL,

FPaGora BrinonieHa B flaGopaTopku sizepHsXx npoSaem OHHH.

Ilpenpunt O6LeMHERHOr 0 UHCTHTYTA ANEPHBIX HCCASIOBAHMMK
Aybna 1976

Butsev V.S5. et al. E15 - 106210

Negative Pion Capture by Medium Nuclei in the
Z =50 Region

The experiments have been performed to investigate
negative plon absorption at rest in medium nuclei
(Z =50,A=100).

The multiplieity for emerging nucleons has been shown
to reach 1k-15 similar to heevy nuclei. However, in the
case of medium nuclei proton multiplicity appears to
be much larger. The excitation ¢f high-spin states in
residual nuclei takes place similarly to the case of
heavy mass nuclei. This effect oceurs independently
of the charge composition of emitted particles.
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I. INTRODUCTION

In 1974 a new physical phenomendn was
discovered in Dubna, namely, the excitation
~of high spin nuclear states in negative
pion capture’!?/ To understand this process
experiments with heavy (Z=82)%% and medium
mass nuclei(Z:BDV%/ were performed. These
nuclei belong to the so-called "iscmeric
islands" (Fig. 1) and are very convenient
for 2dentifying high spin states by the
activation method. On the other hand, when
passing from the region of heavy nuclei
to the medium mass ones there appears a pos-—
sibility of investigating the effect of
the Coulomb barrier on the isotope yield
and on the formation of high-spin states.
7~ capture onSb , Sn , In , Cd , Ag , Pd
nuclei has been investigated.

2. EXPERIMENT

Targets about 2 g/cm? thick were irra-
diated by the moderated negative pion bean
from the LNP synchrocyclotron (E, =30 MeV).
The density of stopping negative pions was.
10t g_l xsec"!. The results of the identifi-
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cation of isotopes produced in (s~ .xn,y p)
reactions are listed in Tables 1-6. Typical
y ~spectra for different targets are shown
in Figs. 2-h.
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Fig. 1. Distribution of isomeric pairs.
The histogram shows the Z -dependence of
the number of isomeric pairs.
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Fig. L. Gamma-spectra of isotopes produced
in the {(Ag+w~) gnd (Pd+r~) vrpeactions.

2.1. The Sb(Z =51) target

In the y -ray spectrum of isotopes pro-

duced in the $303 target only one isotope

vith (Z-1), namely, H ’Sn was observed.
We could not identify other isotopes of Sa
since some of them (Table 1) are stable
and the half-lives of others are either
short or too long in comparisson with the

18




irra%%ation and measuring times. Even for
the k sn isotope though it has a sui-

table half-1ife (35 min) it was impossible
to observe 761 and 1151 keV y— lines.The ab-
solute intensities of these y-lines are
probably too weak. Most of gammas in the
analysed spectra belong to the decay of
indium isotopes (Z-2 )} which are produced
by the emission of one charged particle

and several neutrons. In the y —-spectrum
only one isotope with (Z-3) !!'!mcd (48 min,
11/2~ ) was observed. It was identified
unambiguously by means of the decrease

of the intensity of 150 and 245 keV y-~lines.

2.2. The Sn{ Z =50} target

In the (#~ ,xn}) reaction on natural Sn,
indium isotopes are mostly produced in
a wide range of mass numbers A =(107+118).
The isomeric ratios ¢ =am/ag with the
values of (~0.2),(25 + 0.5) and (3.0 ¥ 0.5) were
determined for 1982, my, 1108, mp, ang 112gm
respectively. Ag in the case of Sb only
one charged particle channel &ﬂn*,pxn)lumCd
was observed. Other cadmium isotopes could
not be observed as some of them have long
half-lives and others | 1058, 107g, 115mcq).
have too weak Y —-transition intensities.
117 , 118 ¢4 jsotopes could be produced only
in the reaction on heavier Sn isotopes, na-
mely, 12057 (33%) . 22350 (4.7%) , 1245n(4.7%)We have
not observed the removal of two protouns
with the consequent formation of Ag isoto-
pes. It is probably due to experimental
time parameters.

19



2.3. The In(Z =49) target

n~ capture by 1ISIn(S)G%)a,llowed cone to
observe only one isotope with a (Z2-1)}
charge, namely, Hirmcg (48.6 min, I7=11/27).
It was identified according to 150.8 keV
and 245.4 keVy -lines. Ag and Pd isotopes,
i.e., nuclei with the charge (Z-2) and (Z-3)
have not been identified. In the ¥y -spect-
rum we could not see, for example, a very
intensive 617 keV line of ]mAgBJZh,I"=2"L
This isotope is expected to be produced
in the nshﬂnﬂp2n)“2Ag reaction. Apparently,
as & result of resonant neutron admixture
in the pion beam and high sensitivity of In
to these neutrons only the most intensive
¥y -lines could be observed. Since 15In(96%)
has a large neutron absorptilon resonance
integral (about 2700 barn) the y -lines
of residual nuclei under investigation are
strongly suppressed by the Compton back-
ground of intensive y-rays of IlﬁmIn(138,
41k, 818, 1087 and 1293 keV) (see Fig. 3).

2.4, The Cd(Z=48) target

The y -lines of Ag isotopes with masses
ranging from 102 to 112 form a Cd target
gspectrum. Additionally, the lines of
106, 101 py (Zz-2) were determined. Those
are probably of the daughter products of
Ag isotopes, though the {(# ,pxn) channel is
not excluded. 11lm,g pg gnqg 109mpy  {sotopes
may be produced only in the Cd{x ~,pn) reac-
tion since they themselves undergo 8~ -decay.

We have not observed the emission of the
two protons since Rh  isotopes have either
short half-lives or they are stable.

20



2.5, The Agl(Z=47) target

As follows from the analysis of y-ray
spectra, m -capture by natural Ag results
in forming a relatively wide mass spectrum
of final nuclei. 99101pd isotopes are pro-
duced in the {(r ,xn) reaction. We have not
observed 9018 Pd isotopes due to their
long half-lives as well as stable palladium
isotopes with A>10l. A number of Rh isotopes
in the mass region of 91-107 were identi-
fied as a result of the (¢ ,pxn) reaction.

In the reaction (v~ ,2pxn) 93%7Ru isotopes
arise. We have not found anyy -lines of
other Ru isctopes. The reaction (7 ,3pxn)

is manifested by the production of 94,96m,99my
final nuclei. The Tc isotopes with A< 9%

as well as those with A>100 have not been
observed. The isotope °*™Mo arising in the
reaction (s ,4pxn) has been identified.

2.6. The Pd(Z-46) target

The group of residual nuclei produced in
the irradiation of natural Pd(™Pd-11% ),
105 py_ 999, , 106pg_g79 | 198pa.o79, , 110 pa_12%)
are listed in table 4. The identified Rh |
Ru , Tc¢ and Mo isotopes are direct products
of pion capture with the emission of various
numbers of protons.

3., DISCUSSION OF RESULTS
3.1. Multiplicity of emitted nuclecns

The targets of natural Sn , Cd , Pd used
in the above-described experiments contain
a number of isotopes. As a consequence it

21



was not possible to determine exactly the
multiplicity of emitted nucleons for these
targets. Due to heavy background from
neutron capture products we could not ide-
tify all the products of the reaction (In+s")
and determine multiplicity for In.

The most suitable targets in this respect
proved to be Sb ?riAg ones 5§Ch consisting
of two isotopes: Sb(57% ) , Sb{43%) and
107A45wﬂ ,109A44%ﬂ,respectively. The multi-
plicity of emitted nucleons for these
targets amounts to 1k-15. This number is
consistent with the data for heavy elements,
refs, /34 As an illustration Fig. 5 shows
the dependence of the relative yield of
light Pd , Rh , Ru , Te and Mo isotopes
produced in the (Ag+rs~)} reaction on the
number of emitted nucleons AA=x+y. The total
binding energy is close to the pion rest
mass. In contrast to heavy nuclei the multi-
plicity of charged particles increases for
the region under investigation. While only
1-2 protons can emerge from heavy nuclei,
up to four protons can be emitted in the
case of Z =50.

The measured multiplicities of emitted
charged particles in pion absorption by
nuclei in the medium mass region can be
compared with the results of other experi-
ments 7079/, Negative pion capture by Br{Z=35)
and J(Z=53) nuclei has been investigated in
activation experiments’®”/. The maximal
multiplicity of charged particles equal to
3 and 5, respectively, has been observed.

The results of Alumkal et al.’® obtained
from the analysis of sigma stars in photo-
emulsion (AgBr) seem to be the most accurate
ones. The maximal multiplicity is given to

22



107,100
-
y Ag
Pd

! "

! RQ\\\

Ru

0sk-

Fig. 5. Relative yields of Pd ,Rh , Ru ,

Tc and Mo isotopes produced in the (Ag+r )
reaction versus the number of emitted nuc-
leons AA=x+vy and the mass number A.

be 8 but the emission probability for 5,6,7
and 8 charged particles is very low: 8x1073
b.5x10-5, 13.0x10-5 , 4.5x10-5 respectively.

Recently Engelhardt et al. ’% have ana-
lysed prompt gammas fromw# irradiated Nb
nuclei and identified the isotopes BLBZK:
(Z=36) as a result of the emission of k4 pro-
tons and T-8 neutrons.
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In conclusion we may say that the emis-
sion of charged particles increases with
decreasing the Coulomb barrier. However,
besides the Coulomb .barrier the binding
energy of nucleons may affect the emission
of charged particles. It is decreased for
protons and strongly increases for neut-
rons in neutron-deficient medium mass
nuclei. For example, in the reaction Aglr™ ,xnyp)
we could not observe the isotopes 95Rh, 4 Ru
and ?3Tcin contrast to the corresponding
isobars "> Ru, 9%Tc and M. It may be due
to the fact that the emission of protons in
comparison with that of neutrons is ener-
getically more advantageous.

The proton and neutron binding energies
for the above-mentioned isotopes were calcu-
lated according to the semi-empirical mass
law/1% and are shown in Fig. 6.

It 1s interesting to note that the distri-
bution of the number of emitted neutrons
does not depend on the number of emitted
protons and terminates at N=50 (Fig. 7).
Protons are emerged instead of neutrons
when the closed neutron shell is reached.
This may occur at'low excitation energies
after the emission of a considerable number
cf nucleons.

The multiplicity of charged particles
calculated according to the statistical/!l/
and pre-equilibrium’/'?/ models is in satis-
factory agreement with experimental results.

3.2. Spins of residual nuclei

High spin (I>3h) isomers excited in the
process of n~ ~capture by investigated me-
dium mass nuclel are listed in Table 7.
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Fig. 6. Binding energy of the proton (B,)
and the neutron{B,) for light isotopes of
Rh  , Ru and Te as a functicn of their mass
number A.

The excitation of high spin nuclear
states appears to take place in the region
of medium mass nuclei as well. These states
in medium mass nuclei are produced also in
brocesses when both charged particles and
neutrons are emitted.

The observed isomeric ratios for

108,110, 112 pp isotopes (see Section 2} in
the reaction "$n(r~xn)- ®®m=02), o,
{(£=2.6 + 0.5) » 2In(£=3.0 + 05) indicates the
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. o- Pd
Y x - Rh
\ o- Ru
l \ -a-Tc
\ v - Mo
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B0 52 54 5 60 N
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Tc

Relative yields of Pd ,Rh , Ru
and Mo isotopes produced in the (Ag+nm )

reaction versus the number of emitted neut-
rons X and the neutron number N

the dependence of the angular momentum on
the number of emitted nucleons

A correlation between the isomeric ratio
%%g tﬁf number of emerged neutrons for

In nuclel_has been studied in 7~
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! Table 7

Reaction The observed high spin isomers
1 ) 2

S 7 ,xn) 118mynca, 57y, 11905y, 1214 (45" )

Sb{ T, pxn) 10mra 7%y and 109mpa ¢5,6%)

In ( 7 ,xn) ,

Sn{ ¥ ",pxn) ' Mmey (11/27)

Sb( B ~,2pxn)

cd{ 7, xn) 100mug(6*),  105Mg (7/2%), 10444(5*y
103 4o (772%)
ca( - 11i1m - 109m
1 r ,pxn) Pd(ll/z ), Pd(ll/Z)

- 1
FA{ N ,xn) OGmRh(5+), 101mRh(9/2+) 99mRh(9/2+)

— 3
re( 77, pxn) Y05mn (772 *7€Rrn(9/2%)
pAf 7 T, pxn)

- 95k +
Ac( T 7, 2pxn) Ru(7/27)
Pa( 77, 2pxn) 1081000/2%y, Mre(s®),  9%1o(y/2™)
Ae( 7, 3pxn) 481c(6,7%) and  P3Fre(o/2™)
PA( 7 ",3pxn)
23myo 212y

Ag( J7 ~,4pxn)




ture by separated Sn isotopes ”34 The va-

lue of the isomeric ratic increases with
increasing the neutron multiplicity x from
2 to 6. For larger x values the decrease
of the multiplicity has been observed. The
maximum at x=6-7 corresponds to the exci-
tation energy of the order of m, /2.

All the experimental dats available at
- present prove a great importance both of the
elementary absorption of pions by the
gquasi-deuteron cluster on the nuclear sur-
face and of the intra-nuclear cascade for
residual spin formation.

The authors are very grateful to Prof.
V.P.Dzhelepov and Prof. S.M.Polikanov
for their support and interest in this-
investigation.

We also acknowledge the numerous help-
ful discussions of A.S.Ilyinov, S.E.Chig-
rinov and W.Fromm and we also thank
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