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In-beam y-ray spectroscopy of Pt isotopes located at the proton drip line
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In-beam y rays have been observed in the neutron-deficient isotdffé$:17Pt using the recoil-decay
tagging technique. The yrast transition sequence proposed’#Bt indicates that the 0 bandhead of
the deformed intruder band is situated about 900 keV above the weakly deformed ground state, i.e.,
its excitation energy has risen by about 300 keV compared’#®t. The measured energy of the 2
— 0" transition in"%Pt supports an even larger increase in the excitation energy of the intruder configura-
tion with the departure from the middle of the 82—126 major neutron shell. Furthermore, a band with transition
energies almost identical to those found'1#Pt has been assigned Y0Pt and was interpreted as correspond-
ing to a rotationally alignedl, 3, neutron orbital coupled to the core excitatiof80556-28188)02311-3

PACS numbdss): 23.20.Lv, 27.70+q

. INTRODUCTION data was only 82 keV, about one half the value ¥6Pt.
Excited states in odd Pt isotopes are known thus far down
One of the interesting facets of the structure of nucleito 17°Pt. Two bands interpreted as signature partners built on
around theZ=82 proton shell closure is the phenomenon ofthe i, 5, neutron orbital have been reported in R&f]. Both
shape coexistence. In light Hg isotopes, rotational bandbands exhibit irregularities in the energy spectrum at low
based on low-lying well-deformed prolate” Ostates have spin, suggesting a change in deformation, possibly due to an
been known for quite some timid]. These bands coexist intruder configuration similar to the one proposed to play a
with slightly oblate ground-state bands and the interactiornrole in light even-even Pt isotopes.
between coexisting excitations leads to notable distortions in  Prior to the present work, nothing was known about
the measured yrast transition sequences. It has been proposggited states in the light Pt isotopes with<173. Light
that the strongly deformed structures are due, at least in pambt isotopes have a strong decay branch and their
to the presence of intruder configurations formed by promotdecay properties are known down t8°Pt. The energy of
ing two protons across thé=82 shell gap into theng, o particles emitted from the ground state &fPt is
orbital, which exploits the strong attractive interaction be-63144) keV, the associated half-life is @® ms, and
tween valence neutrons and prot¢@% The presence of the the « decay branch is larger than 60¢%]. The ground
prolate intruder band was inferred from the data in the lightstates of*"*Pt and "%t decay predominantly by emis-
Hg isotopes up to'”*Hg where the unperturbed excitation sion with E,=6453(3) keV, T,,=40(3) ms [7] and
energy of its bandhead was deduced to be about 700¥eV E_=6545(8) keV,T,,=6(+5—2) ms[8], respectively.
In Ref. [3] no evidence was found at low spin for the intruder |t is clearly of interest to extend our knowledge of the
configuration in'"®Hg. yrast sequences of light Pt isotopes toward lower neutron
The shape coexistence phenomenon has also been afumbers; i.e., toward the proton drip line, to see whether the
served in light Pt and Os isotopes. In R@4], the yrast observed trends in the excitation energy and interaction
transition sequences observed'fi*®t were interpreted as strength of the intruder bands persist. This paper reports on
resulting from the interaction and crossing of two bands; onghe in-beam y-ray spectroscopic study of the neutron-
weakly deformed and another having larger deformationdeficient!’17117pt isotopes.
The moments of inertia of the two bands were deduced to be
0.009 and 0.036 ket, respectively. From the data, the in-
teraction matrix element between the two configurations was
estimated to be about 200 keV in both nuclei, similar to the Two experiments were performed with the ATLAS super-
values obtained for heavier Pt isotope¥?18Pt. In  conducting linac accelerator at the Argonne National Labo-
178-18%pt, the unperturbed bandhead of the strongly deformedatory to study light Pt isotopes. In the first one a 345-MeV
band was found to be the ground state, whilé it it was  "®r beam was used to bombard a 0.7 mgidimick, self-
pushed up in energy with respect to the less deformed barslipporting, isotopically enriche@Mo target. The average
by about 300 keV. This increase in excitation energy continbeam intensity was about 3 pnA for a period of about 8 h.
ues with decreasing neutron numberifPt, the lightest Pt The beam energy was optimized for the production of the
isotope with known excited statd§], the position of the "'Pt and'’Pt nuclei via the 8 and 2 evaporation chan-
second 0 state was deduced to be around 700 keV. Renels, respectively. In the second measurement the
markably, the interaction matrix element required to fit the®®Ru("®r,xpyn) reaction at 385 MeV was used to produce

Il. EXPERIMENT
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diation observed at the focal plane of the FMA and an as-
signment to a particular reaction channel followed.

In the first experiment, the mass spectrum of recoiling
nuclei measured at the focal plane of the FMA was domi-
nated byA=170 andA=171 residues, but a peak corre-
sponding toA=172 could also be seens-ray spectra de-
tected in coincidence witlh=170-172 residues contained

. . ; 6 . : mainly lines assigned previously to the light Os isotopes
layer of isotopically enriche@Ru material was deposited on 1701701735 [11-13 as can be seen in Fig(@. The mea-

a 0.7 mg/cr thick Al foil. The Al foil was placed upstream sureda particle spectrum is given as an inset in Figa)l

in order to minimize the s.traggllng of recoiling nuclei in the The strongest line in this spectrum correspond’t. The
target. The second experiment lasted about 19 h and the ay- ; . . ) .
oup of @ lines at higher energies was assigned to the light

erage beam intensity throughout the experiment was again t isotopes 701711721784 fines corresponding t67017Ds

pnA. ; .
The reaction channels leading f6°7117Bt are very are weak because of their very lawdecay F)ranch. Singles
; . S y-ray spectra correlated with the ground-statedecay of
weak andy rays emitted from these nuclei are buried in the 17117t are presented in Fig(H) and(c), respectively(cor-

strong background from many other more strongly populated , . :
residues and from prompy decay of fission products. rl?lgttlon t|me?_ of 1‘3 S "{Pdl 400tmt's tV.Vﬁ‘re used %Ptl_and
Hence, a highly efficient and selective experimental setup is t,)reslpecl ively SStF\’I:/e ovlllgoa |s$c7ség?(v?;g4r%y tlrr:es ¢
required. Since all of the Pt isotopes under study are grounoc—an € clearly seen between an eV in both spectra

statea emitters, the recoil-decay taggifi§DT) method[9] along with x-ray lines characteristic of the Pt isotopes.

was chosen to extract and identify theray transitions of In the second reaction, mostly reS|du§s W.'th masses 169
interest. and 170 were produced. As illustrated in Figa)2 vy-ray

: ; 6 17 ;
In-beam y rays were detected by the Argonne-Notre!'neS associated with®®0s[14] and17%0s[11] dominate the

Dame array of 10 Compton-suppressed HP-Ge detectoré"beamy'ray spectra measured in coincidence with recoils

FIG. 1. Energy spectra o rays detected in coincidence with
(a) recoiling nuclei and tagge@) on the ground-stat¥?Pt « decay
and (c) on the ground-state”Pt o decay using the
%Mo("®Kr,xpyn) reaction. The measured-decay spectrum is
shown as an inset in the topmost panel.

179t via the D2n evaporation channel. A 0.4 mg/érthick

- etected at the focal plane of the FMA. The two strongest
The photopeak efficiency of the array was about 0.5% at etec ) L
y-ray energy of 1.3 MeV. After leaving the target, recoiling |n?§7g thed?%ISD sl,pectrur(ra;eg '?Sgt |!’:F1g’gl.7%correspon(|j(
nuclei were analyzed according to their mass to charge-sta{) S an r. alin€s associated wi S are wea

ratio with the fragment mass anal MA) [10] and im- ecause o_f their Iovm-d_ecay branches. A singlgray Iine_ at
10 Wi g yzEMA) [10] ! 508 keV is present in the spectrum correlated with the

ground-statex decay of'’%Pt shown in Fig. (b) (correlation
time of 110 ms was used

planted into a double-sided silicon strip detect&¥SSD
placed behind the focal plane of the FMA. The implants
subsequently decayed in the DSSD emittingparticles
and/or protons with characteristic energies and half-lives.
Using coincidence relationships between promptys and
recoiling nuclei, together with the space and time correla- Because the statistics of the data was not sufficient to
tions between implants and decays, thexys detected at the obtain information fromm-y coincidence relationships, only
target position could be associated withand/or proton ra-  singlesy-ray spectra were used in the data analysis. Tables |

Ill. RESULTS
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TABLE 1. Energies and intensities of rays obtained from (a) (5)

singles y-ray spectra correlated with the ground-statelecay of
17ipy,

Energy(keV) Intensity Assignment

30y _ 33729
446 10@15) 17/2" —13/2"
606 5§10) 21/2- —17/2"
671 258) 25/2° - 21/2"
687 179 20/2" —25/2"
700 q4) 33/2t —29/2"

and Il contain energies, relative intensities, and proposec
spin and parity assignments for the lines associated witt
7pt and1’?Pt, respectively. The level schemes constructed

for 17¥Pt and!’?Pt are shown in Fig. 3. The 508-keV transi- 72py 7ipy
tion assigned td’%Pt is suggested to be the' 20" transi-
tion. Figure 4 contains the systematics of the yrast 2%, FIG. 3. Level schemes proposed fay *"?Pt and(b) *"*Pt. The

4% 6%, 8", 10" states in light even Pt isotopes, including widths of the arrows represent transition intensities including the
states proposed in this paper foPPt and'’%t. The transi- calculated contribution from the electron conversigvhite por-
tions were ordered based solely on intensity considerationigon).
and were assumed to form cascades of stret&dransi-
tions. Because the intensities obtained for the 564 and 57@hich is close to the value of 82 keV obtained fdfPt in
keV transitions in*’?Pt are identical the order proposed hereRef. [5]. The results of the calculations are compared with
is arbitrary. Reversing the order does not change the concldhe data in Fig. 5. The kinematic moments of inertia,
sions presented in this paper. In view of the low statistics, thelerived from the level schemes of heavier Pt isotopes
levels at the top of the proposed bands must be considered 4€~**Pt are shown in Fig. @). Figure 5b) presents]; de-
tentative and are marked with dashed lines in Fig. 3. It carfluced for'”?Pt and*"4Pt. From Figs. fa) and b) it can be
be seen from Fig. 4 that these assignments are in line witeeen that the dependence Xhf on rotational frequency is
expectations based on the systematics of light Pt nuclei. smooth in the heavier Pt isotopes, while fdfPt and*"Pt
pronounced irregularities appear at low spin. This sudden
change can be associated with a weaker interaction between
the bands. Calculated kinematic moments of inertia for dif-
The same approach as used in Réfs5] can also be ferent excitation energies of the intruder band are presented
applied here to interpret the ground-state band'i#Pt.  in Fig. 5(c). It can be seen from Fig.(§) that the intruder
Name|y, this band can be viewed as based on a Weak|y d@and is situated at about 800—1000 keV above the grOUnd
formed ground state which interacts with a band based on affate. By the same token, it can be concluded that#t the
excited well deformed intruder configuration. To estimate EMeV) Ne103
the excitation energy of the intruder configuration, band- | 3
mixing calculations were performed. Since the data obtained .
for 7%t are not very extensive some simplifying assump- |
tions were made. The moments of inertia obtainedfdPt “ | — 10+
and "%t in Refs.[4,5], i.e., 0.009 and 0.036 keV, were . ‘
assumed to describe also the weakly deformed and well- — ’
deformed band in’?Pt. A spin-independent interaction be- | 2 FR |
tween the bands of 100 keV was used in the calculations, — 3 Fa

IV. DISCUSSION

TABLE Il. Energies and intensities oy rays obtained from : !
singles y-ray spectra correlated with the ground-statelecay of . ! P — 6+
17%pt, —_ T T

Energy(keV) Intensity Assignment E —_—— — 4t

458 10Q@19) 2t 0" —_— ‘ S p—

564 3412 10— 8* ! — 24
573 3412 12f—10* I
588 2712 14" 12" —_ = — — 0
612 8319 4% 2%
651 5815) 6"— 4" FIG. 4. The systematics of positive-parity states in light even-
683 4615) 8 — 6t even Pt isotopes. The data were taken from REf] and from the
present measurement.
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68 H‘U e L FIG. 6. Comparison of the observéiiled symbolg and calcu-
= lated(open symbolsenergies of the first 2 states in ligh{a),(b) Pt
50 E72pt @ and (c),(d) Os isotopes as a function of the number of valence
40 E 7Pt O neutrons. The calculations are based on RéfS,16 and assume
c the linear dependenc&(2*)=a—bP, whereP is the P factor
30 (see texk, b is the slope parameter obtained from a fitB@2*)
-0 B energies in Dy-Er-Yb-Hf-W isotopes, amdis the offset, which was
B adjusted to the lightest isotope in each isotopic chain. Squares mark
0 F energies obtained using a rigi=82 shell closure, whereas tri-
o F L T e e angles were calculated using an effective number of valence pro-

o 0.2 03 0.4 tons. Experimental values fot’1’$t were obtained from this
work. Data on'%4166.16®s were taken from Ref14].
w (MeV/h)
=102-108 nuclei and gradually decreasing the number of
FIG. 5. Kinematic moments of inertid, , for light even-even Pt extra valence protons from 4 to 0 betwelr=100 andN

isotopes(a) **~**Pt and(b) 1">*"Pt. The data for”?Pt were ob- ~ =90. Much better agreement was found between the mea-

tained from this work. In pandkt) the curves labeled with numbers g|;red 2 energies in light even-even Pt and Os isotopes and
represent results of band-mixing calculations with the unperturbed

o

excitation energy of the well-deformed intruder band varying be- E(keV) (av24) (3110)
tween 0 and 1000 keV. Moments of inertia of 0.009 and 9000 |- (10+) _ (2068)
0.036 keV'L, for the weakly deformed and well-deformed bands,
respectively, and a spin-independent interaction between the bands
of 100 keV were used in the calculatiofsee text for details s (2576 (3¥24) {2503 (320 (2A10) (8e) 2404
excitation energy of the intruder band is about 600—700 keV, (292+) (2078)
which agrees with the value of 700 keV deduced in Ref. 2000 - (2924) (1806

As mentioned above, only a singlgray line was as- 292+ (1706) (29 (1723) (61 1721
signed to'’%Pt. However, as it defines the energy of the first
27 state it can provide a hint about the deformatiort GPt (&2+) (1973)
and about a possible admixture of the intruder state. The 2 2504 (1105) (@24 (119) (e (1052) (41070
energies in even-even nuclei from Dy to W have been suc- 1000 |
cessfully described using a linear function of the so-cated (21/24) (760
factor[15], defined a®®=N_-N,/(N.+N,), whereN . and 212« (506) (20/24)  (630)
N, are valence numbers of protons and neutrons, respec- (17124 (#46) (2] 458
tively. The above prescription fails, however, to reproduce s (215 (2 (g (120 (@81
data on Pt and O.s is_otopes wih<<104. '_I'q.remedy this i 0% @ (320 O (1320 @ 0 0
problem a generalization of the-factor definition was pro- 0
posed in Ref[16] which takes into account possible admix- 165|.|f 167'W 163 0s 17 Pt 172 Pt
tures of intruder states. The intruder states in ligh(®%) FIG. 7. The favored-signatuigs;, bands observed in the heavy

isotopes are due to26h (2p-8h) proton excitations across N=93 isotones®Hf [18], 67w [19], 1%0s [14] and "*Pt. For
the Z=82 gap and, as such, contain four more valence quacomparison, the ground-state band'i#Pt is also shown. The data
siparticles than normal states. In RgL6] this effect was  on %Pt and'72Pt were obtained in this work. In the oddisotopes
simulated by adding four extra valence protons fdr the excitation energies of the 13/3tates were set to 0.
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those calculated using the effective factor defined as: |evel scheme of’?Pt, an even-even neighbor &f'Pt. Re-
Per=N"-N,/(N"+N,) whereN®" is the effective number of markably, the energies of the first four transitions in both
valence protons. In Figs.(& and Gb), the results obtained nuclei do not differ by more than 20 keV. In view of the
using the two formulas above for light Pt isotopes are comabove, we suggest that the states observed it corre-
pared with the data, including the 2energies measured for spond to the rotationally aligneds, neutron coupled to the
179t and'’?Pt in the present work. The comparison indicates0™, 2%, 4", 6%, 8", 10" excitations of the core, as is also
that the simple model proposed in REE6] can be extended observed in otheN=93 isotones.

to the lighter even-even Pt isotopes observed in the present

work. As illustrated in Figs. @) and 6d), good agreement is V. SUMMARY

also found for light Os isotopes, including th¢ 2nergies in

164,166,16 H
Os measured using the present s¢t4. However, Reen observed using the recoil-decay tagging technique. The

there are some notable differences between the data and teﬁergies in the ground-state band-TAPt suggest that the'0

calculations. In fche Pt isotopes, the transition betwegn thfentruder bandhead is situated at about 900 keV above the
normal and the intruder states seems to be more rapid than

predicted, whereas the Os isotopes change character m round state. The energy of the only transition found in

?) o . v "
gradually. It is plausible that already the ground stat&' ¥Rt b Wh'.Ch is most likely the 2—0 transition, suggests
o . . that the intruder band has an even higher energy in this
does not have a significant admixture from the intruder state, ;
; nucleus. The band found H*Pt resembles very closely the
In the case of the odé- Pt isotopes, two bands were

n17 H A
assigned td"%Pt in Ref.[6] and they were interpreted as two gﬁnr?elgi Zptnaerl]ﬁrfﬁ t:(;lus, lzr;?gfﬁg I:cc)errgsduoenfjoina rg})"’r‘goe"‘fc'!}’
signature partners based on thg,, neutron orbital. The gnedisz, P P 9

viq3 bands are populated quite strongly by the heavy—ion—tatlons'

Excited states in three light Pt isotop&S17117Pt have

induced fusmn—evapprauon reactions in Fh|s region. Figure 7 ACKNOWLEDGMENTS
shows the systematics of the favored-signateirg, bands
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