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Levelsof
� � �

Ir werestudiedusingthermalneutroncapturereaction.A pair spectrometer
wasusedto measurethehigh-energy � -ray spectrumfrom thermal-neutroncapturein en-
riched

� � �
Ir target over the energy range4640– 6100keV. The low-energy � -radiation
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from thereactionwasstudiedwith crystaldiffractionspectrometers,andconversionelec-
tronswereobservedwith magneticspectrometers.The high-sensitivity measurementsat
theGrenoblereactor, evaluatedfor transitionenergiesup to 500keV, arecomparedwith
lower-sensitivity measurementsat theWuerenlingenandSalaspilsreactors.Thecompari-
sonhelpedto obtainreliableisotopicidentificationfor a numberof � 	 
 Ir lines.Themulti-
polarity admixturesfor 29 � -transitionsweredeterminedon thebasisof conversionlines
from differentelectronsubshells.Promptanddelayed� -� coincidencesweremeasured
using semiconductorand scintillation detectors.The � 	 � Ir(d,p) high-resolutionspectra,
observedwith a magneticspectrometer, aregiven.All thesedatacontributedto establish-
ing a detailedlevel schemeof � 	 
 Ir. Additionaldataandtheinterpretationof theresultsin
termsof currentmodelswill bepresentedin a forthcomingpaper.

PACSnumbers:21.10-k,23.20Lv, 27.80+w UDC 539.163,539.172

Keywords: � � � Ir levels, (n,
 ) and(d,p) reactions,
 -ray spectra,diffractionspectrometer, magnetic
spectrometers,promptanddelayed
 -
 coincidences

1. Introduction

Nuclei in the Os–Ir–Pt region have beenintensively studiedusingboth experimental
andtheoreticalmethodsfor quitealongtime.Interpretationof thestructureof thesenuclei
requiresa complicatedmodelapproach.It is generallyacceptedthatnuclei in this region
aresuccessfullydescribedusingtheO(6) limit of IBA. For odd-oddnuclei, it meansthe
applicationof theboson-fermion-fermionmodelin theO(6) limit. Nevertheless,somefea-
tures,compatiblewith smallsurfacedeformation,allow alsoalevel-structureinterpretation
within theframework of theBohr-Mottelson-Nilssonmodel,thoughthelimitationsof that
approacharehardto defineprecisely. Thedetailedstudyof low-energy level schemesfor
thenucleiof this regionwouldhelpverymuchto clarify thispoint.

The � 	 
 Ir nucleus,situatedin atransitionalregionbetweenthestronglydeformed���� � �
–185nucleiandthedoublymagic� � � Pbnucleus,shouldprovideusefultestsof current

models.Thoughboth � 	 � Ir and � 	 
 Ir can be excited by neutroncapturewith relatively
largethermalcapturecross-sections(954(10)and111(5)� � � � � � m� , respectively), a level
schemewith a detailedmodelinterpretationof � 	 � Ir hasnotbeendevelopeduntil recently
[1]. Previouspublicationson � 	 
 Ir includeneutron-captureresults[2], presentedwithouta
level-schemeinterpretation,observationof the � 	 
 Osbeta-decay[3–5] andmeasurements
of decayof a 32msisomericstate[6,7].

For � 	 
 Ir, theobservationof neutron-capturespectrais thebestexperimentalmethod
sinceit allows to find almostall low-energy levelsup to a few hundredsof keV. A larger
cooperationwasundertakensometime agoto study � 	 
 Ir, usinga wide scopeof exper-
imental data. Besidesthe (n,� ) and (n,e

�
) measurements,resultsof our study include

alsodataon averageresonance(ARC) neutron-capturespectraandtheresultsof the(d,p)
reactionmeasurements.Themainresultsof thiscollaborationarepublishedin Ref.8. Pre-
liminary resultswerereportedat several conferences(e.g. Refs.9–11).The recent(d,p)
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work of Garrettet al. [12] took into accountthesepreliminaryresults.ThoughGarrettet
al. have disclosedseveral importantfeaturesof � � � Ir, a detailedinsight into thestructure
of thisnucleusis still missing.

In Ref. 8 aregiven the main experimentalresultsleadingto a level schemeandto a
structureinterpretation.However, for a nucleusof suchcomplexity, we feel importantto
publishcompleteresults,obtainedin theprocessof ourstudies,althoughthey arenotcru-
cial for theunderstandingof the � � � Ir level scheme.Thesedatainclude:(i) thefull energy
rangeof primary � -rays,which in Ref. 8 is givenonly up to 600keV excitationenergy;
(ii) the low-energy � -raysandconversionelectronsdetectedwith a lower neutronflux,
comparedto thesametransitionsobservedwith a higherflux of measurementsdescribed
in Ref.8; (iii) themultipolaritymixingssupportedby subshellelectronintensities;(iv) the
detailedaccountof resultsof � - � coincidences;(v) thefull energy rangeof (d,p) reaction
spectra,obtainedusing22 MeV deuterons,which in Ref. 8 is cut at 600 keV excitation
energy.

2. Experimentalmethodsandresults

2.1. Primary  -raysfromthermalneutroncapture
(Fribourg-Wuerenlingen)

The � � ! Ir(n,�#" � � � Ir primary � -rayswereobservedwith apairspectrometer[13], placed
at theSAPHIRreactorof EIR (now PaulScherrerInstitute)atWuerenlingen.Theexternal
target,enrichedto 98.1%in � � ! Ir, of a massof 20 mg, wasplacedin thethermalneutron
flux of $&%�' ( ) n cm*#+ s*,� . In order to identify the lines from capturein � � � Ir, mea-
surementswith a 37 mg targetenrichedto 86%in � � � Ir andwith a 4 g sampleof natural
iridium wereperformed(seealsoRef. 1). The � � � Ir results,extendingup to 1430keV
excitationenergy, arelisted in Table1. Level energiesweredeterminedfrom theprimary� -ray energieswith thehelpof theneutronseparationenergy -/.1032 ( 2 2 4 5 6 $ " keV (see
Ref.8).

2.2. Low-energy (n, 87 measurements
(Fribourg-Wuerenlingen)

Measurementswith aComptonsuppressionspectrometerandwith asingleGe(Li) de-
tectorwereperformedusing15mgand150mgnaturalIr targets.Thecomparisonof these
measurementswith the resultsobtainedwith the37 mg sampleenrichedto 86%in � � � Ir
providedidentificationandintensitycalibrationof a few intensive � � � Ir transitions.

The � � ! Ir(n,�#" � � � Ir spectrumwas also observed from 43 to 520 keV with a curved
crystalspectrometer[14–17]atWuerenlingen.The30mgtargethada 98.7% � � ! Ir
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TABLE 1.Primarytransitionsfrom the < = > Ir(n,?#@ reaction,observedwith apairspectrom-
eter, andthelevelsof < = A Ir, computedassumingB/CEDGF H F F I J8K1H I L keV.

MON P N MRQ S T
(keV) (rel) (keV)

6067.00U 0.40 12.2U 1.1 0.0 U 0.35
6023.85U 1.50 3.3U 1.4 43.1 U 1.50
5984.17U 0.47 11.4U 2.0 82.7 U 0.40
5954.67U 0.42 27.9U 3.5 112.2 U 0.35
5928.15U 0.36 10.0U 2.2 138.7 U 0.30
5918.15U 0.37 12.2U 1.6 148.7 U 0.30
5904.97U 0.66 7.2U 1.6 161.9 U 0.60
5882.50U 0.63 6.8U 1.6 184.4 U 0.60
5821.45U 0.40 22.2U 2.0 245.45U 0.35
5814.00U 0.80 5.0U 1.7 252.9 U 0.70
5787.38U 0.48 18.7U 3.5 279.5 U 0.40
5757.45U 1.70 2.2U 1.5 309.45U 1.70
5750.08U 1.70 2.1U 1.5 316.8 U 1.70
5728.73U 0.32 38.0U 3.5 338.2 U 0.25
5678.03U 1.40 2.2U 1.5 388.9 U 1.40
5643.53U 0.37 13.6U 1.5 423.4 U 0.30
5630.70U 0.36 15.0U 1.6 436.2 U 0.30
5577.14U 0.44 6.6U 1.9 489.75U 0.40
5563.47U 0.63 10.7U 1.5 503.4 U 0.60
5519.20U 1.20 9.3U 3.0 547.7 U 1.20
5487.62U 0.54 14.2U 1.3 579.3 U 0.50
5466.65U 0.48 23.2U 6.0 600.25U 0.40
5385.88U 0.90 4.8U 1.8 681.0 U 0.80
5368.00U 0.80 2.7U 1.3 698.9 U 0.70
5357.92U 0.50 18.0U 3.0 709.0 U 0.40
5315.35U 0.65 11.0U 2.4 751.55U 0.60
5300.32U 1.10 6.6U 2.0 766.6 U 1.10
5291.20U 0.53 6.4U 1.7 775.7 U 0.40

MVN P N MOQ S T
(keV) (rel) (keV)

5281.77U 0.68 6.4U 1.1 785.1 U 0.60
5264.82U 0.98 6.5U 4.0 802.1 U 0.90
5261.06U 0.88 7.0U 2.0 805.8 U 0.80
5246.60U 0.97 4.9U 2.8 820.3 U 0.90
5231.60U 0.60 3.6U 1.5 835.3 U 0.50
5189.45U 0.97 5.5U 2.2 877.45U 0.90
5180.70U 0.63 12.2U 3.0 886.2 U 0.60
5158.40U 0.62 7.0U 2.7 908.5 U 0.60
5140.10U 0.85 5.2U 1.0 926.8 U 0.80
5128.95U 0.77 6.6U 1.1 938.0 U 0.70
5109.74U 0.64 7.2U 3.0 957.2 U 0.60
5090.63U 0.68 9.1U 1.1 976.3 U 0.60
5071.85U 0.50 14.4U 2.0 995.0 U 0.40
5028.16U 0.48 17.8U 4.0 1038.7U 0.40
5014.40U 0.90 12.2U 3.5 1052.5U 0.80
4991.83U 1.10 4.9U 1.4 1075.1U 1.10
4979.50U 0.76 7.9U 1.6 1087.4U 0.70
4967.65U 0.72 6.8U 2.8 1099.25U 0.70
4930.81U 0.86 8.8U 2.4 1136.1U 0.80
4892.35U 1.00 4.5U 2.7 1174.55U 1.00
4875.41U 1.20 4.7U 2.0 1191.5U 1.20
4855.47U 0.59 13.3U 2.3 1211.4U 0.50
4839.30U 0.52 12.3U 2.2 1227.6U 0.40
4827.20U 0.72 8.8U 2.1 1239.7U 0.70
4808.32U 0.70 6.9U 1.4 1258.6U 0.60
4754.75U 0.44 16.1U 3.0 1312.15U 0.40
4643.40U 0.60 12.1U 2.1 1423.5U 0.50

enrichment.Table2 shows101 ? -ray transitionsassignedto < = A Ir. Moredetailedinforma-
tion on theFribourg-Wuerenlingen< = W Ir and < = A Ir measurementsfor high andlow ? -ray
energiescanbefoundin Ref.1 andin Ref.18.

In Table2, acomparisonis givenwith thepartialresultsof low-energy ? -raymeasure-
mentsin ILL (Grenoble)(for completedataseeRef. 8), which areof a highersensitivity
thantheFribourg-Wuerenlingendata.Nevertheless,theanalysisof theresultsjustifiesthe
publicationof all datalistedin Table2: (i) theintensitycalibrationvs.energy is morepre-
cisefor theWuerenlingenresults,at leastfor thestrongestlines;(ii) sincetheneutronflux
in Grenoble( X I XRY[Z H < A n cm\#W s\,< ) is morethananorderof magnitudehigherthanthatat
theWuerenlingenreactor( ][Y1Z H < > n cm\#W s\,< ), it wasnecessaryto makea complicated
isotopicidentificationof the < = A Ir and < = ^ Ir linesfor theILL results.Suchidentificationis
not100%reliable.An observationof theline in Wuerenlingenis a strongargumentfor its
assignmentto < = A Ir. Thisprovidesalsoameansfor testingtheidentificationprocedureused
with the ILL data.Thesamearguments,at leastpartly, arealsovalid for the conversion
electrondata(Tables2 and3).

All intensityscalesin Table2 are reducedto relative intensitiesusedin Ref. 18 as
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well asin Ref. 19. This scaleis basedon setting b cedgf h h for the intensive 112.2keV
transition.In orderto obtainthescaleof column2, theearlierrelativeintensityscaleof the
Grenobledata,usedin a laboratoryreport[20] (seealsoRef.21),hasbeendividedby 9 to
givecomparableintensitiesfor the82,84,112,123,138,148and184keV transitions.

TABLE 2.Secondaryi -raysandtransitionmultipolaritiesobservedanddeducedonabasis
of four seriesof measurements.In columns1,2and6, selectedsetsof Grenoblemeasure-
ments[8] aregiven. The measurementsat Wuerenlingen(Sect.2.2) andthe conversion
electronmeasurementsat Riga(Sect.2.3)arepresentedin columns3,4,5and7. Standard
errorsin termsof lastdigitsaregivenin parentheses.

Gamma-rays Gamma-rays Internal Internal Multi-
(Grenoble) (Wuerenlingen) conversion conversion pola-jVk l k jVk l k

(Riga-Salaspils)m (Grenoble)n rity o
(keV) (rel.) (keV) (rel.)p
29.890

p
1.9 q _ r st_ r uv_ q _ =13.1(18) w M1

(6) (1.8)x
34.829 - q _ r q,y r st_ r s y q _ z y r st_ z y r w M2
(10) - u/_ z y

39.217 8.3 q _ r q,{ r st_ r u/_ q _ =12.9(12) w M1
(1) (5)

43.119 37.3 43.117 48 q _V|e} ~ � � � r q,{ r q,y r q _ =9.56(83) M1
(1) (26) (3) (12) st_ r s { r uv_ r �8_

54.401
p
5.9 q _ r st_ q _O| 5.26(61) (M1)

(1) (5)
62.793 1.6 q _V|e� � � } � � r q,{ r q,y r q _ =68.7(103) M2

(3) (2) st_ r s y r uv_ r u y
82.339 24.0 82.335 17 q _V|G} � � � � � r st_ q _V|G} � ~ � � � � M1

(2) (4) (4) (4)
84.288 55.5 84.280 52 q _V|G} � � � � } � � r q,{ r q _V|G} � � � � � � M1+

(2) (36) (2) (6) q,y r st_ r s { r s y E2
93.166 16.6 93.156 18 � |e� � � � } � � r q _V|e� � � � � � � M1

(2) (4) (4) (4) q _ r st_
95.575 38.5 95.563 33 � |e� � � � } � � r � |1� � } � � � � � M1

(3) (17) (3) (5) q _ r st_
112.230 96.7 112.2290 100 � |e} � � � � � � � r � |G} � ~ � � � � M1+

(1) (17) (12) (8) q _ r q,{ r q,y r st_ r E2

s { r s y r u�r �
113.447 4.5 113.420 5.2 � |e� � � � } } � r q _ � |1~ � � � � � � � M1

(1) (1) (15) (16)
115.473 22.5 115.464 25 � |e} � � � � � r q _ � |1~ � � � � � } � M1

(1) (5) (4) (4)
117.880 20.6 117.874 22 � |1� � � � � � r q _ � |1~ � � � � � M1

(2) (8) (4) (4)
123.845 48.3 123.839 47 � |1� � � � � � r q _ � |1� � � � � } � � M1

(1) (15) (3) (5)
132.883 8.4 132.872 11.6 � |e} � ~ � � � r q _ � |e� � � � � � � M1

(2) (3) (6) (23)

Table2. (continued)
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Gamma-rays Gamma-rays Internal Internal Multi-
(Grenoble) (Wuerenlingen) conversion conversion pola-�V� � � �O� � �

(Riga-Salaspils)� (Grenoble)� rity �
(keV) (rel.) (keV) (rel.)

136.100 8.1 136.116 15.7 ���e� � � � � � M1
(2) (5) (4) (23)

138.686 38.7 138.689 45 ���1� �   ¡ � ¢ � � £ ¤ � £ ���G� � � � �   � M1+
(1) (7) (3) (4) ¤,¥ £ ¤,¦ £ § � ¥ £ §&¦ E2

142.119 5.1 142.144 7 ���e� � � � ¨ � �©�G� � � ¨ � ¢ ª � M1
(2) (4) (18) (4)

142.199 3.1 �©�G� � ¡ � � ¢ � �
(6) (2)

143.594 30.8 143.590 35 �©�G� � � � ¢ � £ ¤ � ���G� �   ¨ � ¡ � M1
(1) (4) (3) (4)

145.221 5.2 145.214 6.9 ���1� � « « � ª � � �©�G� �   � � � ¡ � E2,
(2) (2) (12) (17) M1

146.169 4.3 146.202 4.5 ���e¢ � ª � � � � ���1¢ � « � ª � M1
(2) (2) (20) (14)

147.630 2.4
(9) (5)

147.979 2.2 147.946 4.8
(3) (1) (40) (14)

148.934 68.4 148.932 73 ���e� � ª ª �   � £ ¤ � £ ¤,¥ £ ���e� � � ¢ � ª � E2
(1) (17) (3) (6) ¤,¦ £ §&¥ £ §&¦ £ ¬/¥ ¦

152.405 17.6 152.400 17.8 ���e� � � � � � � ���e� � � ¢ � � � E1,
(2) (4) (6) (27) E2­

153.054 23.7 153.049 26 ���e� � � � � � £ ¤ � £ § � �©�G� � « « � � ¢ � M1
(1) (6) (5) (3)

160.825 16.2 160.818 13.8 �[£ ¤ � £ ¤,¥ £ ¤/® ¯¦ ���e� � ¨ ¨ � � � M1+
(2) (4) (6) (21) E2®

160.996 20.1 160.992 22 �[£ ¤ � £ ¤,¥ £ ¤/® ¯¦ �©�e� � ¨   � � � � M1+
(2) (4) (4) (3) E2®

161.507 1.0
(10) (2)

162.366 2.4 161.961 4.4
(3) (1) (10) (13)

162.774 11.5 162.770 9.8 ���1� � ¨ � � ª � � ���e� � ª � � ª � M1+
(2) (3) (10) (20) E2

165.374 12.9 165.359 9.3 �[£ ¤v® ¯� ���G� � ¢ � � ¡ � M1 ®
(3) (5) (13) (14)

165.448 16.9 165.431 17.1 �[£ ¤v® ¯� �©�G� � ¢ � � � ª � M1 ®
(3) (5) (7) (21)

166.275 4.6 166.260 5.0
(3) (1) (30) (15)

169.539 9.3
(13) (14)

169.564 11.3 � ���G� � �   � ¡ � M1
(2) (3)

Table2. (continued)
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Gamma-rays Gamma-rays Internal Internal Multi-
(Grenoble) (Wuerenlingen) conversion conversion pola-³V´ µ ´ ³O´ µ ´

(Riga-Salaspils)¶ (Grenoble)· rity ¸
(keV) (rel.) (keV) (rel.)

169.662 12.6
(35) (25)

169.874 7.4 169.857 5.9 ¹�ºe» ¼ ½ ¾ ½ ¿ ¹�ºe» ¼ » À ¾ » Á ¿ M1
(2) (3) (20) (18)

176.654 7.5 176.645 7.0 ¹�º1Á ¼ ½ Â ¾ » Ã ¿ ¹�ºe» ¼ » Â ¾ » Ä ¿ M1
(3) (2) (40) (18)

179.226 4.3 179.150 7.6 ¹�ºeÁ ¼ » Â ¾ À ¿ ¹�ºeÁ ¼ Å ½ ¾ Ã ¿
(3) (2) (45) (19)

180.930 2.4 181.000 4.0
(5) (1) (80) (12)

181.069 2.1
(5) (2)

182.146 4.3 182.142 4.0
(5) (1) (30) (12)

184.687 44.0 184.684 35.7 ¹�º1Á ¼ Æ Æ ¾ ½ ¿ Ç ¹�ºeÁ ¼ » Å ¾ » ¿ E2
(2) (8) (6) (18) È ° Ç È,É Ç È,Ê

186.162 4.3 186.169 2.9
(3) (1) (50) (15)

193.928 10.1 193.915 9.0 ¹�º1Á ¼ Ë Á ¾ Æ Á ¿ ¹�ºeÁ ¼ À Ë ¾ À ¿ E2
(3) (3) (13) (18)

195.519 10.0 195.507 9.4 ¹�º1Á ¼ Â ½ ¾ » Á ¿ ¹�ºeÁ ¼ » Ã ¾ Æ ¿ M1+
(3) (3) (18) (19) E2

198.834 7.0 198.753 5.4
(3) (1) (80) (19)

204.187 4.2 204.164 5.2 ¹�º1Á ¼ ½ ¾ Æ ¿ ¹�ºeÁ ¼ À » ¾ ½ ¿ M1+
(3) (1) (50) (16) E2

211.133 2.8 211.173 4.7 ¹�ºe» ¼ Á ¾ ½ ¿ ¹�ºeÁ ¼ ½ Â ¾ Ã ¿ M1
(4) (2) (30) (30)

212.346 7.4 212.373 7.7
(2) (2) (30) (19)

216.903 2.0 216.874 6.5
(6) (2) (70) (20)

219.163 8.8 219.420 4.2 ¹�º1Á ¼ Å ¾ Ä ¿ ¹�ºeÁ ¼ » Æ ¾ Æ ¿ M1
(2) (4) (120) (13)

224.085 8.6 224.073 7.4 ¹ ¹�ºeÁ ¼ ½ » ¾ Ä ¿
(3) (4) (30) (19)

225.412 5.5 225.390 7.2 ¹�ºe» ¼ Á ¾ Ä ¿ ¹�ºeÁ ¼ Â Å ¾ Ä ¿ M1
(5) (1) (50) (18)

226.299 1.8 226.265 2.0
(15) (2) (60) (10)

226.639 9.3 226.579 6.7 ¹�º1Á ¼ Ä Ã ¾ » Ã ¿ ¹�ºeÁ ¼ Ä Æ ¾ Â ¿ M1+
(2) (3) (20) (20) E2

228.070 5.7
(4) (4)

228.186 7.3
(45) (18)

Table2. (continued)
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Gamma-rays Gamma-rays Internal Internal Multi-
(Grenoble) (Wuerenlingen) conversion conversion pola-ÏOÐ Ñ Ð ÏVÐ Ñ Ð

(Riga-Salaspils)Ò (Grenoble)Ó rity Ô
(keV) (rel.) (keV) (rel.)

228.201 4.7
(4) (2)

231.901 5.7 231.873 5.6 Õ�Ö1× Ø Ù × Ú Û × Ü Õ�Öe× Ø Ý Þ Ú Þ Ü M1
(3) (2) (60) (17)

234.817 21.2 234.803 18.1 Õ�Ö1× Ø Ù × Ú ß ß Ü Õ�Öe× Ø Þ Þ Ú Þ Ü M1
(2) (5) (14) (22)

235.493 3.8
(5) (2)

235.569 8.7
(40) (22)

235.707 4.2
(4) (2)

241.759 3.7 241.665 2.4
(4) (2) (90) (12)

242.314 5.1 242.332 5.9
(3) (2) (60) (18)

245.115 6.7 245.119 9.2 Õ�Ö1× Ø Û Ù Ú à Ü Õ�Öe× Ø ß Ý Ú Û Ü M1+
(3) (3) (25) (23) E2

245.491 14.5 245.514 15.8 Õ�Ö1× Ø Þ Û Ú à Ü Õ�Öe× Ø Þ × Ú Û Ü M1+
(2) (3) (14) (24) E2

245.943 3.6
(4) (2)

246.022 5.4
(45) (16)

246.051 1.9
(8) (2)

248.599 11.4 248.616 11.2 Õ�Ö1× Ø Û × Ú á Ü Õ�Öe× Ø Þ Ù Ú Û Ü M1+
(2) (2) (95) (22) E2

250.686 2.3 250.683 4.3
(6) (1) (75) (13)

252.288 5.2 252.263 9.8
(4) (2) (50) (25)

255.313 17.1 255.350 14.7 Õ©Öe× Ø ß à × Ú â â Ü Õ�Öe× Ø ß à Ú Û Ü M1+
(4) (7) (18) (22) E2

262.739 6.5 262.722 5.9 Õ�Öe× Ø á Ú Ý Ü Õ�Öe× Ø ß á Ú Û Ü M1
(3) (3) (70) (18)

264.744 37.5 264.749 32.1 Õ�Ö1× Ø Û Û Ú á Ü Õ�Öe× Ø Û Û Ú ß Ü M1+
(3) (9) (13) (30) E2

267.835 9.4 267.797 9.8
(2) (3) (45) (20)

271.676 26.8 271.661 23.2 Õ©Öe× Ø ß á á Ú â â Ü Õ�Ö1× Ø × ã ã Ú Ù Ù Ü M1+
(3) (5) (20) (23) E2

275.292 27.0 275.282 24.2 Õ�Ö1× Ø Þ × Ú á Ü Õ�Öe× Ø Û ã Ú ß Ü M1
(2) (4) (17) (24)

278.502 84.7 278.518 91 Õ =0.184(38) Õ�Öe× Ø Û â Ú Û Ü M1+
(3) (21) (8) (7) E2

Table2. (continued)
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Gamma-rays Gamma-rays Internal Internal Multi-
(Grenoble) (Wuerenlingen) conversion conversion pola-çOè é è çOè é è

(Riga-Salaspils)ê (Grenoble)ë rity ì
(keV) (rel.) (keV) (rel.)

288.423 5.5 288.406 5.9
(8) (3) (50) (18)

294.411 3.6 í�î1ï ð ñ ò ó ô ô õ
(28) (15)

294.474 20.5 í�î1ï ð ñ ñ ó ò õ M1+
(18) (21) E2

294.531 19.4 í�î1ï ð ô ô ó ô õ
(6) (8)

304.666 6.5 304.711 6.0 í í�î1ï ð ñ ï ó ñ õ
(4) (2) (80) (18)

308.975 27.2 308.944 27.4 í©îeï ð ô ñ ö ó ÷ ö õ í�î1ï ð ô ø ó ô õ M1+
(2) (7) (20) (27) E2

310.594 12.9 310.544 7.0
(2) (3) (70) (21)

311.492 7.7 311.557 6.3 í í�î1ï ð ô ø ó ô õ
(4) (2) (80) (19)

314.065 12.6 314.141 18.0
(6) (9) (30) (22)

324.265 8.7 324.250 7.5
(3) (3) (90) (22)

324.988 14.1 325.028 12.9 í í�î1ï ð ô ò ó ô õ
(3) (5) (45) (26)

330.418 8.1 330.443 11.8 í�îeï ð ÷ ò ó ô ò õ í�î1ï ð ñ ï ó ñ õ M1
(3) (3) (70) (24)

335.095 4.8 335.200 4.3
(6) (2) (60) (13)

337.531 29.3 337.531 26.8 í©îeï ð ï ù ò ó ö ñ õ í�î1ï ð ô ú ó ô õ M1+
(4) (6) (35) (32) E2

340.813 36.4 340.793 38.7 í©îeï ð ô ò ø ó ö ø õ í�î1ï ð ô ø ó ô õ M1
(4) (6) (20) (47)

342.162 3.0 342.205 6.4
(8) (2) (70) (19)

347.064 4.3 347.025 9.7
(5) (2) (70) (24)

353.963 24.5 353.948 27.6 í�î1ï ð ï û ó ö õ í�î1ï ð ô ø ó ô õ M1+
(2) (7) (25) (48) E2

360.423 13.5 360.451 13.4
(3) (3) (70) (34)

371.502 100.7 371.443 105.3 í =0.036(12) í�î1ï ð ï ÷ ÷ ó ÷ õ E2
(2) (26) (16) (12)

383.676 17.0 383.630 18.1 í�î1ï ð ô ô ó ø õ í�î1ï ð ô ô ó ô õ M1
(3) (5) (75) (36)

390.961 27.5 390.953 26 í�î1ï ð ô ï ó ö õ í�î1ï ð ô ï ó ô õ M1
(2) (6) (90) (7)

414.783 29.3 414.778 37 í�î1ï ð ô ô ó ö õ í�î1ï ð ï û ú ó ö õ M1
(3) (7) (70) (6)

Table2. (continued)
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Gamma-rays Gamma-rays Internal Internal Multi-
(Grenoble) (Wuerenlingen) conversion conversion pola-ÿ�� � � ÿ�� � �

(Riga-Salaspils)� (Grenoble)
�

rity �
(keV) (rel.) (keV) (rel.)

418.144 29.0 418.078 37 �	��
 � 
 
 � � � �	��
 � � 
 � � � � M1+
(3) (8) (60) (6) E2

424.323 1.2 424.31 9.4
(46) (2) (14) (28)

425.444 2.4 425.95 9.2
(12) (3) (14) (30)

435.840 4.3 435.979 4.1
(9) (3) (90) (20)

440.458 10.5 440.609 16
(10) (4) (75) (4)

458.294 19.6 458.73 32
(5) (4) (20) (6)

460.250 37.3 460.104 51 �	��
 � 
 � 
 � � � � �	��
 � 
 � 
 � � � E1,
(4) (9) (70) (6) E2

467.413 11.5 467.815 39
(6) (4) (90) (6)

471.581 9.7
(8) (6)

472.102 10.1 471.86 17
(10) (5) (20) (5)

487.176 26.6 487.109 41 �	��
 � 
 � � � � � � �	��
 � 
 � � � � � M1
(6) (6) (90) (8)

492.744 4.2 494.85 14
(79) (9) (20) (7)

496.818 2.1 496.35 21
(40) (3) (15) (7)

Commentsto Table2:�
The largestobserved ICC valueanda list of otherelectronlines observed for this

transitionaregiven; in somecasesonly observedshellsarelisted.For transitionenergies
above184.6keV theICC valuesarereevaluatedwith respectto earlierdata[19].�

The largestobserved conversioncoefficient is given; for 34.8 keV transition– ob-
servedshells.�

Themultipolarity givenhereis deducedfrom the ICC valuesobtainedin Rigamea-
surements,unlessthey contradictthedataobtainedatGrenoble(compareTable3).�

The � -rayenergiesandintensitiesmeasuredin Gatchina.�
The � -rayenergiesdeducedfrom Grenobleconversionelectrondata[8].�
Themultipolaritiesbasedonsubshells.�
E1followsfrom Rigadata,E2 from Grenobleresults.�
For conversionelectronlinesobservedasdoublets,themultipolaritiesareevaluated

approximately.
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2.3. Conversionelectronmeasurements(Riga& Grenoble)

The internalconversionelectronspectrumfrom thermal-neutroncapturein # $ % Ir was
studiedwith themagneticbeta-spectrograph[22], installedat thetangentialchannelof the
IRT reactorat thePhysicsInstitute(now theNuclearResearchCenter),LatvianAcademy
of Sciences,in SalaspilsnearRiga.Thetargets,locatednearthereactorcore,wereexposed
to a neutronflux of & ' (*),+ - # . n cm/0. s/1# . The targetsconsistedof enrichedmetallic
iridium evaporatedonaluminiumfoils 0.74 2 m thick. The # $ % Ir targetshadanenrichment
of 98.1%,andtheir thicknesseswere0.08and0.12mg cm/0. . Themomentumresolution
was0.40%and0.06%for 25and202keV electrons,respectively.

The spectrumwasregisteredbetween16 and420 keV. The transitionsat 84.28keV,
M1+18.8(6)%E2,andat 112.23keV, M1+60.0(37)%E2,wereusedfor electronintensity
normalizationwith respectto the 3 -intensityscale.The multipolaritiesweredetermined
from the intensity ratios of the L # -, L . - and L % -lines. We usedthe theoreticalinternal
conversioncoefficients(ICC) of HagerandSeltzer[23]. The observed conversionlines
haveresultedin theICC andmultipolaritiesreportedin Table2. Theexperimentalconver-
sioncoefficients,aswell asthetheoreticalvaluesfor themultipolesof interest,have been
publishedin a separatereport[19].

Conversionelectronsfollowing neutroncapturewereobserved from 15 to 1500keV
with the spectrometerBILL [24] at ILL. The targetswere50 2 g cm/0. thick andwere
enrichedto 99.5%in # $ % Ir. Theneutronflux was &4)�+ - # 5 n cm/0. s/1# . A partialevalu-
ation of thesedatacanbe found in Table2. In general,the dataof Simonova et al. [19]
(in their reevaluatedform) agreesatisfactorily with the resultsof theGrenoblemeasure-
ments.Therearea few exceptionswherethehigherresolutionof theBILL spectrometeris
essential,alsofor relatively intensive lines,anexamplebeingthe152.4keV transition.

Themultipolarity mixingsobtainedfrom thesubshelldataof Grenobleresultsfor 29
intensive transitions,are listed in Table 3. The completeBILL spectrometerdata in a
compactform arepresentedin Ref.8.

2.4. Si(Li) detectormeasurementsof low-energy 6 -rays,andpromptand
delayed6 -6 coincidences(Gatchina)

The thermalneutron-capture3 -ray spectrumwas measuredat the GatchinaVVRM
reactorin theenergy interval 7–85keV. A metallic targetwith a 93%enrichmentin # $ % Ir
was exposedto an external thermalneutronbeamlike the one usedin the coincidence
measurementsreportedfor # $ . Ir [1]. Theself-absorptionintensitycorrectionswere50%
for 23 keV, 30%for 40 keV and10%for 60 keV. Theintensityscalewascalibratedwith7 8

(43.1keV) takenfrom Ref.18.

All coincidencemeasurementswith # $ 5 Ir wereperformedwith theexperimentalsetup
describedin the # $ . Ir paper, Ref.1.

In the prompt 3 -3 coincidenceexperiment,the target consistedof 20 mg metallic# $ % Ir powder, enrichedto 98%. The spectrometerfor thesemeasurementsconsistedof
two HPGe-Ge(Li)planardetectors.Thewindow of thedifferentialdiscriminator

FIZIKA B 7 (1998)1, 15–36 25



BALODIS ET AL .: STUDY OF 9 : ; IR VIA THERMAL NEUTRON CAPTURE . . .

TABLE 3 (this andoppositepage).Relative experimentalandtheoreticalconver- in < = > Ir,
measuredwith spectrometerBILL in Grenoble.Intensitiesof ? -rays(col.

@BA C A
K D < DFE D�G H <

(keV) (rel.)
22.309 100(3)

100
27.944 100(4) 14.3(7)

100 14.71
29.890 38.9(25) 100(2)

48.54 100
34.527 100(2) 7.2(5) 30.0(13)

100 9.90 1.10 22.78
34.829 100(2) 5.9(2) 58.2(16) I J K J L J J M N

100 6.96 47.39 25.76
35.750 100(2) 39.7(19) 28.9(11) 23.9(9)

100 42.13 37.11 22.81
39.217 74.9 100(2) 8.5(3) 1.20(4) 24.0(13)

100 10.05 1.25 22.81
41.166 1.15(17) 66.4(2) 100(2)

1.43 92.00 100 0.40
43.119 335.8 100(2) 10.3(3) O K J P L J Q M N 22.9(7)

100 10.46 1.69 22.79
54.404 100(2) 20.5(9) 7.2(4) O R K Q L J I M N

100 11.31 2.59 22.66
56.844 100(2) 12.1(5) 21.7(12)

100 12.54 3.83 22.67
62.793 14.2 100(2) 9.6(3) I R K S L J O M N O R K S L S M N

100 9.68 33.61 25.06
64.647 J Q Q L R M P K S L J O M N Q K S O L J O M N 19.4(14)

100 9.77 1.04 22.71
82.339 216.2 100(2) 11.3(5) 5.4(7) 22.8(10)

100 12.83 3.81 22.81
84.288 499.4 100(2) 68.8(31) 58.3(26) 23.0(10)

100 72.73 58.14 22.89
95.575 346.5 J Q Q L O M N O J K I L P M N O K S S L J I M N 0.64(13) R K Q L O M N

100 14.84 2.41 0.99 3.37
109.400 26.4 64.9(29) 11.0(5) 100(2) T P L U M N 10.4(24)

66.58 8.07 100 82.96 1.96
112.23 870.5 100(2) O VWK S L S M N 66.1(19) R O K VWL J P M N 8.2(4)

100 13.94 45.17 36.43 3.22
115.473 202.3 100(5) 17.7(10) 2.07(9) 4.35(12)

100 14.84 1.76 0.41 3.37
117.880 185.6 100(5) 20.0(11) 2.5(2) 4.0(3)

100 14.83 2.00 0.60 3.37
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sion coefficientsfor []\ ^F_ \ ^F` \ ^Fa \ b�_ \ b�` \ b�a \ cd_ and ce` f a subshellsof transitions2)
aregivenfor linesmeasuredwith GAMS spectrometers.

gFh b�` b�a cd_ cd` f a Multipolarity
(keV)
22.309 i j k l m n o p 1.5(2) 14.6(4) M1

10.72 1.22 30.17 3.59
27.944 14.6(8) 17.8(10) i k q m l o p 6.52(10) M1+6.3(6)%E2

22.51 25.31 4.35 14.94
29.890 16.1(5) 10.2(6) 18.8(6) 4.5(8) M1+0.49(5)%E2

20.03 12.26 29.29 9.79
34.527 l k r m l o p 3.9(3) M1

2.44 0.27 6.60 0.78
34.829 r k sWi m i l o p 15.4(4) 8.3(2) 4.7(2) M2

2.03 12.75 8.14 4.55
35.750 13.4(9) q k l m q o p 4.2(10) M1+2.5(2)%E2

10.39 9.43 6.59 5.95
39.217 4.6(5) 0.20(4) 5.02(14) M1+0.014(6)%E2

2.48 0.31 6.55 0.79
41.166 20.9(8) 25.8(7) 14.4(16) E2

22.77 25.52 0.13 14.30
43.119 2.48(7) j k r q m r o p 5.54(16) 0.68(3) M1+0.064(11)%E2

2.58 0.42 6.50 0.86
54.404 r k t m r o p j k r t m t o p 7.9(7) 1.9(3) M1+0.26(4)%E2

2.81 0.66 6.34 0.97
56.844 2.9(4) t k j m s o p M1+0.5(2)%E2

3.12 0.97 6.30 1.14
62.793 r k u m l o p 11.9(3) n k q m l o p 3.5(4) M2

2.63 9.00 7.27 3.30
64.647 5.6(6) 6.7(4) M1

2.44 0.26 6.22 0.74
82.339 4.8(4) 8.1(5) M1+1.1(2)%E2

3.21 0.98 6.21 1.15
84.288 18.5(8) 16.3(7) n k j m r o p 9.9(10) M1+19.7(8)%E2

18.16 15.05 6.24 9.17
95.575 0.93(8) 0.75(13) 1.26(5) M1+3.0(3)%E2

0.60 0.25 0.92 0.24
109.400 27.0(32) 26.2(19) 13.9(28) E2

25.03 21.52 0.54 12.74
112.23 17.9(5) 14.8(4) 1.42(17) 8.23(23) M1+72.9(21)%E2

11.31 9.46 0.88 5.66
115.473 1.0(4) M1+1.4(4)%E2

0.44 0.10 0.92 0.15
117.880 1.43(9) M1+2.5(7)%E2

0.50 0.15 0.91 0.18
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Table3. (continued)

yBz { z
K |F} |F~ |�� �,}

(keV) (rel.)
123.845 434.9 100(5) 18.0(10) 2.01(11) 4.08(22)

100 14.82 1.73 0.38 3.36
132.883 75.6 100(6) 20.4(13) 54.6(35) 45.0(28)

100 12.85 55.53 42.46 2.97
138.686 348.4 100(6) 17.2(11) 32.4(20) 23.9(15) � � � �W� � � � �

100 13.82 25.85 18.96 3.17
148.934 615.8 100(7) � � � � � � � � � � � � � � � 62.5(46) 4.4(5)

100 11.58 70.36 52.00 2.69
152.405 158.1 100(7) 25.8(26) 82(9) 58.4(43) 12.8(18)

100 11.60 67.03 49.13 2.69
160.825 145.7 100(9) 14.4(16) � � � � � � � � � � � � � � � � � �

100 13.68 22.09 15.29 3.13
160.996 180.7 100(15) 18.8(28) 5.4(10) � � � � � � � 4.6(8)

100 14.61 4.47 2.37 3.34
184.687 395.7 100(6) 20.0(13) 76.5(48) � � � � � � � � � 5.1(6)

100 11.92 46.18 31.28 2.72
195.519 89.9 100(10) � � � � � � � � � 61(7) 39.8(46)

100 12.02 41.63 27.47 2.74

* Intensityof admixturelineswassubtracted.

wassetsuccessively ondifferenttransitionsandnearbyregionsof the � -spectrumin order
to subtractthebackground.Theresultsof � -� coincidencemeasurementsarepresentedin
Table4. Energiesof the “gate” lines aregivenandthe “display” indicatesthe transition
energiesobservedwith theGe(Li) detector. Preciseenergies,taken from theGAMS data
(Table 2), are given in the third column. The initial and final states,connectedby the
transitionobservedin thecoincidencespectra,areshown in thelasttwo columns.

In orderto searchfor isomeric� -transitionswith energiesbetween30and500keV, an
energy-timeexperimentwasperformedin therangefrom 5 to 3000ns.Oneof theGe(Li)
detectorswasreplacedby anorganicscintillator. Signalsfrom thatdetector, corresponding
to
yBz,� � � � MeV, wereusedto start the time-to-amplitudeconverter, while the HPGe

signalsstoppedit. The resolvingtime of the systemwasabout15 ns at
yFz

(HPGe)= 50
keV. No new isomerictransitionof interestwasdiscoveredin thisexperiment.

A searchwasmadefor transitionspopulatingthe � } � ~e� � � � � � ms,147.1keV �1� �� � isomeric level. The aim of this experimentwas to discover positive pa- rity states
connectedto thatlevelby � -transitions,whichareexpectedto beof M1 or E2multipolarity
in mostcases. Theisomericstateis depopulated (seeFig. 1) by
two stronglyconvertedM2 transitionswith energiesof 34.8and62.8keV to the84.3and
112.2keV � � states.Thelatterdecayto thegroundstateby theM1+E2
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(thisandoppositepage)

�F� ��� ���  4¡  e� ¢ �
Multipolarity

(keV)
123.845 0.70(8) M1+1.4(4)%E2

0.43 0.097 0.91 0.14
132.883 13.6(10) £ ¤ ¥ ¦ § £ ¨ © ª ¨W¥ ¦ § « © ª M1+88.5(23)%E2

13.91 11.05 0.80 6.65
138.686 ¬ ¥ £ § « © ª ­ ¥ ® ­ § ¨ ® © ª 1.4(2) 3.9(4) M1+67.8(23)%E2

6.48 4.94 0.84 3.02
148.934 22.7(16) 18.8(14) 11.6(15) E2

17.67 13.54 0.71 8.20
152.405 21.7(25) 17.2(28) 7.2(14) E2

16.84 12.79 0.71 7.77
160.825 9.7(12) ® ¥ ¤ § £ £ © ª 1.77(34) M1+71(7)%E2

5.56 4.21 0.82 2.49
160.996 2.5(6) £ ¥ ¯ ­ § ¯ « © ª 1.25(24) M1+20(4)%E2

1.12 0.62 0.88 0.46
184.687 17.6(12) £ ¯ ¥ ° § ¯ ® © ª 3.9(9) E2

11.62 8.14 0.71 5.14
195.519 9.9(21) ® ¥ « § £ £ © ª ­ ¥ ¬ § £ ° © ª E2

10.46 7.15 0.71 4.58

Fig. 1. Partial level schemeof
¡ ± ²

Ir.
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TABLE 4. Resultsof the ¶ - ¶ coincidenceexperiments.

(A) Prompt¶ - ¶ coincidences
Gate Display · ¸B¹ (keV) ¸Bº (keV) ¸B» (keV)¸B¹ ¼ (keV) ¸B¹ ½ (keV)
43.1 92.8(5) 93.166 254.2 161.0

95.3(3) 95.575 138.7 43.1
115.1(3) 115.473 254.2 138.7
117.1(3) 117.880 161.0 43.1
152.1(3) 152.405 195.5 43.1
181.0(3) - - -

(226.9(3)) 226.639 309.0 82.3
(275.4(3)) 275.292 436.3 161.0
340.8(3) 340.813 501.8 161.0
371.0(3) - - -
418.4(3) - - -

84.3 161.5(3) 160.825 245.1 84.3
282.9(3) - - -
338.2(3) - - -
342.2(3) - - -

112.2 121.9(3) - - -
129.3(3) - - -
132.8(3) 132.883 245.1 112.2
165.2(3) 165.448 419.6 254.2
234.6(2) 234.817 347.0 112.2
245.5(3) - - -
264.8(2) 264.744 376.97 112.2

123.8 99.9(4) 100.353 ¾ ¿ À Á ¾ Â 270.9
(129.5(5)) 129.571 Ã Ä Å Á Æ Â 413.0
136.4(4) 136.100 Ä Ç ¿ Á Ç Â 270.9
153.3(5) 152.960 Ã Å ÄWÁ Å Â 371.3
249.3(3) 248.599 Ã À È Á Ã Â 270.9
271.7(3) 271.676 Ã Ä Å Á Æ Â 270.9

148.9 138.9(2) - - -
145.4(2) - - -

(189.5(2)) - - -
(204.9(3)) - - -

152.4 117.5(3) 117.880 161.0 43.1
153.0 139.0(3) - - -

(184.7(3)) - - -
216.5(3) - - -
218.9(3) - - -
241.4(3) - - -

184.7 460.3(3) - - -
278.5 145.2(3) 145.221 423.7 278.5
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Table4. (continued)
(B) DelayedÌ -Ì coincidencesÍ

Gate Display Î ÏBÐ (keV) ÏBÑ (keV) ÏBÒ (keV)ÏBÐ Ó (keV) ÏBÐ Ô (keV)Õ Ö
K X-rays 100.4 100.353 × Ø Ù Ú × Û 270.9

123.8 123.845 270.9 147.1
129.6 129.571 Ü Ý Þ Ú ß Û 413.0
142.1 142.119 ÝWÙ × Ú à Û 270.9
271.5 271.676 Ü Ý Þ Ú ß Û 270.9
371.5 371.502 518.6 147.1

á
SeeTable2.â
Theselevelsareincludedin thelevel schememainlyon thebasisof coincidencedata.ã
This experimentwasmadein orderto searchfor the populationof the 32 ms isomericstate.

Thedisplayshows theenergiesof lines(in keV) detectedin theHPĠedetector.

transitionswhoseK-conversioncoefficientsare10.3and3.8, respectively. The Ir K ä X-
rays,whichaccompany thedecayof theseÞ å states,wereusedin thisexperimentto select
isomericdecayprocesses.Themeasurementswereperformedwith theHPGedetectorand
aNaI(Tl) scintillator. Thewindow of adifferentialdiscriminatorwasseton thepartof the
NaI(Tl) Ì -ray spectrum,correspondingto theK X-ray line. A part of this line is related
to K-conversionof the84.3and112.2keV transitionsandis delayedwith respectto theÌ -raysregisteredin theHPGedetector.

The Ì -spectrum,gatedby K X-ray eventselectronicallydelayedby 5 to 75mswith re-
spectto pulsesfromtheHPGedetector, wasstoredin themultichannelanalyzer. In orderto
minimizethechance-coincidenceevents,thetwo detectorswereplacedascloseaspossible
to a metallic Ó æ ç Ir targetof a few milligrams,andtheneutronbeamwasdiaphragmedbyè
LiF. Thecountingratesin thedetectorsdid notexceed200counts/s.Chancecoincidences

weretakeninto account.
The Ì -transitionslisted in thesecondpartof Table4 areobservedto populatethe32

ms isomericstate.The displayof both partsof Table4 is similar. From theseresultsit
is possibleto constructsystemof positive parity levelsnot observedin the (d,p) reaction
and/orvia theprimaryneutroncapturespectrum.

2.5. Thereactioné ê ë Ir(d,p)é ê ì Ir (Munich)

The Ó æ ç Ir(d,p) reactionspectrumwasmeasuredat theTandemAcceleratorof theUni-
versity and TechnicalUniversity of Munich in Garching.The target consistedof Ó æ ç Ir
enrichedto 98%.It hadanareaof Ùîí*Ý ïdï Ô andits thicknesswas35 ð g cmå Ô ona5 ð g
cmå Ô thick carbonbacking.A deuteronbeamof energy ÏBñóòôÞ Þ MeV wasused.

Protonsweredetectedin a gas-filledlight-ion detector[25] in the focal planeof the
high resolutionQ3D spectrograph[26]. After theentrancefoil, anincidentparticlepasses
a multiwire proportionalchamber, consistingof two anodewiresbetweena cathodeplane
foil and a cathodestrip foil. The energy-losssignal is obtainedfrom the anodewires.
The particle is stoppedin a plasticscintillator which yields the rest-energy signal. The
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typeof the incidentparticlecanbe identifiedby combiningtheenergy losswith therest-
energy signal.Energy of theparticleis determinedby its positionin thefocal planeof the
spectrograph.Uncertaintyof the intrinsic positionis lessthan0.1mm. Dependingon the
magneticfield of the spectrograph,relative energiescanbe determinedto a precisionas
goodas0.1keV.

For protons,angulardistributionsat four anglesfrom ø ù ú to û ù ú weremeasured.The
elastic-scatteringlinewasobservedbyasolid-statemonitordetector. Intensitiesof thelines
in the positionsensitive detectorwerenormalizedusingdatafrom the monitor counter.
Weightedmeanvaluesfor level energiesandtheir errorswerecomputedfrom thedataat
all four angles.Theresultsarelistedin Table5.

3. Discussion

A level scheme,basedon theabovedescribedresultsaswell ason thecomplementary
experimentalresults,is presentedin Ref. 8. Theattempthasbeenmadeto interpretethis
level schemein termsof the rotor-plus-two-quasiparticlesmodel,for all levelsup to the
340keV excitationenergy andfor a few higher-lying levels.

Here,wepresentonly a partial level scheme(seeFig. 1). This level schemeillustrates
mainly theuseof theresultsof Table2. Themultipolaritiesandspinsshown in Fig. 1 are
basedontheRiga-Salaspilsconversionelectronspectra.In afew cases(e.g.,the152.4keV
line), multipolaritieswereupdatedwith regardto theGrenobleresults.

From the data on neighbouringnuclei ü ý ü Ir, ü ý þ Ir, ü ý þ Os, a numberof low-lying
negative-paritybandswith ÿ�� ù � � � ø and3, andalsoa few positive parity bandsare
predictedin ü ý � Ir. They arebuilt on theNilssonprotonorbits � � ø �	� 
 ù ø � , � � ø ��� 
 ù ù � and� � � ø 
	� û ù û � , andneutronorbits � � ø 
�� û � ø � , � � ø 
	� û � ù � and

� � � ø ��� � � û � . Thedetailedanal-
ysisof all obtainedresults(seeRef.8) allowedtheidentificationof 9 negativeparitybands,
or bandheads,and3 positive parity bandheads,including the 518 keV ø � bandhead,
probablyrepresentinga � -vibrationon the147.0keV 
 � level.

Odd-oddnuclei can be describedwithin the framework of the interactingboson-
fermion-fermionmodel (IBFFM) [27–31], which couplesthe valence-shellproton and
neutronquasiparticlesto the even-even core describedin the interactingbosonmodel
(IBM) [32]. ThecorrespondingcomputercodeIBFFM [33] allows thecalculationof en-
ergy spectra,electromagneticproperties,spectroscopicstrengthsin transferreactionsand
spectraldistributions.Recently, suchcalculationswereperformedfor thelow-lying (up to
0.5 MeV) negative parity levels in ü ý � Ir andfor their (d,p) spectroscopicstrengths[12].
Thebosoncorewasfitted to thelow-lying levelsof theeven-evennucleusü ý � Pt usingthe
O(6) limit of IBM which is applicablein the Os-Ptregion [34–36]. Then,in analogyto
thepreviouscalculationfor ü ý � Ir [1], theO(6) parameterswererenormalizedto the total
bosonnumber����
 . Thefull accountof thesecalculationsonecanfind in Ref.8.
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TABLE 5. Level excitation energies and relative differential cross-sections(in relative
units)observedin the � � � Ir(d,p) � � � Ir reaction.

��� �  ! �"� �  # $&% # ')(*��+),.- -
MeV

(keV) (keV)
- / 0 1 / 0 2 / 0 3 / 0

0.10 0.16 168(13) 133(13) 98(13) 55(5)
43.06 0.16 138(11) 118(14) 89(12) 50(5)
83.88 0.08 975(70) 850(70) 560(60) 343(24)

112.22 0.08 955(60) 685(60) 555(60) 333(23)
138.4 0.3 203(20) 137(18) 62(12) 5
148.75 0.13 610(40) 430(40) 340(40) 193(17)
161.14 0.13 490(40) 448(40) 314(37) 179(17)
192.70 0.10 20 18(5) 10 10(3)
244.4 0.4 89(15) 63(9) 47(10) 30(5)
255.1 0.3 106(16) 77(11) 54(11) 37(6)
278.74 0.12 475(40) 303(28) 345(40) 208(16)
296.34 0.10 1030(70) 570(50) 565(60) 287(21)
311.6 0.4 103(16) 70(10) 58(11) 37(7)
337.4 0.4 195(30) 118(19) 114(19) 62(11)
346.76 0.19 455(50) 370(40) 240(31) 156(16)
376.76 0.11 1010(70) 740(60) 645(70) 359(26)
393.0 0.12 20 18(8) 16(7) 11(5)
422.15 0.16 306(23) 204(19) 145(24) 87(8)
433.9 0.4 66(9) 31(7) 33(6) 27(21)
467.7 0.4 33(5) 28(5) 23(7) 17(4)
489.55 0.18 195(12) 114(9) 90(11) 64(6)
501.9 0.3 75(8) 41(6) 34(6) 22(7)
522.5 0.4 68(7) 17(3) 10(3) 9(2)
545.37 0.16 217(13) 119(9) 105(11) 62(5)
557.8 0.5 39(7) 19(4) 20(5) 11(4)
572.4 0.7 15 23(7) 33(10) 5
578.97 0.23 94(15) 94(8) 61(14) 46(8)
591.9 0.4 15 39(5) 27(5) 12(3)
605.73 0.17 48(10) 64(6) 44(7) 25(3)
619.9 0.4 14(5) 63(6) 38(5) 22(4)
639.55 0.21 38(5) 74(7) 54(6) 28(10)
656.42 0.22 78(10) 77(8) 49(6) 29(4)
667.5 0.4 51(7) 66(7) 46(6) 23(7)
677.49 0.23 80(8) 94(9) 56(7) 49(4)
694.5 0.5 11(4) 31(4) 29(6) 11(2)
707.7 0.4 36(5) 40(5) 29(7) 17(6)
719.1 0.4 31(4) 26(4) 25(6) 18(2)
746.3 0.3 X 50(6) 58(12) 40(5)
759.0 0.3 X 56(7) 80(15) 54(6)
772.6 0.4 X 41(6) 23(6) 32(4)
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Table5. (continued)7�8 9 : ; 7"8 9 : < =&> < ?)@ 7"A)B�C C
MeV

(keV) (keV)
C D E F D E G D E H D E

799.7 0.8 X 11(3) 35(12) 10
808.7 0.3 188(19) 88(10) 70(15) 83(15)
819.2 0.3 X 68(9) 74(14) 85(16)
834.2 0.9 X 15(4) 11(4) 10
853.8 0.4 X 27(5) 28(8) 41(9)
872.4 0.3 X 63(13) 72(14) 36(10)
879.4 0.6 X 45(12) 38(11) 52(12)
888.00 0.14 X 10(4) 10 13(4)
897.4 0.5 X 34(5) 28(8) 21(6)
908.2 0.6 10 17(4) 18(6) 17(4)
921.2 0.5 10 17(3) 10 19(4)
934.0 0.8 10 20(6) 12(4) 7(3)
948.11 0.18 283(21) 283(23) 141(20) 149(14)
965.9 0.7 10 31(7) 22(6) 12(4)

1001.2 0.4 31(6) 55(8) 30(7) 30(6)
1029.6 0.23 171(14) 130(14) 90(14) 85(10)
1044.5 0.8 10 27(7) 21(7) 12(5)
1062.5 0.4 55(7) 42(6) 44(9) 27(6)
1074.0 0.3 145(13) 114(12) 88(14) 75(9)
1087.5 0.3 88(11) 54(9) 65(11) 39(7)
1095.6 0.7 54(9) 25(7) 10 10
1105.8 0.4 44(9) 41(5) 43(9) 34(6)
1115.2 0.6 72(11) 40(6) 10 10
1122.1 0.4 46(9) 35(5) 45(9) 25(6)
1134.5 0.4 83(8) 55(6) 43(9) 21(5)
1146.7 0.3 88(8) 58(6) 42(9) 35(6)
1161.7 0.3 85(8) 24(6) 48(9) 45(7)
1179.6 0.3 53(6) 37(4) 30(6) 34(6)
1198.10 0.24 223(20) 117(11) 107(15) 95(11)
1211.1 0.6 79(13) 51(7) - 32(8)
1222.7 0.4 111(6) 81(9) - 79(11)
1234.6 0.6 60(14) 37(6) - 24(6)
1249.8 0.5 58(16) 41(6) - 57(8)
1258.0 0.9 34(15) 59(7) - -

4. Conclusions
The results presentedhere on the measurementsof the I J K Ir(nL M @ NPO I J Q Ir andI J K Ir(d,p)I J Q Ir reactionsrepresenta partof dataobtainedin a largercollaboration.They

includedetailsimportantfor theconstructionof the level schemeandfor theassignment
of the spinsandparities.Sincethemainpaper[8] is alreadyvery long, this information
is publishedseparately. The factorssupportingpublicationof thesedataare: (i) isotopic
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identificationof the lines detectedin the Fribourg-WuerelingenandRiga-Salaspilsmea-
surementsshows with high certaintythat they aredueto U V W Ir, andnot U V X Ir from double
neutroncapture;(ii) theearlier(nY Z [ \ ] ^ _a` measurements,althoughlesssensitive,present
somewhatmorereliable \ -intensityscalefor intensive low-energy transitionsbetween43
and112keV.

Thegoodagreementobservedbetweenthedatatakenin WuerenlingenandGrenoble
indicatesthatthereareno systematicerrorsandthatthequoteduncertaintiesarerealistic.
This is notquiteobviousfor suchcomplicatedspectra.We notea few discrepancieswhich
canbeexplainedby thedifferencesin energy resolution.
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PROUČAVANJE e f g Ir UHVATOM TERMIČKIH NEUTRONA I (d, p) REAKCIJOM

Proǔcavala su se stanjau e f g Ir reakcijama e f h Ir(n, i ) i e f h Ir(d, p). Mjerenja uhvata
termǐckih neutronanǎcinjenasu uz reaktoreu Grenoblu,Wuerenlingenui Salapsisu.Za
mjerenja i -zrǎcenja visoke energije upotrebljavao se spektrometarparova, a za niske
energije difraktometar. Konverzijske elektronese mjerilo magnetskimspektrometrom.
Mjerenjareakcije(d,p) visokograzlǔcivanjaizvedenasumagnetskimspektrometrom.Us-
poredbetih mjerenjaomogúcile supouzdanoizotopnoprepoznavanjeprijelazau e f g Ir, a
spektrikonverzijskihelektronai odredivanjemultipolnostiprijelaza.Dobiveni su podaci
osnovashemeraspadae f g Ir.
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