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TILL von EGIDY � , WERNERSCHAUER� , CHRISTIAN DOLL � , HANS-FRIEDRICHWIRTH � ,

ASTRID GOLLWITZER
 , GERHARDGRAW 
 ,
RALF HERTENBERGER
 andBERNHARDVALNION 

� NuclearPhysicsInstitute, 25068 Řěz,Czech Republic

� Physik-Department,TechnischeUniversität München,D-85748Garching, Germany

 SektionPhysik,Universität München,D-85748Garching, Germany

Received2 December1998;revisedmanuscriptreceived18 May 1998
Accepted24June1998

Single � -ray spectraand ��� -coincidences,following thermalneutroncapturein
� � �

Te,
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Intensitiesof � transitionsin
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Te werenormalizedusingtheabsoluteintensityof 7.8%

of the6620keV line in � 
 Cl. Thehighresolution(d,p)measurementswereperformedwith
17 MeV deuterons,usingtheQ3D spectrographat two scatteringanglesof � � � and � � � .
Spectrawererecordedin the rangeup to 3.3 MeV andcalibratedusingtheprotonpeaks
with l=1, and the correspondinglevel energiesweredeterminedin the thermalneutron
capturereaction.The( � He,��� experimentwascarriedout with a 32 MeV He beamat the
angleof � � � . Thespectrumwasrecordedin onerunby meansof alargedetectorin arange
up to approximately4.7MeV. Theabsoluteintensitiesweredeterminedby measuringthe
totalbeamcurrent.
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1. Introduction

TheTe nucleiwith only two protonsbeyondtheclosedshell ���� ! , spanthewide
neutronnumberregion "#�$ !&%(' ) ( *+�-, , )&%., / 0 ), allowing to investigatetheevolu-
tion of themainnuclearstructuresif thenumberof valenceneutronis graduallychanged.
Oneof them,the 1 2 3 Te nucleus,hasbeeninvestigatedin thepastby variousexperimental
methods[1]. In spiteof thewide rangeof reactionsemployedin thepreviousstudies,an
insufficient accuracy andan incompletenessof datapreventa comprehensive analysisby
moderntheoreticalmodels.In particular, verylittle isknownonelectromagnetictransitions
betweenexcitedlevelsabove0.73MeV. In thisconnection,it is interestingto notethesur-
prisingly largecross-sectionof the58d 1 2 3 4 Telong-livedisomerpopulatedby the 5 6�7 698 :
reactionthroughtheunknown doorway statesat about4 MeV excitationenergy [2]. This
curiouslylargevaluecouldbeinterestingfor possiblepumpinga 6 -ray laser[3]. In order
to obtaina completelevel schemeup to severalMeV excitationenergy, we performedthe
complex experimentalstudyof thisnucleusby the(n,69: , (d,p)and( ; He,<�: reactionswith
greatlyimprovedresolutionandsensitivity. Thepresentthermalneutroncapture6 -rayand
6�6 -coincidencestudieson 1 2 3 Te wereperformedfor thefirst time. Somepreliminaryre-
sultswerepublishedin Ref. 5. In orderto preserve thesuperiorquality andcompleteness
of theaccumulateddatafor furtheranalysisandcomprehensive theoreticalinterpretation,
we decidedto collect all thesedatain a separateissue.Theexperimentaldatapresented
herecould be alsousefulfor otherapplicationsincludingvariousnucleardatafiles. The
constructionandinterpretationof thelevel schemeof 1 2 3 Te will bepublishedlater[6].

2. Thermalneutroncapturestudies

Single6 -rayspectraand6�6 -coincidences,following thermalneutroncapturein 1 2 = Te,
weremeasuredwith semiconductordetectorsat the light-waterreactorLWR-15 at Řěz.
Thetargetconsistingof 1.2g of metallicTe,enrichedin 1 2 = Teto 92.4%,wasirradiatedby
thermalneutronsfrom a 6 m long neutronguide[4]. Thebeamwascollimatedto anarea
of 2.5mm > 25mmbeforehitting thetarget.Thethermalneutronflux at thetargetposition
was1 >?, ! @ cmA 2 sA 1 .

Single6 -rayspectraweretakenwith a22%HPGedetectorwith aresolutionof 2.0keV
at the1332keV @ B Co line and4.8keV at 6534keV overall periodsof measurement.The
detectorpulseswereprocessedwith standardNIM electronicsandstoredin aPC.Thecen-
troid positionsandpeakareaswereobtainedby meansof a computerprogramin which
thepeakshapewasassumedto begaussian,with a tail on thelow-energy side.The low-
energypartof thesinglespectrumis shown in Fig.1. For calibrationpurposes,anauxiliary
measurementhasbeenperformedwith a mixedTe-Cl target.Theenergy calibrationwas
madewith well-known low-energy transitionsin 1 2 3 Te [1], 6 -raysfrom the ; 3 Cl(n,69: re-
action[7] andprominentbackgroundlinesof 2 H and @ B Co. Intensitiesof 6 -ray transitions
in 1 2 3 Tewerenormalizedusingtheabsoluteintensityof 7.8%of the6620keV line in ; @ Cl
[7]. A systematicerrorof 20%in thedeterminationof absoluteintensitiesin 1 2 3 Te is con-
nectedwith theuncertaintyof thecapturecross-sectionof 1 2 = Te [8]. In orderto identify
the 6 -raysbelongingto the 1 2 ; Te(n,69: reaction,a separaterun with a naturaltellurium
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targetwasperformed.All F -raysassignedto G H I Te with a possibleplacementin the level
schemearelistedin Table1.

Fig. 1. Thepartof thesingleF -rayspectrumfrom thereactionG H J Te(n,F ) G H I Te. Thepeaks
aremarkedby transitionenergiesin keV.

TABLE 1. Gammaraysfrom thermalneutroncapturein G H J Te.

KMLN OQPSRR
T KMUV

(keV) GW G X X Y Z (%) (keV)
176.30(5) 4.38 1.4 321.11
191.43(5) 0.15 2.1 729.22
204.14(4) 1.64 0.9 525.31
208.09(5) 0.09 3.4 671.43
227.91(5) 0.05 3.8 671.43
247.67(5) 0.40 1.3 1319.53
261.42(7) 0.04 7.9 786.72
264.34(12) 0.02 16 1319.53
265.88(7) 0.04 7.5 1319.53

KMLN OQPSRR
T KMUV

(keV) GW G X X Y Z (%) (keV)

285.37(5)[ 0.50 3.0 1071.65
729.22

321.06(6) 0.10 3.9 642.21
326.99(9) 0.04 11 –
346.34(8) 0.05 10 1017.71
377.46(22) 0.08 33 1699.93
380.44(5) 7.74 0.7 525.31
387.97(15) 0.02 20 –
394.63(9) 0.04 10 –
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Table1. (continued)_M`a bQc�dd
e _Mfg

(keV) hi h j j k l (%) (keV)
403.86(9) 0.13 12 1133.11
408.04(5) 5.19 0.5 443.53
411.55(22) 0.05 33 1053.76
427.85(5) 6.36 0.5 463.34
443.53(5) 8.82 0.6 443.53
449.82(9) 0.03 12 1092.4
455.40(10) 0.02 13 –
461.69(5) 0.35 1.7 1133.11
463.35(5) 2.30 0.3 463.34
465.55(5) 1.15 0.5 786.72
488.42(13) 0.02 24 –
490.94(6) 0.06 5.1 1133.11
497.35(17) 0.04 26 1133.11
502.30(5) 3.33 0.4 537.79
516.69(18) 0.04 26 1053.76
519.28(11) 0.03 19 (1652.50)
528.63(5) 0.42 1.4 1066.42
532.82(5) 0.45 3.1 1319.53
535.81(6) 0.27 4.8 1322.42
537.79(5) 5.83 0.4 537.79
546.56(5) 3.14 0.6 1071.65
554.39(5) 0.20 2.5 1017.71
556.73(5) 0.13 4.0 1766.45
561.71(10) 0.04 14 –
566.86(6) 0.08 4.9 1699.93
571.37(6) 0.09 5.3 1242.94
574.17(5) 0.44 1.1 1017.71
580.44(7) 0.04 10 (1652.53)
585.88(9) 0.04 11 (1652.53)
590.39(5)m 0.75 0.9 1053.76

1319.53
593.58(7) 0.09 7.0 1265.16
595.78(5) 0.13 7.6 1133.11
600.58(5) 1.77 1.2 636.07
606.70(5) 1.08 1.6 642.21
610.22(5) 0.94 1.8 1053.76
616.21(13) 0.03 15 –
22.88(5)m 0.59 1.4 1066.42

1832.32
626.47(21) 0.03 26 1759.49
628.08(5)n 0.37 1.9 1699.93
635.91(5) 4.15 0.8 671.43

_M`a bQcSdd
e _Mfg

(keV) hi h j j k l (%) (keV)
641.85(5) 0.68 1.2 786.72
648.01(9) 0.04 9.1 1319.53
671.43(5) 0.66 0.9 671.43
684.40(6) 0.15 4.1 1209.73
686.67(8)m 0.07 7.5 1357.53

2009.33
693.72(5) 5.73 0.6 729.22
701.58(5) 0.15 3.4 1911.1
704.94(5) 0.21 2.3 1242.94
716.24(15) 0.03 19 1357.53
721.24(10) 0.10 10 –
724.83(17) 0.04 18 –
729.22(5) 1.58 0.6 729.22
739.24(23) 0.02 26 –
750.68(5) 0.62 1.1 1071.65
764.34(10) 0.05 11 1435.89
766.71(8) 0.07 6.1 2009.33
771.64(10) 0.04 12 1904.90
781.84(5)m 1.07 1.9 1319.53

1245.9
785.51(9) 0.20 9.2 2108.58
794.22(5) 3.02 0.5 1319.53
797.11(5) 0.82 1.3 1322.42
799.27(11)n 0.11 9.3 1242.94
801.17(13)n 0.08 13 1265.16
809.94(9) 0.04 10 2129.60
818.38(8) 0.04 14 –
821.58(6) 0.11 4.4 1265.16
823.88(9) 0.05 9.8 –
827.82(9) 0.03 20 2150.1
839.19(9) 0.08 8.3 1911.1
840.75(21) 0.04 17 (1907.2)
850.28(23) 0.03 21 –
851.87(18) 0.04 16 (2061.02)
856.18(5) 0.36 1.7 1319.53
858.46(13) 0.04 15 1587.28
865.39(10) 0.06 10 (1652.53)
875.85(8) 0.09 6.8 1319.53
878.28(10) 0.04 14 –
881.74(10) 0.05 9.8 2204.09
884.94(6) 0.13 4.5 1956.74
887.11(6) 0.23 4.0 1529.71
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Table1. (continued)rMst uQvSww
x rMyz

(keV) {| { } } ~ � (%) (keV)
888.56(5) 0.77 1.3 1209.73
894.78(24) 0.02 27 1529.71
903.18(10) 0.05 11 1956.74
907.31(10) 0.05 9.4 1978.76
911.04(18) 0.03 19 1435.89
913.13(6) 0.14 4.3 1699.93
915.95(15) 0.03 18 (1932.08)
923.29(5)� 0.29 2.4 1652.53

1994.8
931.25(17) 0.04 23 –
937.47(5) 0.30 2.3 2009.33
940.94(6) 0.16 4.3 1670.16
950.24(24) 0.03 21 2649.65
972.51(14) 0.08 13 (1435.89)
975.41(6) 0.15 4.7 2047.5
979.84(9) 0.10 8.1 (1766.45)
981.72(9) 0.08 8.3 (1652.53)
984.33(5) 0.29 2.4 1713.52
992.39(9) 0.10 7.9 1435.89
995.44(11) 0.05 13 2049.51
998.49(7) 0.11 5.6 1670.16
1001.30(6) 0.16 3.8 1322.42
1004.86(9) 0.07 9.7 2076.95
1010.53(12) 0.05 13 1652.53
1014.53(10) 0.03 18 –
1018.36(5) 0.31 2.3 (1053.76)
1027.52(23) 0.03 18 –
1029.33(17) 0.07 12 (1699.93)
1030.92(5) 0.61 1.3 1759.5
1036.73(5) 0.39 2.8 2108.58
1042.12(6) 0.19 3.7 1713.52
1045.52(15) 0.04 23 2310.75
1049.35(15) 0.05 18 2292.9
1054.19(7) 0.06 12 –
1057.50(9) 0.09 7.9 (1521.16)
1066.29(5)� 0.66 2.0 1066.42

1529.66
1078.24(9) 0.08 7.9 2150.1
1086.05(6) 0.29 4.2 1529.66
1092.88(12) 0.06 13 2226.18
1095.71(10) 0.06 19 2415.6

rMst uQv�ww
x rMyz

(keV) {| { } } ~ � (%) (keV)
1097.63(5)� 1.13 1.1 1133.11
1115.23(9) 0.07 8.3 1652.53
1123.58(10) 0.06 10 1759.5
1130.53(11) 0.06 13 (1918.55)
1132.37(6)� 0.25 3.2 2204.09

1670.16
1137.28(11) 0.06 9.5 (1580.8)
1139.61(8) 0.06 10 2270.83
1143.91(8) 0.09 6.4 1587.28
1147.94(17) 0.04 15 –
1150.25(22) 0.03 21 –
1158.85(14) 0.07 12 –
1160.78(10)� 0.10 8.4 1832.3

2226.18
1170.42(10) 0.11 8.0 1899.00
1175.46(6)� 0.21 3.3 1904.90

2246.51
1182.65(9) 0.09 7.1 2315.6
1189.28(7) 0.13 5.5 1918.55
1194.81(14) 0.06 14 3106.07
1199.98(16) 0.12 16 –
1207.29(5)� 1.12 0.9 1242.94

3106.07
1209.59(18) 0.06 14 1652.53
1211.91(15) 0.06 13 –
1218.43(9)� 0.06 8.5 2351.66
1225.19(20) 0.05 15 –
1227.10(6)� 0.26 3.5 1170.16

1956.74
1229.67(5)� 0.87 1.0 1265.16

2550.14
1233.13(15) 0.05 20 1904.90
1237.18(5) 0.35 2.3 (1775.0)
1241.11(10) 0.12 7.8 1766.45
1242.92(5) 0.44 2.3 1242.94
1247.6(3) 0.02 44 1918.53
1251.00(19) 0.04 20 –
1255.4(3) 0.04 26 1699.93
1257.07(16) 0.07 15 1899.00
1261.00(12)� 0.17 16 1932.1
1262.18(15) 0.16 17 1990.0
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Table1. (continued)�M�� �Q�S��
� �M��

(keV) �� � � � � � (%) (keV)
1264.91(10) 0.08 8.0 1899.00
1269.94(6)� 0.23 3.0 1713.52

1904.90
1274.60(18) 0.02 32 1813.0
1284.22(9)� 0.45 7.0 1319.53

1956.74
1286.6(3) 0.13 24 –
1296.7(5)� 0.13 24 1932.1

1759.5
1307.26(5)� 0.55 1.6 1771.16

1832.3
1319.53(7) 0.36 5.1 1319.53
1322.79(12) 0.19 9.4 1766.45
1327.20(11)� 0.27 8.6 1771.16
1338.06(6)� 0.21 4.4 2009.33

2410.1
1342.35(12) 0.07 12 2585.76
1347.94(18) 0.07 15 2076.95
1349.71(7)� 0.25 4.4 1813.0

2020.44
1367.17(7) 0.16 5.1 1904.90
1378.66(9) 0.14 7.9 2049.51
1382.69(11) 0.08 10 1918.53
1385.82(9) 0.11 7.2 1911.1
1388.19(21) 0.05 18 2061.02
1395.41(17) 0.06 13 –
1397.49(9) 0.13 6.1 2068.7
1400.40(5) 0.51 1.6 (1435.89)
1412.60(10) 0.60 1.8 2049.51
1418.89(5) 0.60 1.8 1956.74
1421.57(9) 0.17 5.7 1865.12
1424.86(20) 0.06 27 2061.02
1435.91(10) 0.05 28 (1899.00)
1437.61(13) 0.13 11 –
1440.94(5) 0.49 1.9 1978.76
1448.16(14) 0.08 14 1911.1
1452.91(11) 0.11 11 2181.93
1455.42(7) 0.22 5.0 1899.00
1461.36(5) 0.35 2.0 1904.90
1466.00(20) 0.06 16 –
1470.64(20) 0.03 34 2009.33
1475.03(6) 0.24 3.8 1918.53

�M�� � ����
� �M��

(keV) �� � � � � � (%) (keV)
1477.84(22) 0.05 19 2550.14
1493.30(6) 0.78 3.3 1956.74
1494.70(9) 0.37 6.8 1529.71
1497.47(11) 0.11 9.4 2226.18
1503.49(11) 0.08 12 2232.6
1509.29(19) 0.10 12 –
1511.4(3) 0.08 15 2181.93
1513.33(6) 0.47 2.7 1956.74
1515.71(15) 0.08 12 2649.65
1522.38(11) 0.08 9.1 2251.1
1528.89(10) 0.09 9.0 (1529.71)
1535.02(11)� 0.11 9.6 2607.02

1978.76
1538.70(19) 0.07 15 (1982.2)
1541.4(3) 0.05 21 2270.83
1545.76(13) 0.09 11 2009.33
1549.16(8)� 0.23 4.9 2087.0
1551.76(18) 0.08 15 1587.28
1554.84(6) 0.36 3.4 2226.18
1565.91(11) 0.08 8.4 (2009.33)
1575.28(24) 0.04 24 –
1578.04(8)� 0.28 5.0 2649.65
1579.71(16) 0.10 14 2550.14
1582.99(14) 0.13 12 2220.17
1584.60(13) 0.16 9.3 (2313.64)
1587.27(5) 0.73 1.1 1587.28
1591.84(8) 0.12 6.8 2129.60
1598.93(7) 0.16 4.9 2270.83
1605.99(6) 0.27 3.0 2049.51
1611.56(24) 0.06 20 (2150.1)
1617.51(5) 0.50 1.6 2061.02
1621.59(9)� 0.19 5.7 2351.66
1631.91(18) 0.06 14 –
1634.4(3) 0.05 18 –
1637.02(12) 0.09 8.7 –
1641.32(24) 0.05 18 –
1643.61(9) 0.20 5.6 2181.93
1645.78(12) 0.13 8.8 –
1650.30(8) 0.17 7.1 2379.47
1656.87(11) 0.10 9.9 2293.1
1664.74(11) 0.12 7.8 2108.58
1669.89(6)� 0.31 2.9 2132.0
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Table1. (continued)�M�� �Q����
� �M� 

(keV) ¡¢ ¡ £ £ ¤ ¥ (%) (keV)
1678.17(14) 0.15 10 1713.52
1680.09(15) 0.19 7.5 2351.66
1682.31(17) 0.10 12 2145.5
1686.18(6)¦ 0.36 3.3 2129.60
1688.45(18) 0.10 13 (2132.0)
1699.87(11) 0.30 12 2770.65
1705.44(9) 0.10 9.8 –
1708.90(10)§ 0.12 8.5 2379.47

2438.7
1713.43(8)¦ 0.37 4.3 1713.52
1729.48(22) 0.05 25 –
1732.87(7)¦ 0.31 3.9 2270.83
1735.39(13) 0.12 9.0 –
1738.41(7) 0.24 4.1 2181.93
1744.05(8) 0.18 6.3 2415.6
1748.97(11) 0.07 11 –
1753.08(15) 0.05 14 –
1756.62(8) 0.13 5.3 –
1760.59(9) 0.12 5.8 (2204.09)
1763.35(9) 0.09 7.5 2226.18
1766.18(9) 0.14 5.0 –
1769.05(18) 0.03 21 (2438.7)
1775.32(13) 0.09 8.7 –
1777.92(10) 0.10 30 2315.6
1782.81(8) 0.13 7.5 2226.18
1788.02(7) 0.20 4.4 2232.6
1795.12(9) 0.19 4.2 2466.58
1799.33(9) 0.12 6.7 2528.6
1807.22(9) 0.12 6.6 2250.8
1827.28(13) 0.10 8.7 2270.83
1829.68(9)¦ 0.22 4.6 1865.12
1832.17(20) 0.07 13 2560.73
1834.81(8) 0.17 5.5 2372.6
1838.42(12) 0.08 13 2567.98
1841.51(9) 0.10 11 2379.47
1844.86(14) 0.07 20 –
1849.41(23)¦ 0.07 16 (2310.7)
1851.54(9) 0.15 7.9 2315.64
1855.4(3) 0.06 22 –
1857.71(14) 0.11 11 2528.6
1863.64(9) 0.38 6.9 1899.00
1865.10(8) 0.43 6.3 1865.12

�M�� �Q�S��
� �M� 

(keV) ¡¢ ¡ £ £ ¤ ¥ (%) (keV)
1868.25(16) 0.15 12 –
1870.03(15) 0.23 6.5 2313.6
1872.00(17) 0.11 11 –
1878.5(3)¦ 0.11 27 2607.12
1882.45(10) 0.13 9.0 1918.55
1886.24(15) 0.07 18 –
1888.41(12)§ 0.15 7.9 2351.66

3208.26
1897.09(9) 0.18 5.6 (2567.98)
1899.4(3) 0.04 24 2438.7
1905.38(8) 0.38 4.2 1904.90
1908.26(13) 0.16 6.8 2351.66
1910.50(15) 0.14 8.0 2372.6
1913.09(11) 0.13 7.9 2438.84
1919.55(12)§ 0.22 6.4 2649.65

1918.53
1921.59(9)¦ 0.42 3.2 1956.74
1926.73(19) 0.06 22 –
1928.79(6) 0.45 3.1 2466.59
1933.20(9) 0.17 5.9 –
1935.80(22) 0.05 17 2379.47
1939.16(9) 0.12 7.2 –
1942.81(10) 0.10 10 1978.76
1950.18(14) 0.08 20 3021.3
1954.01(15) 0.11 10 –
1956.73(5) 2.76 0.5 1956.74
1960.04(9) 0.16 8.3 –
1967.16(17) 0.06 18 –
1971.59(13) 0.11 8.6 (3291.1)
1973.92(9) 0.19 5.2 2009.33
1978.76(5) 0.50 2.0 1978.76
1984.88(13) 0.11 9.9 –
1990.79(20) 0.16 19 –
1992.9(3) 0.15 22 –
1994.6(3) 0.12 25 2438.84
2002.63(15) 0.11 13 2466.58
2009.28(10) 1.53 1.4 2009.33
2014.16(22) 0.10 22 (2550.14)
2018.25(17) 0.06 20 (2689.7)
2022.92(13) 0.13 6.9 2466.58
2025.52(19) 0.08 12 2061.02
2032.14(10) 0.09 8.5 2495.4
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Table1. (continued)«M¬­ ®Q¯�°°
± «M²³

(keV) ´µ ´ ¶ ¶ · ¸ (%) (keV)
2039.28(18) 0.10 12 (2674.30)
2041.46(16) 0.16 7.6 2076.95
2044.34(21) 0.08 11 –
2047.27(11) 0.41 2.7 2585.76
2049.6(5) 0.04 26 (2495.4)
2052.27(13) 0.15 5.9 –
2058.8(3) 0.07 24 –
2060.67(21) 0.11 15 2504.2
2066.08(25) 0.08 16 –
2068.01(17) 0.15 8.7 (2607.1)
2070.68(11) 0.31 3.3 3142.25
2073.07(11) 0.27 3.7 2108.58
2077.04(10)¹ 0.49 2.7 2076.95
2086.99(13) 0.13 6.8 2550.14
2094.09(10) 0.56 1.8 2129.60
2098.58(18) 0.05 25 –
2103.37(16)¹ 0.12 9.9 3174.6
2106.25(19) 0.13 11 2550.14
2108.41(13) 0.25 6.0 2108.58
2111.41(17) 0.10 11 –
2124.66(15)¹ 0.13 10 2568.0
2128.12(13) 0.11 9.2 –
2141.76(13) 0.23 8.3 2585.76
2146.69(23) 0.05 17 –
2149.87(21) 0.13 13 (2819.7)
2151.79(16) 0.21 7.5 –
2161.23(24) 0.08 16 –
2163.17(26) 0.07 18 –
2168.81(16) 0.09 13 –
2173.76(20) 0.06 14 –
2176.37(16) 0.08 9.5 –
2182.41(20) 0.10 12 –
2184.6(3) 0.08 16 2220.17
2186.69(11) 0.36 4.2 2649.65
2190.71(11)¹ 0.21 4.3 2226.22
2193.85(24) 0.05 19 2729.64
2204.84(16) 0.10 13 2649.81
2208.43(21) 0.07 20 –
2211.25(13) 0.15 11 –
2215.9(3) 0.10 22 (2754.1)
2218.4(3) 0.10 22 –
2227.29(21) 0.11 16 –

«M¬­ ®Q¯S°°
± «M²³

(keV) ´µ ´ ¶ ¶ · ¸ (%) (keV)
2233.01(21) 0.08 14 2770.71
2235.56(12) 0.26 4.3 –
2245.30(19) 0.11 13 (2974.9)
2247.15(16) 0.13 11 2246.51
2252.0(2) 0.04 19 –
2268.2(4) 0.04 24 –
2270.49(17) 0.13 8.4 –
2273.36(18) 0.12 8.1 3002.01
2275.6(3) 0.08 13 –
2278.2(2) 0.07 13 2313.54
2281.2(2) 0.10 13 –
2283.16(18) 0.13 11 –
2288.65(18) 0.16 7.7 –
2291.3(2) 0.08 11 3021.26
2296.1(3) 0.06 20 –
2302.62(13) 0.13 7.0 2974.9
2305.51(13) 0.18 5.1 –
2308.5(2) 0.10 11 2770.71
2310.6(3) 0.08 14 –
2313.68(11) 0.34 2.9 2313.54
2316.2(3) 0.11 18 2351.66
2317.9(3) 0.09 24 (2990.79)
2328.1(2) 0.10 15 –
2330.3(2) 0.17 8.5 (3002.01)
2332.85(12) 0.31 3.9 (2775.7)
2335.84(17) 0.12 8.4 2872.7
2342.24(17) 0.11 8.4 –
2345.2(3) 0.07 14 –
2348.2(2) 0.06 14 –
2351.75(13)¹ 0.16 5.7 (2814.3)
2355.65(18) 0.08 12 (2819.7)
2370.18(12)¹ 0.23 4.0 (2405.5)
2378.1(3) 0.07 23 –
2380.00(13)º 0.25 6.0 2379.47

2415.6
2383.05(15) 0.13 6.7 –
2393.6(2) 0.07 17 –
2396.92(13) 0.15 7.3 –
2400.5(2) 0.13 11 (3072.3)
2402.90(16) 0.32 5.9 2438.84
2408.34(16) 0.11 12 –
2415.34(16) 0.08 11 –
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Table1. (continued)¾M¿À ÁQÂ�ÃÃ
Ä ¾MÅÆ

(keV) ÇÈ Ç É É Ê Ë (%) (keV)
2419.44(11) 0.23 3.9 –
2422.54(15) 0.15 6.8 –
2425.1(2) 0.09 11 (2888.4)
2428.0(3) 0.08 18 –
2430.4(5) 0.13 35 2466.58
2434.95(21)Ì 0.08 13 3106.07
2454.17(15) 0.10 9.2 (3183.9)
2458.4(2) 0.10 14 –
2460.77(13) 0.21 6.8 2495.4
2467.03(13)Ì 0.13 9.4 2466.58
2469.61(17) 0.11 11 –
2475.07(13) 0.28 6.9 –
2477.0(3) 0.10 18 –
2480.14(12) 0.21 5.2 –
2483.8(3) 0.06 27 3021.26
2485.8(5) 0.05 30 –
2492.29(12) 0.17 4.7 (3563.5)
2495.38(11) 0.19 4.2 –
2500.5(3) 0.04 21 –
2509.1(3) 0.09 19 –
2510.92(15) 0.18 11 2974.9
2514.62(13) 0.12 7.6 2550.14
2518.56(16) 0.08 11 –
2521.81(11)Ì 0.23 3.5 –
2525.04(14) 0.18 6.2 –
2527.19(12) 0.24 4.6 2990.7
2532.81(11) 0.24 3.4 2568.0
2539.40(23) 0.05 22 3002.01
2550.78(10)Ì 0.39 2.6 2550.11
2554.71(14) 0.15 7.4 –
2557.38(13) 0.22 5.0 3021.26
2560.66(17) 0.10 13 2560.9
2566.1(2) 0.10 12 –
2568.72(13)Ì 0.20 6.0 2568.0
2571.92(16) 0.11 8.9 2607.1
2577.85(14) 0.13 8.3 3021.26
2580.72(11) 0.20 6.1 –
2589.81(23) 0.11 13 –
2593.55(15) 0.16 7.5 –
2597.50(15) 0.16 6.9 –
2607.01(12) 0.19 5.2 2607.1
2609.64(10) 0.45 3.4 –

¾M¿À ÁQÂSÃÃ
Ä ¾MÅÆ

(keV) ÇÈ Ç É É Ê Ë (%) (keV)
2614.26(12) 0.17 17 2649.81
2616.2(3) 0.09 23 –
2630.64(21) 0.06 17 –
2633.53(20) 0.10 8.7 –
2644.59(20) 0.17 9.8 3106.07
2659.3(4) 0.06 20 –
2662.78(18) 0.11 14 3106.07
2670.59(12) 0.19 4.9 2705.9
2674.24(10)Ì 0.35 2.6 –
2678.43(11) 0.27 3.4 –
2683.07(18) 0.08 11 –
2692.80(18)Ì 0.19 8.5 (3231.7)
2696.62(23) 0.21 14 –
2699.01(20) 0.26 11 (3142.31)
2705.6(3) 0.09 20 –
2716.33(12) 0.12 4.1 (2751.8)
2719.82(11) 0.13 3.8 –
2730.55(15)Ì 0.31 8.0 3174.2
2735.48(17) 0.15 9.2 2770.71
2751.1(4)Ì 0.07 23 2785.83
2767.26(15) 0.05 26 –
2770.46(15)Ì 0.10 6.8 2770.71
2781.83(21) 0.09 12 (2819.7)
2784.34(23)Ì 0.09 14 2785.83
2792.92(15) 0.14 7.4 (3256.7)
2799.30(14) 0.16 5.1 –
2801.88(15) 0.12 7.6 (2801.9)
2814.15(18) 0.08 11 –
2827.67(11) 0.20 3.9 –
2846.27(12) 0.23 4.7 –
2854.18(15) 0.16 7.3 (2854.7)
2862.65(10) 0.25 3.2 –
2869.4(3) 0.06 21 –
2873.58(20) 0.05 21 –
2876.93(15) 0.17 6.6 –
2885.0(3) 0.05 25 (2919.7)
2893.97(11) 0.16 5.1 –
2898.00(10) 0.16 8.0 (2898.4)
2902.38(15) 0.12 5.6 (2938.3)
2906.1(3) 0.05 13 –
2914.07(21) 0.08 10 –
2916.86(10)Ì 0.24 4.7 6568.97
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Table1. (continued)ÐMÑÒ ÓQÔ�ÕÕ
Ö ÐM×Ø

(keV) ÙÚ Ù Û Û Ü Ý (%) (keV)
2922.25(23) 0.05 12 –
2925.67(15) 0.09 7.9 –
2933.18(20) 0.20 11 –
2935.34(15) 0.25 9.2 –
2939.98(11) 0.05 27 2974.9
2943.5(3) 0.06 23 –
2956.05(10) 0.50 2.4 2990.7
2964.55(15) 0.18 6.0 –
2969.92(20) 0.08 13 –
2977.3(4) 0.07 20 –
2980.38(15) 0.19 7.4 –
2986.37(15) 0.18 6.2 3021.26
2990.02(15) 0.12 10 2990.7
3005.68(12) 0.23 5.6 6568.97
3014.40(11) 0.28 4.0 6568.97
3022.27(20) 0.09 13 3021.26
3036.76(11)Þ 0.22 11 (3072.3)
3043.69(21) 0.12 15 –
3057.33(12) 0.10 12 –
3068.27(11) 0.24 4.5 –
3078.01(21) 0.10 10 –
3080.73(14) 0.19 5.2 –
3089.1(3) 0.10 14 3532.7
3092.10(20) 0.14 12 3554.2
3096.24(20) 0.12 13 –
3101.5(3) 0.06 21 –
3106.41(10)Þ 0.25 3.9 3106.07
3120.63(20) 0.11 10 –
3125.85(11) 0.27 4.0 –
3130.61(20) 0.06 25 –
3138.67(10) 0.47 2.5 –
3142.48(18) 0.15 8.2 3142.31
3164.78(14) 0.15 5.4 –
3168.28(12) 0.06 19 –
3174.07(15) 0.09 14 (3208.26)
3180.3(4) 0.04 25 –
3184.20(15) 0.15 6.8 3183.9
3192.7(3) 0.05 14 –
3207.84(14) 0.14 5.6 3208.26
3210.89(12) 0.17 4.8 3652.5
3219.01(11) 0.34 4.2 –
3223.75(18) 0.15 9.7 –

ÐMÑÒ ÓQÔSÕÕ
Ö ÐM×Ø

(keV) ÙÚ Ù Û Û Ü Ý (%) (keV)
3238.39(15) 0.10 18 –
3242.0(4) 0.07 18 –
3251.81(12) 0.18 4.5 –
3263.91(15) 0.09 8.6 –
3278.37(11) 0.29 3.5 (6568.97)
3291.83(14) 0.15 5.2 (3291.1)
3301.58(15) 0.12 8.3 –
3311.88(12) 0.13 5.5 (6568.97)
3332.68(23) 0.13 9.0 –
3336.25(17) 0.17 7.1 (6568.97)
3345.3(3) 0.05 15 –
3350.26(12) 0.16 5.2 –
3360.82(10) 0.54 2.0 6568.97
3373.86(14) 0.11 5.5 (6568.97)
3378.66(18) 0.07 9.1 –
3385.02(10) 0.24 2.9 (6568.97)
3394.48(11) 0.48 3.4 (6568.97)
3405.6(3) 0.08 16 –
3426.73(10) 0.43 2.1 6568.97
3432.09(20) 0.07 11 (6568.97)
3459.06(18) 0.15 9.5 –
3463.04(10) 0.61 2.3 6568.97
3496.54(10) 0.27 3.0 6568.97
3501.63(12) 0.17 4.1 –
3547.72(10) 0.58 2.9 6568.97
3554.28(15)Þ 0.25 7.3 (3554.1)
3567.25(10) 0.25 7.9 6568.97
3574.6(5) 0.09 24 –
3577.86(20) 0.24 9.4 6568.97
3594.2(7) 0.07 29 6568.97
3617.41(14) 0.16 5.2 –
3630.20(20) 0.08 10 (6568.97)
3648.32(13) 0.18 5.5 6568.97
3652.24(20) 0.10 8.7 –
3660.9(3) 0.04 17 –
3665.1(3) 0.04 18 –
3670.71(15) 0.08 7.5 (6568.97)
3696.30(15) 0.05 9.4 6568.97
3706.35(12) 0.06 18 –
3713.4(3) 0.05 16 –
3745.3(4) 0.07 13 –
3749.48(12) 0.24 2.9 (6568.97)
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Table1. (continued)âMãä åQæ�çç
è âMéê

(keV) ëì ë í í î ï (%) (keV)
3755.13(21) 0.07 8.8 (6568.97)
3766.89(20) 0.05 11 –
3779.4(5) 0.07 21 –
3782.98(16) 0.28 5.7 6568.97
3793.37(24) 0.10 14 (6568.97)
3798.26(12) 0.44 3.2 6568.97
3813.9(3) 0.08 11 –
3817.2(3) 0.07 11 6568.97
3839.46(21) 0.16 9.7 6568.97
3863.33(13) 0.12 5.1 (6568.97)
3879.01(18) 0.13 6.4 (6568.97)
3890.57(12) 0.12 3.4 –
3894.67(11) 0.21 2.8 –
3919.33(10) 0.87 1.4 6568.97
3961.57(14) 0.32 7.3 6568.97
3982.95(4) 0.49 1.8 6568.97
4001.05(11) 0.41 2.7 6568.97
4008.15(18) 0.10 10 (6568.97)
4018.90(12) 0.46 3.2 6568.97
4074.6(3) 0.07 14 (6568.97)
4102.65(10) 0.26 5.4 6568.97
4130.2(3) 0.05 14 6568.97
4153.02(13) 0.07 8.2 6568.97
4158.92(16) 0.06 9.8 6568.97
4164.03(26) 0.05 13 –
4189.37(13) 0.34 4.1 6568.97
4217.7(3) 0.25 13 6568.97
4253.70(13) 0.23 3.5 6568.97
4297.84(18) 0.09 7.7 6568.97
4318.0(3) 0.05 14 6568.97
4322.32(26) 0.07 10 6568.97
4342.96(11) 0.61 2.0 6568.97
4364.7(3) 0.05 17 6568.97

âMãä åQæ�çç
è âMéê

(keV) ëì ë í í î ï (%) (keV)
4387.25(14) 0.06 12 6568.97
4393.1(3) 0.04 14 6568.97
4422.52(24) 0.03 36 6568.97
4439.39(11) 0.50 2.2 6568.97
4460.35(11) 0.67 1.9 6568.97
4492.19(10) 0.25 2.4 6568.97
4508.05(11) 0.22 2.7 6568.97
4519.8(3) 0.04 14 6568.97
4559.56(10) 1.75 1.7 6568.97
4590.18(11) 0.62 1.8 6568.97
4612.14(11) 4.23 2.1 6568.97
4663.84(13) 0.15 4.5 6568.97
4669.88(18) 0.08 7.7 6568.97
4703.74(14) 0.14 5.1 6568.97
4809.2(6) 0.07 19 6568.97
4855.44(11) 0.22 2.3 6568.97
4869.8(7) 0.02 30 6568.97
4898.52(15) 0.07 13 6568.97
4916.32(17) 0.09 9.6 6568.97
4981.59(12) 0.23 3.1 6568.97
5039.42(13) 0.14 4.2 6568.97
5133.5(5) 0.02 23 6568.97
5249.28(10) 3.66 1.5 6568.97
5303.77(16) 0.14 5.8 6568.97
5326.0(6)ð 0.07 14 6568.97
5502.4(2)ð 0.08 25 6568.97
5514.2(2)ð 0.10 20 6568.97
5839.65(11) 1.78 2.0 6568.97
6030.8(4) 0.31 16 6568.97
6125.42(10) 1.15 1.0 6568.97
6533.56(11) 3.23 2.1 6568.97
6569.07(11) 1.61 2.0 6568.97

ã
Numbersin parenthesesdenotetheuncertaintiesof thelastdigits.They includestatistical

andsystematicalerrors.è
Statisticalerroris given.20%systematicalerrorin consequenceof uncertaintyof capture

cross-sectionmustbetake into account.é
Energy of initial state.Bracketsexpressuncertainplacement.ñ
Unresolveddoublets.
ð Energiesandintensitiesfrom singleor doubleescapepeaks.ò

Multiplacement.Only principalcomponentis given.
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3. Light-ion inducedreactions

The experimentswere performedat the TandemAcceleratorof the University and
TechnicalUniversityof Munich.Thereactionproductswereanalyzedin theQ3Dspectro-
graph[9] equippedwith a position-sensitive cathode-stripdetectorwith single-stripread-
out [10,11]anda long-focal-planedetectorwith tracereconstruction[12].

The(d,p)measurementswereperformedwith 17MeV deuteronsat two scatteringan-
glesof ö ÷ ø and ù ú ø . This allows partly to avoid theproblemof interferenceof Te peaks
with backgroundpeaks.The90.7%enrichedtargetof û ü ý Tehaddimensionsof ö?þ ÿ mmü
anda thicknessof 40 � g/cmü ona 4.7 � g/cmü thick carbonbacking.Severalspectrawere
recordedin the rangeup to 3.3 MeV by taking 7 overlappingruns,eachabout700 keV
wide.Theexampleof theprotonspectrumis givenin Fig. 2. Theintrinsic positionpreci-
sionis betterthan0.1mmwhichmakes

Fig. 2. Theprotonspectrumat theangleof 15ø from thereactionû ü ý Te(d,p)û ü � Te, using
17MeV deuteronbeam.Thepeaksaremarkedby correspondinglevel energiesin û ü � Te.

it possibleto determinetheenergy of strongestpeakswith a precisionup to 0.1keV with
anenergy resolutionof about4 keV (FWHM). This resolutionis about3 timesbetterthan
in theprevious(d,p)measurement[13]. Eachrunwascalibratedusingcorrespondinglevel
energiesdeterminedin thethermalneutroncapturereaction.

98 FIZIKA B 7 (1998)2, 87–104
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TABLE 2. Levelsof � � � Te observedin the(d,p) reactionatabeamenergy of 17MeV and
atanglesof 	 
 � and � 
 � .

Energy� Relative Intensity
(keV) ����	 
 � ����� 
 �
0.1(2) 6520(150)
35.40(20) 4770(130)
145.13(11) 845(17) 2121(87)
443.3(4) 416(12) 140(23)
462.8(4) 52(5) 50(17)
525.28(12) 164(8) 146(26)
537.74(10) 172(5) 277(33)
636.17(9) 184(7) 230(33)
641.56(11) 134(6) 310(37)
671.25(8) 2664(31) 1773(80)
685.1(6)� 15(3)
705.3(6)� 5.2(17)
729.05(6) 1650(17) 823(53)
786.78(8) 793(11) 877(56)
804.61(14) 68(4) 37(17)
847.90(29)� 12(2)
1017.6(5) 5.4(11)
1053.72(9) 710(10) 520(40)
1066.16(18) 445(8) 348(35)
1133.11(10) 730(21) 722(50)
1148.73(21) 42(3) 115(20)
1203.9(11)� 31(12)
1243.3(4) 120(19)� 57(15)
1265.15(20) 304(36)� 287(30)
1277.7(5) 43(11)
1315.0(4) 19(4) 53(17)
1319.71(13) 167(6) 194(27)
1357.62(27) 27(3) 83(22)�
1427.90(23)� 12 (3)
1435.81(11) 218(7) 186(28)�
1520.3(5) 5.2(22)
1529.85(9) 171(6) 103(12)
1536.3(7)� 5(2)
1551.3(7)� 7(2)
1558.8(7)� 6(2)
1581.0(4) 15(2)
1587.20(10) 184(8) 443(23)
1652.4(5) 9.6(18) 25(9)
1670.5(6) 8.5(18)
1700.09(15) 450(10) 475(26)

Energy� Relative Intensity
(keV) ����	 
 ������� 
 �
1715.7(6) 13(2)
1759.78(27) 44(4)
1770.59(27) 42(4)
1813.0(5) 461(19) 107(15)
1820.2(4) 755(24) 510(27)
1824(1) c 39(8)
1863.4(5) c 82(12)
1888(1) c 14(6)
1905.2(7) c 44(10)
1918.6(8) c 20(7)�
1929.4(6) c 543(98)�
1956.72(15) 819(27) 660(150)�
1966.7(5) 27(6)
1982.3(6) 785(22) 798(54)�
1994.6(6) 62(8) 386(68)�
2009.77(22) 252(12) 369(35)
2049.14(28) 1865(23) 2358(58)
2061.4(5) 21(5)
2079.5(4) 47(5) 60(13)
2112.5(4) 4071(33) 6900(100)
2126.8(4) 1184(18) 2623(63)
2153.4(5) 71(5) c
2187.7(4) 204(8) 1020(140)�
2206.9(5) 25(4) c
2223.9(5)� 15(4) c
2250.1(4) 539(13) 800(110)�
2274.2(4)� 96(6) c
2282.6(4) 59(6) c
2305.2(6)� 24(5) c
2315.6(4) 1787(58) 2690(150)�
2332.7(4) 346(11) 960(140)�
2338.6(7) 37(7) c
2351.7(4) 236(9) c
2375.41(26) 82(5) 143(18)
2382.0(4) 49(5)
2391.1(4) 84(10) 125(7)
2398.1(9)� 26(4) 34(5)
2412.3(4) 35(4) 38(5)
2419.1(3) 81(8) 121(7)
2426.2(9) 28(4) 41(5)
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Table2. (continued)
2439.3(5) 27(3) 28(4)
2450.62(28) 42(4) 53(5)
2457.9(7) 17(3) 36(5)
2465.84(29) 117(6) 145(7)
2605.5(7) c 53(5)
2479.06(29) 22(4) 32(4)
2488.36(29) 104(6) 129(7)
2495.0(7) 29(5) 39(5)
2521.0(4) 161(8) 208(8)
2525.7(5)� 24(7)
2542.0(4) 45(9) 106(7)
2547.2(7) c 35(5)
2556.8(7) c 43(5)
2590.4(7) c 151(8)
2596.0(7) c 69(6)
2622.6(6) c 389(12)
2630.5(6) c 175(8)
2642.4(6) c 393(12)
2651.3(7) c 35(5)
2669.7(6) c 300(10)
2680.2(7) c 40(5)
2684.8(7) c 42(5)
2690.1(7) c 32(5)
2704.6(4) 98(8) 134(6)
2711.6(4) 37(7) 53(5)
2717.3(4) 23(5) 36(4)
2723.1(5) 41(4)
2730.2(4) 39(7) 65(5)
2743.1(4) 93(20) 114(5)
2748.63(29) 484(56) 700(13)
2761.5(4) 102(25) 144(7)
2768.07(28) 393(49) 476(12)
2773.3(4) 63(17) 71(8)
2784.2(4) 55(9) 78(13)
2804.6(4) 128(12) 187(14)
2816.7(7) 97(10) c
2832.1(5) 112(21) c
2840.8(5) 200(25) c

2852.3(5) 99(20) c
2860.8(5) 44(5) c
2868.4(7) 34(5) c
2874.3(8) 23(4) c
2881.5(8) 21(4) c
2888.5(4) 134(9) c
2900.0(6) 141(9) c
2910.0(5) 118(9) c
2927.3(7) 34(6) c
2932.7(7) 112(9) c
2938.5(7) 49(6) c
2950.0(7) 59(7) c
2965.4(7) 273(11) c
2988.6(6) 60(7) 128(20)
3008.2(5) 39(7) 61(7)
3015.1(7) 34(7) 73(7)
3022.6(6) 50(7) 38(6)
3032.0(5) 217(13) 165(30)
3044.9(8) 89(10) � 80
3060.2(5) 206(11) 175(33)
3071.0(5) 94(8) 121(30)
3082.3(8) 43(7)
3090.9(5) 203(11) 202(33)
3098.3(7) 147(10)
3130.1(4) c 362(39)
3143.3(4) c 317(38)
3151.0(8) c 138(30)
3169.5(5) 149(28) 175(32)
3189.4(12) 118(18) 163(30)
3201.0(6) 106(19) 127(25)
3210.6(6) 81(18) 135(25)
3218.6(11) 59(16)
3235.5(10) 68(14)
3259.8(7) 220(13) 238(55)�
3272.7(12) 82(8)
3297.5(10) 76(7) 240(66)�
3329.5(9) 124(28)

 
Weightedaverageof two anglesmea-

surements.!
Unknown contaminant."
Completelyobscuredby a broadcon-

taminantpeak.#
Partly belongsto $ % & Te.

'
Possiblybelongsto $ % ( Te.� Partly belongsto $ % ) Te.*
Possiblybelongsto $ & $ Te.� Superimposedonto a broadcontami-

nantpeak.
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Individualrunsweresewn usingdatafrom amonitorcounter(Si telescopedetector)which
recordedtheelasticallyscatteredparticlesatafixedangleof . / 0 . Someminorcontamina-
tion from otherTe isotopeshasbeensubtractedusingwell-known Q-valuesandassuming
that the relative intensitiesof contaminantpeaksfollow thosereportedpreviously [14–
16,13].Weightedmeanenergiesandcorrespondingrelative intensitiesof the(d,p) peaks
at two anglesarelistedin Table2.

The 1 2 He,354 experimentwasperformedwith a 32MeV He beamatonly oneangleof6 / 0 . The effective thicknessof the targetof 97.8%enriched7 8 9 Te was60 : g/cm8 . This
spectrumwasrecordedby a largedetectorin a wide rangeup to approximately4.7 MeV
[12]. Theenergiesweredeterminedby a polynomialleast-squaresfit procedureusingthe
accurateenergiesof thelow-lying statesobtainedin the(d,p)study. Above 3.3MeV, this
energy calibrationbecomesmuchlessreliabledueto the lack of accurateenergy points.
Therefore,for theseenergies the intrinsic high position-sensitive precisionof the large
detectorcould not be fully realized.An energy resolutionof about18 keV (FWHM) for
thesingle 3 -peaksat lowestexcitationswasobtained.Few contaminantpeaksfrom other
Te isotopeshave beenidentified by comparisonwith the calculatedenergies using the
Q-valuesfrom theWapstratablesandtheknown spectroscopicinformationon tellurium
isotopes.Theabsolutecross-sectionsweredeterminedby measuringthetotalbeamcurrent
into aFaradaycup.Energiesandcross-sectionsof theobserveddiscrete3 -peaksarelisted
in Table3.

TABLE 3. Levelsof 7 8 ; Te observedin the( 2 He,3 ) reactionat a beamenergy of 32 MeV
andatanangle <�= 6 / 0 .

Energy Intensity
(keV) (microbarn/sr)
36.5(19) 48(4)
145.0(11) 1035(43)
317(4)> 11.6(15)
446(4)? 6.9(21)
464(3) 4.8(17)
521(4) 6.7(14)
639.4(21) 339(79)
667(3) 58(4)
786(4) 15.1(26)
803(4) 17.6(26)
1026.0(42)@ 2.7(12)
1054.3(12) 56(4)
1086.3(25) 6.3(14)
1117(3)A 4.7(13)
1135.7(14) 38(4)
1152.9(17) 26(4)
1237.0(20)B 10.3(17)
1264.8(13) 54(4)
1315.6(13)C 60(4)

Energy Intensity
(keV) (microbarn/sr)
1357.8(14) 28.8(24)
1378.3(30)A 3.4(12)
1434.5(14) 31.2(26)
1527.2(16) 14.4(19)
1583.4(19)B 9.6(15)
1643.3(26) 5.3(12)
1661.5(26) 3.9(17)
1698.9(26) 4.3(17)
1725.8(14)D 77(4)
1757.7(19)D 13.2(17)
1813.8(28) 14(5)
1826.4(28) 11(4)
1885.5(28) 6.7(24)
1909.0(19) 23(4)
1922.0(28) 12(3)
1968.2(21)B 19(5)
2007.1(14)D 20.2(24)
2045(3) 5.7(21)
2082.2(14) 19.4(24)
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Table3. (continued)
Energy Intensity
(keV) (microbarn/sr)
2104.8(29) 6.4(21)
2159.9(21) 11.3(21)
2189.5(21)H 12.5(21)
2226(3) 6.7(21)
2259.4(24)I 8.8(21)
2316.5(22) 10.0(21)
2364(3) 7.8(21)
2388.8(26) 8.2(21)
2427(4) 7.4(21)
2449(3) 9.1(21)
2492(4) 4.3(21)
2530(4) 6.5(21)
2557(4) 6.9(21)
2582.1(28)I 14.2(24)
2641.5(24) 17.3(26)
2678(5) 6.9(21)
2733(4) 5.7(21)

Energy Intensity
(keV) (microbarn/sr)
2772(4)H 14.3(36)
2847(5) 8.9(24)
2911(5) 6.2(21)
2966(4) 13.7(24)
3005(5) 7.2(21)
3049(4)H 20.1(27)
3105(5)J 1.5(11)
3164(4)J 3.4(17)
3215(4)J 3.8(18)
3339(5)J 8.1(21)
3375(5)J 6.3(19)
3488(5)J 4.1(18)
3564(5)J 4.4(19)
4208(5)J 2.7(12)
4302(4)J 2.4(12)
4481(4)J 3.6(12)
4513(4)J 5.3(14)

K
Possiblyperturbedby transitionin L M N Te.O
Perturbedby transitionin L M P Te.Q
Possiblyperturbedby anunknown contaminant.R
Unknown contaminant.H Complex structure.S
Thereareunknown contaminantpeaksonbothtails.I Doubletstructure.J Uncertaintiesof the energy valuescould raiseup fasterthanquoteddueto the lack of

calibrationpointsathigherenergies.

4. Angular-correlationeffectin thermalneutroncapture

In ourcoincidencemeasurements,weobservedastrongTUT -correlationeffectwhichis
manifestingitself by thedeviationof somebranchingratiosin the TUT -coincidencespectra
relative to thesingle T –spectrum.A remarkablylargedifference(seeTable4) by a factor
of 2 is observedfor thepairof the408and443keV transitionsgoingfrom the V W X Y level
at443keV, gatedby theprimarytransitionof 6125keV from the Z W X Y capturestateto this
level. No similar effect is observedfor theneighbouringZ W X Y level at 537keV sincethe
angulardistributionof thesecondaryT -raysin thiscasemustbeisotropic.

For a more detailedanalysisof the TUT -correlationsin our closegeometrywith the
anglesbetweendetectorsof Z [ \ ] [4], wecalculatedtheproductof attenuationcoefficients
for the pair of the T –ray detectorsandobtainedthe reasonablevalueof ^ M _ Z ` ^ M _ X `ba\ c d . However, usingthis value,andassuminga pureprimarydipoletransitionandmixed
E2/M1 secondaryoneswith signsandmagnitudesof mixing ratiosrecommendedin Ref.
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17, we werenot ableto reproducetheexperimentalvalueof 1.12(9).A goodagreement
betweentheexpectedandexperimentalbranchingsin this casecouldbeachievedonly if
wesuppose:

(i) theprimarytransitionis puredipoleandsecondaryonesareof mixedE2/M1 type
but with signsoppositeto thoseobtainedin theCoulombexcitationwork citedin Ref.17.

(ii) theprimarytransitionis mixedE2/M1but themixing ratiosaswell asthesignsfor
thesecondarytransitionsarein accordto thoserecommendedin Ref.17.

The latter seemsunexpectedsincethe observed valueof h ikj l monqpsrutwvkn x for
the primary transitionin this casewould requirean unusuallylarge E2 strengthwhich
contradictstheknown recommendedupperlimit [18].

TABLE 4. Comparisonof branchingratiosfor somesecondarytransitionsobservedin the
presentandothersstudies.

Branching Ref.[1] Presentwork
ratio In singlesp. In coincidenceswith severalgatesy z h { | } x l y z h { { ~ x 0.61(1) 0.588(6) 1.12(9)�y z h � | j x l y z h � ~ � x – 0.572(4) 0.51(8) 0.52(6) 0.53(6) 0.57(7)

� Gatedby primarytransition

5. Conclusions

Thepresentcomplex experimentalstudyof � � � Te with (n,� ), (d,p) and( � He,� ) reac-
tions hasyieldedextensive spectroscopicmaterial.In total, 645 � -lineswereascribedto
the � � � Te nucleusin the(n,� ) experiment.In the( � He,� ) andhigh resolution(d,p)experi-
ments,2 to 3 timesmorelevelshavebeenobservedin comparisonwith previousstudies.

A differencein the 408/443keV branchingratio determinedfrom singleandcoinci-
dence� -ray spectrawasobserved. This differencecanbe satisfactoryexplainedonly if
oneassumesa strongE2 admixturein the 6125keV primary transition.To clearup this
question,thereis evidently theneedfor a � -� angularcorrelationmeasurement.
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Meth.A376 (1996)434;
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SPECTROSCOPIJA � � � Te (n,� ), (d,p) I ( � He,� ) REAKCIJAMA

Mjerili su se izravni � - i sudesni� - � -spektrinakon uhvatatermǐckih neutronau � � � Te.
Mjerenja(d,p) reakcijavisokog razlǔcivanjana toj jezgri izvela su ses deuteronima17
MeV nakutovima od 15� i 30� , pomócu Q3D spektrografa. Takod–er semjerio spektaru
reakciji ( � He,� ) na10� . Na osnovi tih mjerenjautvrd–enasumnoganova stanja� � � Te na
energijamauzbudedo oko 4.5MeV. Razlikagrananja403/443keV iz izravnih i sudesnih� -spektaraukazujenajakuprimjesuE2u primarnomprijelazuod6125keV.
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