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™ Fr 4 BEMT

A BE# P FHE HER
X8 KER MRE A F FAE

(TEBERE YRR =M 730000)

WE A AKERN 90—105MeV KO KK, B Au(*O, ) REHFH KT
TR B EEABREN. ATT Y HEANBRER vV ERFAR Y HAY
AAGRAE. EARITH22I A Y HAWARN Fr WEAFE, XPEE -4
$HEAH(2+20)ns WA BHA. XFOFr 5Ro KX R4 o941
A Mh, MR FE ROBAANEBAMBR T Fr K AEHN.

XRA vy A4 FARARS BHE
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ERERRX & A BRMRBETUANRHBRE - M ETFSHMNE - BEM
BEBATMRN' ™ HITERHETFSHE - BREEOREHE AMNBXRLES A
BHSERSNE - BBROBREHRT . & AT RCCT B L 8B 4 A9 i sh & 45
WA FMBER E R S AR A8 - /8 Ro B+ A0 XREB 87 ME TS Ra Bl
MEAMRSE". TUANXEARRY Fr ENEUMRSTEROIBERET RN, &
Fh, ERNHRTFHENFRENRNTRT AR Al EHERN Fr BHRREH
BRmgebFhEy REFr, FRECFr WHBERHRE T SAELHN. F4.7Fr
HX FRLIE P RA 4 M FERM S MBA T, EMBREMNZRFR P TSN
MREHETHRAEESF AR,

ATHEHA—HRDIURIR P WRARRES. AARESHEERBNR LS
W — M ERBE T B FXEAFRESEABFOETRANAS, FRENHE
BAHMBEAN EE X EERER. ETEFr M R BPRANFRRRESHRE
HET BECFr PN S ERARRRRES. EATAEZ, LR Bk
Fri R B A ST SR
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2 X

MR MRS REL A0, 4n) RPN . O R P B R B TR Y BB
FBTI SFC BIEMERBYE. A TRERB FrMESHBERAERANILEFT AR
IR YRR EEHETT Y HEMUEAIBWUE XRFTANKR ACENEFE R4 R
2.0mg/em’. 7E 105,100,95 1 90MeV4 M HRFER SHIT THEZ RKNM R, EE KN 105
MOSMeV AR REBMEREEREN. ZERULEBIMERANMES AEMNATEHE
FELEER A BICRAERERT KA SMeVEL, BRI TRBHIBIMERS. AR
BHUBERBR AR FIMESHRERREEN OSSMeV. EX—BRERFERT,
LRHTT vy FEM Yy HENASHME.

f14 &8 BGO(AC)HPGe HR M S8 47 T KIS I v-v-: HMAWE,: RFAESHWHES
SHER B A B A% 60 M XS R E) 2, FF S B3 B B 8 600ns. T A HPGe 35 M 88 X% Co
1332keV v SR HBER B 1.9—2.3keV ZH. v-y HFESHEBURHFHLIDFE, S3LH5K
BT 60X10° MFEEH. EEKRBBLHE I8 v-y-: FEEHEHR # A B w68
MAGERE. ME&K vy HEHK £S5 EE (- 600ns< ¢ < 600ns). # /Y & & &
(- 600ns< t < — 40ns) I FE R B [&] B (40ns< : < 600ns) K T BIBL 7. (FHDHT HE
R, TRIBEAAEHACRARESEREFBFNALE. RARESHE
AT M y-v-: FEBE PRI

iy HENAST TR BBEAXR FRE v TENKEZHRME, FTEEHEEK
B ARE. #7 vy HRNALHR R, 4 £ BGOAC)HPGe KM B A K BEA S
KWK @R 30°,55°,73° M 90° 8 4 MAEMNE Lic R vy HEHH. BRTETFLEEAKRSY
HH Yy FENBREEZARGEEFENE, FHXEHX v §ESE N EMBAT THN
BUHEEE—. FERB w(0)=A[1+A,/A;p,(cos0) + A,/ A, p,(cosd) 1% 3 1 B8 3
ATRADREMG,BRATEMNBH yKRINAIHTRE. ERERANERT,
CEuB RN BAERMAL, E N EMBRICRE T VEu R, X' Ea B8 B R E X
BB HETRBAOEEAE. y FEROHEMBERRAEAT THNEN R RE
ER y BBERERY LR ERAREAMY TRR A @ SS M B A AEN RIS
FH.

PRy HAMBEERET  #EAMERHR XMy v HEWBER. W18HT—
BHLBORKN y HEROMB BB ML, R BRERN 201,246,432,605 F1 724keV K v
BB R KRB IRE KA T 97MeV MR AE R, X AR T2 Ac 8 B/EC” B4 v
HENTENEERAERAMR SMeV™ . At BRHEFrM o BEE4AN. ALK
BRI Au(*®O,50) LRI T2 Fr, HIEZ SRR L Fr WK v i#f%¥. X
YA RE RN 201,246,432,605 1 724keV B vy TR B TFHEE S IR FHRME. U Ey
SHEEER B S Fr RO R ORE X HEFS(RWE2). SR, T+ g
AER N 201,246,432,605 1 724keV B ¥ H R E L Fr. BET 55X HRM v HFRH
HEXRATHEREET "Fr—LBERBN ¥ 54K
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BERAEN y HREXRHF SR . Fr: 200
o 724keV, 432keV,® 246keV, X 201keV,
> 605keV. % At:0 683keV,® 425keV. B2 FriRfyE8EIT X HEHBFSHE

3 BR5iTie

MFCFrE&k y HEBMTEARN RIS A4 THRE. B34H TERRN
BEEHTE 605keV y MBS H v i, XEHHMBRTER. B3()BRTSI]
605keV ERERF S MIFTH v 5148 ;8 3(b) BB ATAT Ml 87 &4 R B T AOHLI 3%, seil b i 3L
By SR ZE D I 605keV BRIE AT 40ns. 605keV BRiE 5 3(b) M v ST48 2 6] 1 [A]
EREHEENZEFERRARES. FHBIFMERESR v FENNN#. 2T
EERBN T FrRWARERRNE, FRET AT 1962keV HEER N RRES (R
Ha4) BETREFEEEN-LERKINFERE T y KIERRENEPHLE. ¢
BEERRNUTFRAREBEZITH yHREAAEXHAZHAIAEN, LAREKRH
1962keV AR BESHRENZ AR EEACHEALERBFBERFT TR Hit,y H4
AONKBRERBEE T Fr iy y FEMBKEBH/ME. 2T Fr ™ Ro BER W KA
it A TR I E T Fr AL SR F K.

i F 1962keV MARBEZ LM vy HEAR YT M T, XEBMN -7 LK
BT RBERABESHENRRAITE. BSQALTLETRESRES FTH4A ¥y 574
ZEEEE S, KT B, ES(b) RS T RS v 52 E R aEE, % R T
THRUBZRAMMEYUMEFEREMNH A BRET. EIHBRE S F(b), 7T RAES(a)
FEHHBHEITEERSY, AREEREEAE S()FHETHME, B2 T 1962keV [
IR 7 BB 10 #F 2 (52 £ 20)ns.

AEEN P BRI BR AW S MR - 8 Rn B+ 2480, XL TF
hoy, PLEHIEE 87 MY F 5 Rn BN AEAMRBS . Bk, TUHE Fr WECBRE
H—" ko MEFE "R BEHBETHB/A TR, ME 6 7R, Fr#9 0(9/2),
605(13/2),1329(17/2),1761(21/2) #1 1962 (25/2) keV REZ i) B B& 5> Rn #9 0(0" ),
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636(2"),1414(4" ), 1740(6" ) 1828(8" Y keV BEZ A FEIE X AW . **Rn WL F
1828keV # 8" BR—IMRIAREE" "  H—P r, METER 8 SHBATHRY
fiF 1962keV WRER MM ZR—TMFRARES. RELRMMHEFTFE, T 1962keV #
BEMNBRE—TFREARES. BiZiBH 1962keV FIERAESH 201keV BKIE X E2 IR 1T,
BAETELRMBE 1962keV R A B BA K F & H18 B 201keV BK1T 49 4 1L BR XT38
B(E2)=0.20s.p.u. X—ALBKIRE 5 Rn BN E 8 —6" E2 BRIEM AL BE T 3R
BEC0.18s.p.u VAEREE" . U ERE M EETBREEE N Fr I8 R MR
B OAMEHERAYY SN rh, ) M2 SNERVBHTLRAMBHE 2"
SHeER" B R WE— 2" SHANRHPFIRNEKEBRL.
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TRy HAA « FR.

Fr X FROB P BB 4 M FFERAMS MEF, EHREEHHZE AR+
FTEARBEGEFHRAEESNEE. £ Ra F, P F2Z A0 KB K F 2 6 858
#; . OHi, ABRAERS BT FIANKRESSER R M 2" M 4" 5. £E
HHEEH R M 2" M4 BELRBENHPFESAMRAS" . LB Fr 17 Rn &
AL RER S5 M, BT LA 577 Fr #9 605(13/2) M1 1223(17/2)keV BER R — 4 hy, RF 5

Rnf 2" M4 BEBESERE. X605 1 1223keV B M BB AFHK. HFAS Y
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v §t 4% 2 (6] 80 B ) 38 B6 Fr5™Rn MEAMEEHNH K

[mhoy ) B917/2° 5T 1223keV M0 172 FFSAMESERE FREE, BHXH
MERWASHAFTRE. LR EWH B EE (xhy, 1°21/2° 8BRS 1223keV LK
538keV BRIEXHFA 17/2" BRAMWIRS ,BELR FREWMBI B 17/2° BB R 2 (8] 44 8k
B 106keV B9 M1 BRTF. BXTAB SR i T3 MUK B B IE 6 A9 10 565 456 45 o 000 0 38 % LM

RIBRMBE SR T LR ERERME .
ATHREREY T"Fr OBERE A h,, METE5"Ra RRSHEHROMBET

KM Fr ELMEE. HRARBHEFINR LB Fr 5 Rn WREREW, T
HFRAWRBE. B0, B F°Ro F8A 5 Fr #9 465 F1 1087keV BB AR X B A9 BE L,
FRABEURAERBXEBE. B4 FrOBAIMRBROEHEERRE T Ro iy
LW, Hilt, BEX Fr WBREMEL LRSS RORE, EHENTREELEN,
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Level Structure in ** Fr’

ZHOU Xiao-Hong GUO Ying-Xiang ZHU Shaoc-Fei LEI Xiang-Guo LIU Min-Liang

LIU Zhong ZHANG Yu-Hu HE Jian-Jun ZHENG Yong LUO Yi-Xiac
(Institute of Modern Physics , The Chinese Academy of Sciences , Lanzhou 730000, Chinag )

Abstract The high-spin states of “” Fr have been studied in the '’ Au(**Q,4n)*” Fr reaction
at "0 energies from 90 to 105 MeV using techniques of in-beam Y-ray spectroscopy. Mea-
surements of Y-ray excitation functions, ¥-Y-¢ coincidences and y-ray angular distributions
were performed with 4 BGO(AC)HPGe detecters. A level scheme for ** Fr with 21 ¥ rays
was established for the first time, including a high-spin isomer with a measured half-life of
(52 +20)ns. Comparing with the low-lying level structure in **® Rn, it may conclude that the
low-lying levels in ** Fr are formed by coupling the &, proton to the neutron hole excitations
in **Rn. Thus, negative parities could be assigned tentatively to the low-lying states. The
nucleus *” Fr, with four valence neutron holes and five valence protons outside the closed-shell
nucleus ** Pb, also presents a competition between neutron-hole excitations and proton excita-
tions in its low-lying level spectrum. Additionally, it should be pointed out that the higher-ly-
ing level structure in *® Fr does not follow the excitation pattern of **Rn. We will pursue

shell model calculations to interpret the level structure in *” Fr.

Key words 7-7Y-t coincidence,isomer, weak coupling
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