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Abstract

Recent development of high-energy heavy ion accelerators and the techniques to produce radioac-
tive ion beams enables us to study neutron-rich nuclei on neutron drip line. Such extremely
neutron-rich nuclei often possess exotic structures such as disappearance of the magic number
N=20 and appearace of the new magic number N=16. On the neutron drip line of oxygen
isotopes, 220(Z=8,N=20) originally expected as a double magic nucleus was confirmed to be
particle-instable, while the strong stability of 2O(Z=8,N=16) have been proved by measurement
of the excitation energy of the 2? state. On the other hand, the drip line of fluorine isotopes
is located at 6 neutrons farther than the oxygen isotopes. Therefore, the intriguing question is
raised on to how much the energy of the shell gap of N=16 changes by adding one proton to
oxygen isotopes.

In my present study, we have studied the shell structures of the neutron-rich fluorine isptopes
arround the new magic number N=16 using the method of in-beam ~ spectroscopy. The ex-
periment was performed using the in-flight radioactive-isotope beam separator, RIPS, at RARF
in RIKEN. The fluorine isotopes 242526F delivered from RIPS bombarded on a liquid-hydrogen
target. The ~ rays emmited from the fluorine isotopes were measured in coincident by inelastic
scattering or the neutron knockout reaction. We observed three new peaks of v rays from both
24F and ?°F, and comfirmed some of the peaks observed in a previous work on 2F.

Futhermore, we derived the cross sections of the obtained 7 rays, and deduced the excited level
scheme by comparing the data with theorical calculations and by examining the defference of
excited schemes in the reaction channels. Finally, the lower limits for 24F and 2°F of the shell
gap energy of N=16 was expected to to 3.7MeV and 2.7MeV, respectively.
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3.3 00000
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WBT[29]) 0000000000000 0O0O0OO000O00O0O0O00O0O0UO0O0OOOO

Channel | p(*°F,%0F)
E, [keV] o~ [mb]
478(12) | 0.84(38)
649(61) | 0.80(36)

0 5.1: p(*FF) 000000000000
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1500 —
. | s,=1070(190)
<5
i L
S L
0
5 1000 —
= L
m ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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This Work
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boodyOO0OO0O0OOO0O0O000000O0D0O00 ,0000000000020
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O00000ooooo0oo bwBAOOOOOOODOOOOOOOOOODODOODOOOOOO
0000000%F00000000000 S,[25]0 1070(190) keVOOOODODOOOOOO0OOO
000000003t 00000000000003T00000000000000000000
1704702t 00000000000000 4N 000000 1NoooooM3000000
gobooboobbooobooboobboobobooboobbooboobogs1bbon
649keV O yODO 2T - 17 00000000478keVO v00 2T -4t 000000000

J;@ E.,  dominant cordination | o[mb]
17 0  w(0d5/2)! @ v(0d3/2)" | 188.12
47 231 w(0d5/2)' @ v(0d3/2)t | 0.67
27 556  w(0d5/2)' @ v(0d3/2)' | 0.96
37 1525 7(0d5/2)! @ v(0d3/2)' | 1.17
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MeVOOOUSDBOOOOOOOOODODO USDBOODOOOOOOOODOOOOOOOOODOO
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gboooooooboboboobobbobob200y00b0O0O0O0ODOODODOOOODOD
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O0DO0O00O0OOC0O0OO0DO0ODO0ODO0ODO0O0 v—vcoincidence DOOOODOOODOO
00000000000 000O00DO0O000O00 AJooooooooooogooo
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5.2 FO0O0O0O0O0

ooooooooboododde,dOs3000004.20000000000000000000
000000 200 0 (7T20keV,1700keV) 00000000 300 0O (530keV,940keV,2700ke V)
000000000000000D00000000%F000000000000O0O (USDB[26] 0
00 WBT[29)) COOO0O0OO0O0OO0O0OO0OO0O0OOOS400000000000000000000

goooooo

Channel | p(**F,%°F) | p(*F,*F)
E, [keV] o~ [mb] o~ [mb]
530 1.22(11) | 3.69(65)
730 0.30(9) | 3.12(70)
940 0.15( 8)
1700 | 0.30(10) | 4.25(93)
(11)
(11)

2700 0.43(11
2900 0.43
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0D0O0ON=1600000000000000000000000000000000000000
00000000000000000000000000000 530keVO 0000 proton O
0000000000000000%F0 522%keVO~0000000000000000000
00000000000000000000000000000000 NirtredeqQ
) Nintrude
N’zyntrude :Ngamma(25F _,24 F) % Nmass:25
mass=24
000000000000 Nggmme®F = F) O p(*F,%F) 00000000000 522keV O
yOOOONRrude 0 Afpagmens = 26 00000000 #FO0000000000000O

mass=25

Ninass=24 0 Afragmens = 2400000000 #FO0000O0000000O0 Ninrude 00

0 Npass—24a 00000 (03.23)0000000000000 25events 000 769events 0 0 0 0
0000 Nyammae(®F =2 F)00 00 9306events 00 0000X¥FODOOO0DODOO

25
9306 x 769 = 303counts

00000000000 0000000000000 0.32mb0000000000000000
00000
ol =530 = 12240 JAmb

obooboooooooooooonoooobobobU0obOobUons30keVO vODOODO proton
gobooboogoobooo

JY  EelkeV] dominant cordination o[mb]
5/27 0 7(0d5/2)t @ v(1s1/2)? 157.94
/27 1320 m(1s1/2)! @ v(1s1/2)? 0.54

9/2f 3704  7(0d5/2)' @ v{(1s1/2)(0d3/2)'} | 0.79
3/27 3736  w(0d5/2)' @ v{(1s1/2)1(0d3/2)'} | 0.52
5/25 4413 7w(0d5/2)' ® v{(1s1/2)(0d3/2)'} | 0.33
7/2f 4893 7w(0d5/2)' @ v{(1s1/2)(0d3/2)'} | 1.10
1/25 4913 7w(0d5/2)' @ v{(1s1/2)*(0d3/2)'} | 0.07
3/25 4972 7(0d3/2)' @ v(1s1/2)? 0.75

~— — ~— ~—

0 54 DWBAODODOODO p(*F,®F)p'00000000000000DOOOOO0O0O E,=170
MeVOOOUSDBOOOOOOOOODODO USDBOOODOOOOO0OOODOOOOOOOOODOO
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000000000 0Ob00OOb0O0OnODbO1700keVO vOO 2700keVO AO000O0OCOOOCODOO
O000O00DO0O00OO00DOoOO00O0O0o0DOoOO00oOOo0 DwBADDODOOOOODOOOOO
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gboboboobobooboobooooon

0002900keV0 0000000000000 00000000000000000000
0000000+000000000000000000000000550000000000
000000000000000000000000000000000000000000 5.5
00000000000001700keV O 0O (0.30(10)mb) 00 0 730keV O v O (0.30(9)mb) O
200 y00 2700keV 000 000000000000000000 20000000000
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00000550000000000%0000000002900keV0 000000000000
000000000000000000 3/2t0009/2t00000000000
0000000200 0 (730keVO OO 940keV) 00 0000000000000 5/2700
0000000000000 0000

000000540000 ®FO000000000000OUSDBOOOODO 2FO 9/27(3/2%),7/2%,5/2%
0000000 7(0d5/2) @ v{(1s1/2)1(0d3/2)'}000000000000000 configration 0
0000 78%(68%),73%,64% 000 00000000000000N=1600000000000
000000000000000000000000000000000 E,, =2.7~4.4MeV 00
O00O0ON=160000000000000000027MeVODO0O0000%0000 ?NeOO
0000000000000000047MeVOOD 20MeVOOODO0O00O B®FO00000O0
0000000000000000000000000000000000000000

‘00000000000000000002700keV 0000000000000 00O00O0O0DOOO0DOOODOO
ooooooooooooo
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5.3 ¥FOOOOO

oooooooooodgdddey0ossb000boodo4300000000000000
00000000000 520keVO 000000000 300 ~0O (390keV,920keV,2800keV) O
0000000000 000000000000 #FO000000000000 (USDB[26]0
00 WBT[29)) DOOO0O0OO0OO0OO0OO0O0OO0OOSG600000000000000000000
(2T 000000000 (1N OODOO00D000000000000000000000000
gobooooboogn

Channel | p(**F,*F) | p(®F,*F) | p(*°F,*F)
E, [keV] o~ [mb] o~ [mb] o~ [mb]
390 4.19(29)

520 2.14(22) | 11.53(35) | 14.64(98)
920 1.11(23)

2800 2.12(26) | 6.07(37)

0 5.5 p(**F,¥F) 00000000000

J%  EeglkeV] dominant cordination o[mb]
37 0 7(0d5/2)t @ v(1s1/2)! 128.56
21 579 7(0d5/2)t @ v(1s1/2)! 0.81
17 1583 m(1s1/2) @ v(1s1/2)} 0.55
4 2403  7w(0d5/2) @ v{(0d5/2)'(0d5/2)71} | 0.81
0, 2556 m(1s1/2)! ® v(1s1/2)* 0.09
35 2801  m(0d5/2)t @ v{(0d5/2)(0d5/2)~1} | 0.29
45 3201 7(0d5/2) @ v(0d3/2)* 0.48
13 3323 7(0d5/2)! ® v(0d3/2)* 0.12
27 3386 w(0d5/2)' @ v{(0d5/2)(0d5/2)"1} | 0.18
27 3962 7(0d5/2) @ v(0d3/2)* 0.47

0 56: DWBAODDDO p(*F2F)p'00000000000000D0DOO0OOO00O0 E,=7170
MeVOOOUSDBOOODOOODODOOOO USDBOOOOODOOODOOODODOOODDOOO
0000000000000000(000000000)00000000000protond00
v(1s1/2)Y(N=14000000000)00000 v{(0d5/2)!(0d5/2) 1 }(N=16 00000000
0)0000000 (J3)000000000000000000000

0000000000 300 v0 (390keV,920keV,2800keV) 0 0 D000 OOOOOOOOO
gbooobooooooboboobobooboobooboobogosyobbobboooobon
000b0bobob000O0OprotonO0ON=160000000000000000 N=14000
00000000000000000000000000000000000000000 $F0O
ooboooobouo N=40000000D0000DOO0ODOO0O0DO0O0ODOOODOOObOOO
0000000000000 0O0D0O0O00DO00O 920keVO vOODOO proton 00 0ODO0O
N=l6OOOOooooooooooboobooobbooboboooooboooboobooobooo
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This Work
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920keV(1.1mb),
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0 O0A APPENDIX

Al OJO00O0OOOOOODOOODOObOO
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000000000 OPTRACE[31][32][33 0000000000000 00000000000
000 #y[em) 00000000 by[mrad 00000000 6% 00FDCODO00O0O0O0O0
000 [em]eppcd 0000000 fppejmrad 0000000 dppe(% 0000000000
000000000000

TFDC 1.042862 0.327018 0.984812 Tigt
Orpc | = | 0.078684 0.983729 4.514975 | - | Oig (A1)
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A2 0O0O0O0OODOO

O0oo0O0OoooooOoooOoOoOoooooDoobD Al0DOO

OD0000 |000000000  (LiveTime)geam  (Live Time)xar  eMbC EFDC
U 11331070 0.98363 0.94683 0.98842 0.93022
BE 14216555 0.98377 0.95347 0.98687  0.91960

oooon 2R 2R 26
fragment 2R 2R 2R AR 2R 26

Qlaccept 0.95588 | 0.95636 | 0.97476 | 0.93865 | 0.98226 | 0.99373
Nmass 0.82728 | 0.70616 | 0.80466 | 0.71079 | 0.75070 | 0.87743
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