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Abstract

It is known that the neutron drip line of fluorine isotopes at N=22 is much different from that of oxygen
isotopes at N=16. Currently, the origin of this unexpected change of the neutron drip line, called neutron
drip line anomaly, has not been revealed yet. One of the reasons is that only few experiments for fluorine
isotopes near the drip such as 2°F have been carried out, and they are not sufficient. On the other hand,
it is clarified that 24O is a double magic nucleus from the facts that the first excited state of 24O is located
at 4.47 MeV, and the occupation number of the neutron s orbital is large. Spectroscopic studies of nuclei
around the doubly magic nucleus 2O are necessary to understand the neutron drip line anomaly.

26F can be regarded as a closed-shell nucleus 2*O plus a proton and a neutron. The low-lying states
of 26F arise from the coupling of Ods /2 orbital proton and Ods/p orbital neutron. Investigation of the
low-lying states of 26F thus provides the proton-neutron interaction in the orbitals. In the present study,
invariant mass spectroscopy is applied to 2°F in the three reactions, one proton removal reaction of 2’ Ne,
one neutron removal reaction of 27F, and inelastic scattering of 2°F on a carbon target.

The experiment was performed at RI beam factory at RIKEN. Secondary beams of 2’Ne, 2’F, and 2F
were generated and purified at BigRIPS. The 2"Ne, 27F, and 2°F ions impinged on a carbon target at inci-
dent energies of 227 MeV /u, 205 MeV /u, and 201 MeV /u, respectively. Momenta of a charged fragment
and neutron emitted in the reaction with the carbon target were detected in coincidence and analyzed by
the SAMURAI spectrometer, then relative energy spectra were the obtained by using the invariant mass
method. Resonance states of 2°F at 0.341+0.002(stat.) MeV, 0.70+ 0.07(stat.) MeV, 1.04:0.1(stat.) MeV,
1.55+ 0.03(stat.) MeV, 1.73+0.01(stat.) MeV, 2.56+ 0.04(stat.) MeV, and 4.49+0.04(stat.) MeV were
observed for the first time. Inclusive cross sections for producing 2°F from 2’Ne, 27F, and ?°F are deter-
mined to be 9.14+0.3(stat.) mb, 74+9(stat.) mb, and 51+2(stat.) mb, respectively. It is concluded that

the observed resonance at 0.341 MeV is a 37 state of 2°F from comparison with shell model calculation.
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3.2.5 BDC1, BDC2

BDC10BDC2 (Beam Drift Chamberl, 2) 000 0000000000000 O00O0OOOOOOOOOOO
000000oo0o00o0oo0o000 180 BDCOOOOODOOO1IO0OD0OO 1600000000000 5 mm
0000000000000 0ooUooUDo XoX'ooooo YOYoo 8opoouopoouooooo
XY)WooX(y)oooooooooo 25mm 000000000 O0OO0ODO0ODOODOOODOOOOOO
ASD (Amplifier Shaper Discriminator) 0000000000000 0O00O00O0 100 Torr O i-C4H1o 0O O
0o0BDC1OBDC200000000000000000000000000000O0OOOOOOOO 30
BDClO2000000000

gooo 80 mm x 80 mm
od 80 (XX'YY'XX'YY)
goodgogo 16 0 x 80O =12801
ooooooooog | 2.5 mm

oooo i-C4Hyo (100 Torr)

03 BDCIlOBDC2000O



33 00000000000 17

320 - 10
ey
° 9 ASD
e
: : o BDC box
© © [S) ] © O = =
( | i : L I A N I
it ]| ‘ BDC
i [P © © 9o}l L
= © -4 Vacuum
*0 OET ,©i a7 e i@, :ﬁo o; ! 7Window
i © ® ! [ N
LJ 1 H LJ Hs
— .©-4} T LP i__@- b ol|!
boH :
N 4
©§ L |o P 17@241 o ol| |
1 T 7
N N R N ]
. o
==
Y

018 BDCOOOO [17]

3.3 Uoooououooooo

gopbooooooooooooobooooobooooboooooooooOooooDbOoooobDOooDboboOooo
00000o000oo0oU0oo0o0oo0o0oO0o0oUooo0 SAMURAIOOOOOOODOOOODOOOO
go0oooOoooOoOoOoOOO SAMURAIOOOOOOOODODOOOOOOOOODOD FDC1O FDC2
gobodoobooooboooooooooobooooboooobooooooooooOooobOOOoOooboOooon
oo0oooooo0oo HObFOOOOOOOOO

3.3.1 FDC1

FDC1 (Forward Drift Chamberl) 00 0000000000000 0O00O0DOOOO0ODODOODOOOOO
O000O0-SAMURAIOOOOOOOOOOOOOOOOOOOOUOUD 190 FDC1OO0OOOOOO
FDC1O 10000 3200000000000 10mmO000000000O000O0O0OOOOOOOO XO
X00O0OO0OoOO0OoO £30°00000 U0DUOVOVOD 400000000000X(UODV)00O X(U'O
V)OOOODOOO0DOO0O05mmO00000000DO0O0O00O 50 TorrO i-C4H;oOOODODOO 40 FDC1
goboocooood



33 00000000000 18

oooo 315 mm ¢

oo 14 0 XX'UUVVXX'UU'VV'XX’)
goooog 320 x 140 =4480
OO00oCocOoOoooO | 5mm

oooo i-C4H;o (50 Torr)

04 FDC1OOO

L i
e el ele. e o 9.Q.9.9.9.9. 9. ©.0.]9 9. ¢ 9

e

0 6 0o 0 0 90 6 '© 60 9 O
340
696

019 FDC1OOOO [17]
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A.1 Event mixing
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A.2 TIteration
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