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Abstract

It is important to determine the radiative decay widths of the excited states above the a-decay
threshold in '2C from a view of nuclear astrophysics. These widths are indispensible to calculate
the production rate of 2C nuclei under high-temperature condition such as supernova explosions.

We propose an inverse kinematic measurement of inelastic proton scattering from '?C at an
incident energy of E = 20.8 MeV /u to determine the radiative decay widths of the 05, 3] and
25 states in '2C which are located above the a-decay threshold.

In the proposed experiment, we will analyze the scattered '2C using the Grand Raiden spec-

trometer in coincidence with the recoil proton using the Si + Csl counter telescope.

1 Motivation
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3 Experimental Procedure

3.1 Experimental Setup
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Grand Raiden
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3.2 Detectors
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4 Simulation
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5 Yield Estimation

0000~0000 2CO 27 (4.44 MeV), 05 (7.65 MeV), 37 (9.64 MeV) OO 25 (9.84 MeV)
000000000000000000000000
0000000000000000000000000000Yield(0O00DO00O00DO00OO
0000)00000000000000

YMszWK%@AQzHNM%@AQ

O000FO000D0O00O00 [/sec]0N;,00000000de/dQ0O00O0000AQDOODO
Otr] 0000000000000 [prAl0¢t000000 [g/em?]0N4(=6.0x10%) 000
00000000000000000000000 100000000000000 YieldOOD
00000000000000000 100000 0.074str0000000 100000000
00000000000 (0000)00100000002; 000000000000 Ref. [4]
0000000000000 000000D00000000 Ref. 3100000000

000000000000000000000000 100000000 CCs10000000
0000000000CGI0000000000000000000000000 37, 27,05, 24
0000000000000 000000D0D0000 CsI00D0 100000000 3kepsO0O
000000000000 1000000000003, 0000000 80cps00000O0
00000 1.6keps0d2 0000400 cps 0 0000000000000 O0000OO0; 000 27



2000000 00000 mb/str Yield keps

07 (0.00 MeV) 53 13
27 (4.44 MeV) 14 3.3
05 (7.65 MeV) 2.6 0.6
37 (9.64 MeV) 28 6.7
27 (9.84 MeV) 1.2 0.3

01:000100000 (37°)00 2Cc0000000000000000D000000000
0000010000 Yield(00OD0: 3mg/em?000000: 2pnA 000)0

38

37 ¢

36

35 ¢

E,(31) — E.(07)

33 |
32 |
t

31 r

0 1 2 3 4 5 6 7 8
mass thickness (mg/cm?)

01:00000000000000003;,0000;0000000000000

00000000000000000 1000000000CI000 100000000000
00 3keps 000000000000 100 (CsIx8) 00 YieldO0O 100000000

00000000000000000000000000 YildO0OOOOOO0OO00000
00000000000000000000000000000000000000000000
00000000000000000000000000 100000000000000000
00000000000000000000000000000000000000000000
0000000000000000000003;0000;00000000000000 (0)0
0000001100000

000000000000 3mg/em?0000 0§ (7.65 MeV) 0000000 37 (9.64 MeV)
0000000360 00000000000003mg/em?0000000000000000
01000 VYield00OOOOOOO0O0000000 2pnA00002pnA 000000000
0000000000000 200000000000000000000000 300KO0O0
000000020mmO CH, 000000 100KOOOOOO0OO0000000000000
00 RCNPOOODODOOO (50000 CH, 000000000

10



5 + 9.64 MeV
- 7.65 MeV
* 4.44 MeV
. g.s.

9.84 MeV

UL

o
(3]

T TT

i =N

T T T

o

T

w

theta x [de‘gree]

o
a
T T

T

12'500 2050 2100 2150 2200 2250 2300 2350 2400
momentum [MeVi/c]

012: 000 100000000000000000000 2C00000000000000
000000000 Grand Raiden0 00000000

0000010000 20000000000000000000000 1200000001
000000000000 Grand Raiden0 00000 2CO0000000000OO00OOOO
000Grand Raiden 0000 000000000000000D0000000O0F,37,25 000
0000 ?2C0000000000000000010000000000000 2¢O Grand
Raiden 00 0000000000000 0O0O0DOODOO0O0O0O0OO0O0O0O0O0O0DOOOOOOOO
Grand Raiden 000 000000000000000O0O0O0O0O0O0O0O0O0O0O0OOOOOOOO
00000000000 100000000000 900 Grand Raiden 0000000000
O00o00oooooo

00000D0D00000000000 2Cc000000~000000000000Ref.[6]0
0005000 000083+1.0eVO000000D0A0000 3.7+405meVO000000
0000000000+ 00000000 44+05x107400000003; 00000000
0000 34+5keVO00000O000O00D0O0~0000 0 10meVOOODOODOODOOO
00400000000 10700000025 00 Ref. [40000000 1.01+0.15MeVOD
000000000000 00000 10meVOOODOOOOyO0000O00O0O 107800
00000002400 (864000)000000000000000000000DO0O0O0O0OO
20000000

000002 000+000000000000000000D00000000 00000
00+0000000000000D0D00D0D0D0OO003;0000000000000000
0000000000o00o0oo

11



2cooooo o000 yO0O0 0000000 000000
0F (7.65 MeV) 83+1.0eV 3.7£05meV 4.440.5x107* 2.1 x 10*
37 (9.64 MeV) 34 +5 keV 0 10 meV ~ 10 5.2 x 102
23 (9.84 MeV) 1.014+0.15 MeV O 10 meV ~ 1078 0.4

0200000001 C000000~00000000

6 Running Time

gooooooooooooO0ooooooooo0oO00 120000000000D0CH, OO
00000oooD 240000000000 CH, 0000000000000 O0O0O0DODODOODODOO
00000™CO00000000000000000 12000000000000000000
gb4800000000000000O0

1. ObDOoO0o0oooooboboooboobooooogo 1200
2. OO0 2400
3. DOO0oOooooDooDo 1200

gooboooooooobooobooobobooooboooobooooboobooobooooboOo 3booon
gboboooog

oo

[1] F. Hoyle and W. A. Fowler, Astrophys. J 132, 565 (1960).

[2] D. Chamberlin, et al., Phys. Rev. C 10, 909 (1974).

[3] J. Kirk. Dickens, et al., Phys. Rev. 132, 2159 (1963).

[4] M. Itoh, et al., Phys. Rev. C 84, 0534308 (2011).

[5] T. Kawabata, et al., Nucl. Instrum. Meth. A. 459, 171 (2011).

[6] F. Ajzenberg-Selove, Nucl. Phys. A. 506, 1 (1990).

12



