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Introduction .

o 12C/16Q ratio: after helium burning process
— affects evolution of heavy stars — supernova or white dwarf

— abundance of element of universe

* Cross Section of “He(*2C,Q)y
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— very small (~10-® nb) — coulomb barrier 1. ﬁgjg
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160 measurement

@ “He beam + y measurement
(@ 16N decay measurement
@ direct 10 measurement with 12C beam and “He target

— high efficiency (~ 40%: charge fraction)
— total S-factor can be obtained

necessary components for E_,=0.7MeV experiment

— background separation system: Ngg/N12. ratio of 10-19

— thick gas target : ~25 Torr x 3 cm
— high intensity beam: ~ 10 puA

Y (*%0) ~ 5 counts/day

— 1 month experiment for 10% error
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Experimental Setup

o Layout of Kyushu University Tandem Laboratory (KUTL)

Tandem Accelerator

buncher

chopper

~ Sputter
ion source
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E.. =2.4~0.7 MeV
E(12C)=9.6~2.8 MeV
E(150)=7.2~2.1 MeV

Recoil
Mass
Separator
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Blow in windowless
“He gas target

Long-time chopper

Final focal plane
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Windowless Gas Target

- Blow-In Gas Target (BIGT)
— windowless & high confinement capability

He in

|

beam

350 I/s

A

4.5cm " SSD: beam monitor

« center pressure: 24 Torr - post stripper is not necessary
- effective length: 3.98 = 0.12 cm (measured by p+a elastic scattering)
— target thickness is sufficient for our experiment
(limited by energy loss of *2C beam) 5



BG Reduction and °O Dete c'»-ii?m .

e Recoil Mass Separator
— 12C/18Q separation : ratio of 10-11
— angular acceptance: £1.9deg il

100% 180 can be observed
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— charge exchange Beam T |1

Syan

— multiple scattering ol 02 ED
o p/qvalue is nearly equal to 0O

ED : electrostatic deflector
D1,D2 :dipole magnet
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@ RF deflector (Long-Time Chopper)
— background reduction ~103
@ movable slits
— combination with trajectory analysis



Trajectory Analysis

12C backgrounds were rejected by slit
control based on trajectory analysis
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TOF [ns]

beam: 12C?*, frequency: 6.063MHz

— energy: 9.6MeV , intensity: ~35pnA
target: “He gas ~ 23.9 Torr x 3.98 cm
observable: 160°* 7.2 + 0.3 MeV

— abundance = 36.9 £ 2.1 % = efficiency

29hours data
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o beam: 12C!*, frequency: 3.620MHz « target: “He gas ~ 15.0 Torr x 3.98 cm
« observable: 1603t 45 + 0.3 MeV

— abundance = 40.9 + 2.1 % = efficiency

— energy: 6.0MeV, intensity: ~150pnA

Energy vs. TOF
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o 2.4MeV
~ 0 =646+2.7nh, S(2.4)=89.0+3.8keV b
e 1.5MeV

- o0~1.0nb, S(1.5)~30keV-b
— need much more statistics
— background reduction is not sufficient 10



Summary e P

 Direct 10 measurement via *He(*°C, 1°O)y reaction was
proposed to determine 12C/**QO abundance ratio in stars

* Blow-in type windowless gas target was developed, and
thickness of 24 Torr x 3.98 cm was achieved

e Background reduction was performed by using RMS, RF-
deflector and movable slits

e E.. = 2.4 MeV experiment

— o= 64.6 nb, S-factor = 89.0 keV b
e E..=1.5MeV experiment

— o~ 1.0 nb, S-factor ~ 30 keV b

— need much more statistics, and background reduction .
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e TOF information is needed for background rejection

e pulsed beam: buncher, chopper
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[Hl:ns acoeleration tube

stripper

Normal operation of
tandem accelerator.

At low acceleration voltage,
focusing becomes weak, and
beam transmission decreases.

T

O-bems Accelemtion lul:-e

Accel-decel operation
of tandem accelerator.

By alternative focus-defocus,
Focusing becomes strong, and
Beam transmission increases.



accel-decel
operation

normal
operation .
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By the accel-decel operation,
- 10 times higher beam transmission is obtained by strong focusing.

-17.5 times more intense beam can be injected, due to higher electric power
necessary for accel-decel operation.

By a large aperture (12f) gas stripper, spread in beam energy and angle is
decreased, and beam transport to the target is ~3 times increased.

Totally, beam intensity is 300-500 times increased.




pass only reaction products (*°0)

which are spread in time.

f,=6.1MHz
V,=424.7kV

V,=V,/9
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