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AVF Upgrade Project
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CRIB; Low-Energy In-Flight RI
Beam Separator at CNS
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Beam size of 140 at F3
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Radioactiv Beams produced by CRIB (A<20)
- with room temperature target -

Secondary Primary Reaction |Target Intensity |Purity
Beam Beam (mg/cm2) (1/sec)

‘Be* 81AMev ['Li*150pnA ((p,n) H, gas (0.67) [3x10>  |100%
10C6*+ 6.1 AMev [19B4 200 pnA |(p,n) CH, gas (1.33) |1.6 x10> |90 %
BN™ 6.5AMev [13C>*500 pnA |((p,n) H, gas (0.33) [2x10> |95 %
1408+ 6.7 AMeVv |[1“N6* 500 pnA |(p,n) CH, gas (1.33) |1.7x10° |80 %
189+ 27 AMev  [18O% 500 pnA |(p,n) H, gas (0.67) [1.5x10° |98%
11C 3.4 AMeV 10B4+ 200 pnA |(*He,np) |*He gas (0.25) [1.7x10% |17 %
2N 3.9 A MeV 1084+ 200 pnA |(®*He,n) |3He gas (0.25) [2.5x10% |3 %
L1 6.5 A MeV ‘Li%* 330 pnA |(d,p) D, gas (1.33) [2x10> |98 %
7N 2.0 A MeV 1806+ 750 pnA |(°Be,*°B) |Be foil (2.5) 1x10° |25 %




Radioactiv Beams produced by CRIB (A>20)
- with room temperature target -

Secondary Beam |Primary Reaction |Target (mg/cm2) |Intensity |Purity
Beam
’INa 42 AMev  |?°Ned" 200 pnA |*He,np) |®He gas (0.25) |2.3x10* |12%
no WF
Mg 4.6 AMeV  |°Ne8* 200 pnA |(®*He,n) |*He gas (0.25) |6.6x10° |3 %
no WF
Al 40AMev  |?*Mg8" 125 pnA|(CHe,np) |°He gas (0.25) [1.2x10% |6 %
no WF
°Si 4.0 AMev  |?*M@®* 125 pnA|(*He,n) [3He gas (0.25) |3x10° 1.5%
no WF
23Mg 4.0AMeV  |2*M@®* 125 pnA ((d,t) D, gas (0.33) |3.2x10* [12%
no WF
ArSt 4.0 AMev [OArtt* 120 pnA ((3He,a) [*He gas (1.0) |3.2 x10* |20 %




RIB intensity to be obtained at

CRIB

*Production target

*Primary beam intensity
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~Ix10 by Cryogenic target 29]30

108 pps = direct measurement
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Recent Development

System development;
New lons — P, Fe, Rb,

Super ECR source installation to AVF
(CNS Iss’ supply all the beams for AVF cyclotron)

AVF upgrade — Acceleration > 10 MeV/u
— Better transmission

- RIB production with fusion reactions

e.g. 45Cr

- Trojan Horse Method applied for stellar

reaction study.




What Is First generation star ?

Very massive ?
Ends with a Supernova ?
S How to make CNO ?

Galaxies



Nuclear Reactions
In the pp-Chain

First Generation Stars

/

H~75 %
He~25%

)

Big Bang

Nucleosynthesis

Proton numbers
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|
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| 4-H — *He

+ Energy (~26 MeV)

Neutron numbers




vp-process in SNell

Extremely high flux of vinduces proton-rich environment

In the very early stage of SNell T ve+ne>pe-
without v with v ve+pente+

5% I_ | " r1I|r||'r11““J|]k'ﬂll”I'M O S
et Need physu:s both of
| Ip-rich and n- rlch nuclel |

— D- ' ' 17 L/ N -
p-nuclei production !” Hranajo, OMEGOS)




The pp-Chain

q
In progress

at CRIB

Proton numbers

(Hot PP ) [

4+H — “He

+ Energy (~27 MeV)
Neutron numbers




Be(p,y)B study

H. Yamaguchi (CNS) , et al.



Astrophysical S-factor of ‘Be(p,y)°B
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® Experimental uncertainties are still large.
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High T
rp-Process |[ Explosive
Hydrogen
kBurning )

(e.g. X-ray burst, SN)
140 (o, p)Y7F

Onset of rp-
process

<
20 Ng 21 Na

9., Ne(op)=Na
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Recent Result;
Resonance Search of 13N+p

by T. Teranishi (Kyushu U.)



I3N+p experiment (**O resonances)

@® Search for
unknown resonances Jr? —
Astrophysical

13N(p,y) 4O reaction 0-?
ates 4.6280
® Spectroscopic N+p

factors for single-
particle proton
orbitals

single particle resonance ?
(P1/2°S12) J=07, 1-
(P1/2°dsp) I=27, 3

7.77 2t
. 556.59-4%7
5 gp_ 0.7 I3-
5.17 - [~ot
J7T=O+

|4O



<do/dQ> (b/sr)

1.0

0.5

0.0

0.0

I3N+p result (**O resonances)

| ] 1 ] | ] I | I I | | | I I
| Detector #1 3~ | 0.45= 0 deg .
e 1_ —
i E,=5.17 MeV New B
. p 2-at E =6.79 MeV __

j — Energy resolution
- | Detector #2 6.,5= 16 deg. 7 ~20keV (FWHM)
| Gap due to

SSD (AE-E) Level at E, = 6.79 MeV
- dead layers
B (r =-) by *N(3He,t) reaction
T N e — New J™ assignment J* = 2~
i o, | v, . . 1 . [ INewsignature of O~ level
0 1 2 at E, =5.71(2) MeV
Solid line: R-matrix E oy (MeV) with T = 400(100) keV




Summary of 13N+p

E, =
p— (keV) (keV)
6.27 3- 1- S, | 42(3) 45
| 0- |s,, |400(100) |550
5.17 1- 143€|i|2i 3” ds, [42(3) 53
T > |d,, |96(4) 130
140

® The first experimental signature of the 0~ levels in 140O.

® J™ = 2 has been clearly established for the 6.8 MeV level.
@® TheI of 1,0, 3- & 2~ levels are comparable to the single-particle values (I's.p.).

I's ,. values were estimated using phase shifts in a Woods-Saxon potential model.

1- & 0~ levels: 13N+p (2s,,,) resonance
3~ & 2~ levels: 13N+p (1d./,) resonance




T=1 triplets in A=14 nuclel

7.341 2 9.509 2l 670 new, T~l,
7.012 2 b 6.59 2t
6.903 o ol 2
6.728 37--~:-8.907 3= I'~I
6.589 0 8.776 -P-
~8.618 o*
6.094 1"~ new O T'~T'g,
7 8.062 e
51 - T~T,,
0.0 0+ 2.313 0+ 0.0 0+
14C 14N (T=1) 140)

Very large Thomas-Ehrman shifts for s-wave resonances !



22Mg+p Resonant Scattering

J.J. He, Lanzhou/CNS



Early Stage of
rp-Process 1 a

#
In progress

at CRIB

® Breakout process
from NeNa Cycle

® Production of 22Na
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Counts/ 35 KeV bin

Spectrum of 22Mg+p Scattering
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Level Scheme in 2Al

Present Shell-model  “Mg('Li,’He) ZAl(y, p)
ZZMg+p +
,’é//223_—4.394
. S ——4.178
(7/2°) 3.95(30) gg ~_ - 3.826
(7/2*,5/2%) USSR ——3.699(24)
2 512" 10t 31494
r e g;ig;gg%«ﬁ,.s/z; 3.237  ——3.204(21)
3.00(20 1/2;——2.828
9/2} ——2.516 ——2.575(34)
5/2;, ——2.183 )0
3/2¢ 1.767 '
2 D GyfA 1.773(35)
1/27 ——0.991

—0.550(20) (1/2")——0.5

0 5/2; —0 —0 (5/2"y —0

23A|



Comparisons

E, Voot | Veac | £ | Tom™ | o™
0.55 (1/2%) 1/2,* | 0 0.074
1.77 (2/2+) 202 + | 2 1.0
300 Qood tool ’Fo study |

single particle state@the excited core
3.14* | |component |
3.26* | (7/2*,5/2%) | 5/2;* | 0O 30(20) 10
3.95% | (7/2%) 712,55 | 2 30(20) 18

* Their widths are for the decay branches to the 15t states in 22Mg.

(Energy in MeV and width in keV)




(p,y) Reaction under
High Temperature Equilibrium

' ' ' The core-coupled single-
Direct mfor_matlon < P g
(p,y) on excited state

particle structure

Partition:

1.0

T=1
3x106 | 0.04

096

3

=(2J:+1)exp(-Ex/KT)
F/
| 1.25

Gamow
Window

T4=3
T4=1 I

¢ - - ——————— [ —— =

23A|



22Mg(p,y)=2Al Stellar Reaction Rate
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Higher Rl beam Production



RIB intensity to be obtained at

CRIB

*Production target

*Primary beam intensity
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|
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Mg

~Ix10 by Cryogenic target 29]30

108 pps = direct measurement
of (p,y) reactions
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12

primary beam 10 puA

2

primary target 2 mgl/cm
Stable 108
available 107
106
105




Many heavy ion beams are available
with higher beam intensities.

- Target foil durability limits the use.

}

* Window-less target
= With better primary beams




Production of fp-shell Rl beams



12C+38Ar —4Cr Fusion Reaction

Esum (MeV)

| of Monolithic SI@F3

W.F. 80kV =
—— gE,
(Plwillbe
Improved ;
= Swith £200KV)sf
dE (MeV)

Nuclide 46Cr 46\/ ST 46T 43Sc 43¢ 40Ca 36Ar Total

Purity (%) 1.2 28.6 3.0 38.2 13.1 0.9 0.7 15.4
2.4 57.3 6.2 76.6 26.4 1.8 1.4 33.2 213

Intensity (pps)

Purities and intensities of secondary beams with primary beam of 20 pnA



Rl beams of fission products



CRIB—Gas-filled Recoll Isotope Separator

. get
H or He gas Bl target dow foils
F1: Momentum | (J
Dispersive X B
Focal Plane s ;‘;: P”mar Beam (| Ar beam
- Momentum Slit . (Low. -Energ, ) Fl’om A
- Degrader (thin foil
’ ( ) n . From®=— VF
RIKEN AVF o
B _= Cyclotron
Fl 5 f F2: Achromatic
( Focal Plane
‘ _ Experlmental setup

2 C " l-l V10 ¢ ..' ,_ 2]

Fission
Fragments

| F3

5m



Mass resolution and yields

Preliminary tests have been made;

A large production of the fragments
(o > 1b)
AM/M ~ 10-15 % for A~100
(2-3 % -- best value In a literature)

-> Need good ID method.
mass measurements, ..,
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