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Beam system for Reaction of Isotopes of Long-life
with Light-lons Applying Normal kinemaTics
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BRILLIANT w Tiz>1day (Green)
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Nuclides 282 624 1480
Dramatically expands the research field of
nuclear excited states with light-ion reactions! Isomers 1 50 310
- N=Z Nuclei N=Z Nuclei 13 17 24
=CudennIniis) 0dd-Odd 4 92 335
* Long-life Isomer / High-Spin Nuclei
: Max Spin 9 16 3712
- Dual targets of the ground state and an isomer '
- Largely deformed nuclei Ni Isotopes 58-64 56-66 56-66
* Momentum-Transfer-Less Reaction Zr Isotopes 90-96 88-96 84-97
- Direct comparison of B-decay and CEX reactions Sn Tsotopes 119-194 112-126 106-130
- Polarization, Decay Meas., Unstable+Unstable
Pb Isotopes 204-208 202-210 190-214

534 nuclides for T12 > 5 days



BRILLIANTETEI@RCNP

Beam system for Reaction of Isotopes of Long life with Light lons Applying Normal
kinematics
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BRILLIANTETEI@RCNP

Beam system for Reaction of Isotopes of Long life with Light lons Applying Normal
kinematics
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Stopped RI Target: Implantation

¢ Implantation exp. at CRIB (May 2018)

CRIB

CNS Radio-Isotope Beam Separator

Primary target

Cryogenic H gas

Primary beam: 7Li 5.6 MeV/u
Primary target: Cryogenic H gas
Secondary beam: 7Be 4.0 MeV/u
Host target: Au (10 um)

5m In the F2 chamber
[ ' ' ' / Au target
el Collimator  (host target)
¢ ',‘ N #:, (2 mm¢) 10 ‘ﬁnt
AN T—Y,
/ ,‘/ [ybe
AVF Cyclotrciqm "rom the
>
'Be beam
Secondan?Be peam
¢ Secondary 7"Be beam intensity was checked
time to time during the experiment by Au degrader

the PPAC detector and a plastic scintillator. (15 pm)

one day of irradiation  7Be: 1.9%1012 in 2mme

by A. Inoue



Stopped RI Target: Activation

Tandem facility, Kobe Univ. (Aug. 2018)
@:tivated target

Collimator Proton beam
(2 mmo) >
e ’‘Linuclei

~

Neutron

Proton beam 2.36 MeV

7Be nuclei
Solid Li target //

P mmm—mmm e T
Intensity: ~ 400 nA et ¢ ;
Irradiation time: 2 days ' targe
100 umt
PT100
After the irradiation, the number
of 7Be was measured by using a
v LaBr; detector.

Temperature monitor

2 days of irradiation: [2.6 x 1013 7Be in 2mm ¢

by A. Inoue



Study of the contribution of the 7Be(d, p) reaction to the 7Li

problem in the Big-Bang Nucleosynthesis
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Mass fraction

Number ratio

0.27

0.26 -
0.250
0.241
0.23}

105
104

10-5

10—°

Abundance of “Li

Theoretical calc.

3 times higher than
observation

Main pass of the 7Li production is
B -decay of 7Be

3

2 3 4 5 6 78910

Baryon-to-photon ratio

x10'0

http://courses.atlas.illinois.edu/spring2010/ASTR/ASTR596/Lectures/Lect24.html



How to solve the problem

&

’Li problem

BBN theory ?

_ Something else ?
Nuclear reaction ?

v To know the cross section of the nuclear reaction is important.
v We focus on to approach from nuclear reaction.



7Li production

¢ Main component of 7Li production is the B8 decay of 7Be

several hundred
a second (~102 sec) Be | ®Be

» 5x106 sec '
6Li 7Li

D
\
\
\
\
1

+ "Be B-decay half life = 5x106 sec
T_/ ->The time scale of the B decay is

much longer than the light isotope

n production.
¢ "Be 99% depleted after 108 sec

’Be is destroyed The abundance of 7Li

before it decays into 7Li —>| is also decreased




’Be destruction

v Destructive process of 7Be
v 7Be(n, a)8Be...
v 7Be(n, p)’Li...
v 7Be(d, p)eBe...

v Why we are focusing on 7Be(d, p)?

-> cross section might be largely enhanced

at 220 keV
[S. Q. Hou et al., Phys. Rev. V91, 055802 (2015) ]

¢ Big Bang temperature : 0.8 GK
¢ Energy : 100 - 400 keV

¢ -> The predicted resonance state

Energy [MeV]

- 'Be +d
K"

A\

(5/2+)

220 keV $

16.71
°B

8Be + p

I8 In BIg Bang energy region!

’Be(d, p) cross section have to be measured at the BBN energy.




Cross section [mb]

1000

100

10

Present status of 7Be(d, p) study

R.W. Kavanugh el ul. (g.s.)
AC. Acgulo et ul. (gs+1sl exe)

C. Angulo et al. (2005)

> 7Be as Rl beam
> |nverse kinematics

!

[\

R. W. Kavanagh et al. (1960)
4 > Radioactive 7Be as target

> > Normal kinematics
BBN

» ’ S

0 0.2 0.4 0.6 0.3 1 1.2

Energy [MeV]

1.4



Activation method

Irradiate solid natural Li target using a proton beam
’Be is created via 7Li(p, n)’Be reaction

Neutron
Proton beam

7Li nuclei ‘

7Be nuclei

Solid nat. Li target



Experiment - 7Be target production
Tandem facility, Kobe Univ. (Feb. 2019)
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Experiment - 7Be target production
Tandem facility, Kobe Univ. (Feb. 2019)
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Experiment - 7Be target production
Tandem facility, Kobe Univ. (Feb. 2019)
@:tivated target

Collimator Proton beam
(2 mmo) >
e ’‘Linuclei

~

Neutron

Proton beam 2.36 MeV

Be nuclei
Solid Li target /

P mmm—mmm e T
Intensity: ~ 400 nA et ¢ ‘
Irradiation time: 2 days | targe
30 umt
PT100
After the irradiation, the number
of 7Be was measured by using a
v LaBr; detector.

Temperature monitor




Experiment - 7Be target production

Tandem facility, Kobe Univ. (Feb. 2019)

Collimator II
¢ J0C
co0c 477 keV peak "8e
( x’ * /3= target
5000 i
>
:
— & 400C | o
> :
@) r
O 3000 | F
 H
2000 -
o
- 0
1 00C | :
0
0 500 10C0

Energy [keV]

~

Neutron

Activated target

Proton beam o

e ’‘Linuclei
7Be nuclei

Solid Li target /

After the irradiation, the number
of 7Be was measured by using a
LaBr; detector.

2.6 x 1013 7Be in 2mm ¢



Experiment - (d, p) reaction measurement

Tandem facility, Kobe Univ. (Feb. 2019)

Th han
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Collimator

_ (3mmao)
1.60 MeV

Deuteron beam < 1-00 MeV
0.86 MeV

—0.60 I\/IeV
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|!PT1OO

Temperatu re monitor

Intensity: ~ 400 nA
Measurement: 2 days

Analysis is done by the thick target method.




Experiment -Data

—
o
L -

!<— Raw data (No gate)

- Coincidence gates
- Background subtraction
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Experiment -Data

Thick target method
10¢

E4 (4th layer) [MeV]

E3 (3rd layer) [MeV]

g.s.: 'Be(d, p)eBe
2+: "Be(d, p)éBe*

Deuteron energy loss

Deuteron =
Mono energy
(1.6 MeV)

Thick target




Motivation
¢ Study of the cosmological 7Li problem from nuclear reaction.

& Measurement of the 7Be(d, p) reaction in the BBN energy region.

¢ Unstable 7Be target

Achievement and Result
¢ We succeeded in producing a 7Be target (2.6 x 1073 particles)

¢ QObtained the preliminary cross section

¢ The 7Be(d, p) reaction would not contribute to solve the 7Li problem.

Remaining works
& The 2+ state ("Be(d, p)8Be* data)

¢ Analysis of E45 = 0.86, 1.00 MeV

o More precise result will be coming soon.



