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• Big Bang Nucleosynthesis (BBN) model vs. observation

• Large discrepancy for 7Li: Cosmological Lithium Problem

• t(↵, �)7Li followed by 7Li(p,↵)4He

• 3He(↵, �)7Be
EC��! 7Li

• Decrease in 7Be abundance during BBN may solve the problem.

Motivation
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We carried out the 9Be(3He,↵)8Be⇤(p)7Li reaction measurement
at 30 MeV to deduce the branching ratio for the resonance states
of 8Be at 18.91-20.2 MeV.

2� 18.91
3+ 19.07
3+ 19.235

2+ 20.1 *
4+ 19.86 *

1� 19.4 *

0+ 20.2 *

4� 20.9 *

3(+) 21.5 *

7Be + n

7Li + p

9Be + 3He � ↵
3/2�

1/2�

7/2�

8Be

...

0.429

18.899

17.255

0.478

�p1

�p0

) Experimental determination of �p1/�p0 is required!

• Production: 3He(↵, �)7Be

• Destruction: neutron induced reaction

7Be(n, p)7Li direct measurement up to 13.5 keV

7
Be(n, p1)7Li

⇤
was ignored!

Controversial points in n TOF data (up to 325 keV)

Motivation

!

!
)
inverse reaction measurements

Objective:
7
Be(n, p1)7Li

⇤
cross section using the inverse reaction data

• 35% larger cross section at low energy.

• Angular distribution was not measured.

• 7
Li

⇤
+ p1 not evaluated separately.

• < �v > was deduced using (p, n) data.
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Experimental Setup

• Q-M-D-M-D-M ststem
• (x|x) = 1.7
• (x|�) = 12.6 cm/%

Magnetic Spectrometer ENMA

SSDA
(12 strips)

SSDB
(6 strips)

SSDC
(6 strips)

FC

Telescope

�E, E

3He

4He

1 µmt 9Be target
(45 degrees)

Target Chamber

Focal Plane Chamber

• X1 (1.17 m): 3⇥NiCr wire(15 µm�),2.2 k⌦

• X2 (1.17 m): 3⇥NiCr wire(15 µm�),2.2 k⌦

• �E1, �E2: Au-W wire(25 µm�)
• Plastic Scintillator+2⇥PMT

• HV:
Cathode=-800 V
X1=950 V, X2=950 V
�E1=750 V, �E2=750 V

slit slit

25µmt
Kapton window

X1

X2

�E1
�E2

Plastic Scintillator

PMT PMT

Isobutane 150 mbar

30 MeV 3He beam

Q

M1

M2

M3
D1

D2

H: ±2�

V: ±3�

• SSD: 60⇥ 60⇥ 0.3 mm
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• SSDA: 150 mm, 48-71

�

• SSDB: 120 mm, 76-104

�

• SSDC: 120 mm, 121-150

�

• Telescope: 22.5�, 8 mm�
�E : 0.15 mm

t
, E : 3 mm

t
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Particle Identification
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�E-E at the focal plane chamber

E-ToF at SSD

the 9Be(3He,↵)8Be⇤(p)7Li reaction measurement
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Excitation Energy Spectrum of

8
Be
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p0 group

p1 group
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✓cmp = tan

�1

 
sin ✓labp

cos ✓labp � �lab
G /�lab

p

!

� = �G/�
cm
p

✓
d3�

dEXd⌦↵d⌦p

◆cm

=

|1 + � cos ✓cmp |
(1 + 2� cos ✓cmp + �2

)

3/2
⇥
✓

d3�

dEXd⌦↵d⌦p

◆lab

Ecm
p =

1
2mpc2{

�
�lab
p cos ✓labp � �G

�2
+

�
�lab
p sin ✓labp

�2}

8
Be recoils at 180

� ± 20

�
with E ' 0.2 MeV

Di↵erential cross section in the rest frame of

8
Be!

Reconstruction

Two-Body Kinematics

• Reaction (9Be + 3He ! 8Be⇤ + ↵)
• Sequential Decay (8Be⇤ ! 7Li + p)
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P1 = cos ✓cmp
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1

2

(5 cos
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Fit with a series of Legendre polynomials

up to 3rd order

8Be⇤ ! 7Ligs + p0
8Be⇤ ! 7Li⇤1st + p1

then,

d2�
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Z
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3X

L=0

ALPL(cos ✓
cm
p )

EX = 19.15-19.25 MeV EX = 19.75-19.85 MeV
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Di↵erential Cross Section

(a) 9Be(3He,↵)8Be⇤(p0)7Ligs reaction

(b) 9Be(3He,↵)8Be⇤(p1)7Li
⇤
1st reaction

(c) the ratio of data in (b) to the ones in (a)

Ratio is:

!much larger than the prior results ('1%)

!a new resonance state below 18.91 MeV?

!large contribution at the 19.86 MeV resonance.
d2
�
/d

⌦
dE

X
[µ
b
/s
r
10
0k

eV
]

R
a
t
i
o
[
%
]

EX [MeV]

about 10% around 18.9 MeV.

about 80% around 19.8 MeV.

about 5% around 19.2 MeV.

!truly a large �p1/�p0?
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!small at the important energy region in BBN.

!near 2

�
(18.91 MeV) resonance

!near 3

+
(19.235 MeV) resonance



Fit Results

Preliminary Results
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Resonance Fit

SLBW (18.91 - 20.2 MeV) fit

• Large p1 contribution at 18.91 and 19.86 MeV

resonance states.

• Small contribution at 19.235 MeV.

EX [MeV] J⇡ �p1/�p0 �p1/(�p0 + �p1) [%]

18.91 2� 2.32⇥109±5.73⇥1018 100±139

19.07 3+ 1.27⇥10�1±2.97⇥10�2 11.3±2.6

19.235 3+ 1.33⇥10�2±5.38⇥10�3 1.3±0.5

19.4 1� 1.69⇥10�4±5.84⇥10�1 0.01±58

19.86 4+ 2.09⇥108±6.49⇥1015 100±37

20.1 2+ 1.44⇥10�1±4.44⇥10�1 12.6±38.6

20.2 0+ 1.92⇥10�1±1.06⇥10�1 16.1±8.6
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Conclusions and Perspectives

• The 9Be(3He,↵)8Be⇤(p)7Li reaction measurement to deduce the �p1/�p0

ratio for each of the resonance states of 8Be.

• Succeeded in measuring the 7Li⇤ + p1 events!

• Large ratios were found around EX = 18.91, 19.86 MeV.

• Small ratio around the most important energy region (EX = 19.235 MeV),
suggesting that the 7Be(n, p1)7Li

⇤ reaction cross section may not solve the
lithium problem.

• Systematic errors.

• Resonance fit should be more rigorous. Then, evaluate the reaction rate
< �v > and run the BBN calculation!

• Need to improve the statistical accuracy!Additional beam time!
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