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Introduction

SNACK is designed and developed in RISP for nuclear 

astrophysics study by measuring (d,p) transfer reactions 

with low-energy RI beams produced at KoBRA



Design of SNACK
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※ 100 ch. DSSD
- Active area: 60 mm x 40 mm
- Strip width: 1 mm
- Thickness: 1000 um

※ 32 ch. DSSD
- Active area: 50 mm x 50 mm
- Strip width: 3.125 mm
- Thickness: 1500 um
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※ Specification of SNACK
- Number of signal channels: 232
- Angular resolution: 1º (backward), 3º (forward)
- Energy resolution: 1% (FWHM, 5.5 MeV ⍺)
- Angular coverage:
114º ~ 156º (backward), 51º ~ 102º (forward)

- Solid angle: 1.53 sr (backward), 0.78 sr (forward)

※ 100 ch. DSSD
- Active area: 60 mm x 40 mm
- Strip width: 1 mm
- Thickness: 1000 um

※ 32 ch. DSSD
- Active area: 50 mm x 50 mm
- Strip width: 3.125 mm
- Thickness: 1500 um



18Ne beam production at KoBRA
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ΔE/E ~ 5% (FWHM),
Beam size:
~ 10 mm (FWHM)



Elastic scattering data can be used for 
the calculation of carbon/deuteron ratio

M. Febbraro et al., NIM B 410, 53 (2017)

134Xe(d,p)135Xe measurement

18Ne(d,p)19Ne for
Ex = 6 ~ 7.5 MeV
in 19Ne

MC simulation result of 18Ne(d,p)19Ne measurement using SNACK 



SNACK installation on F3 scattering chamber at KoBRA

PPAC
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Rail system for mounting 
detectors and cabling

- Adjustable detector height,
- Multi-purpose stand for
various detectors



SNACK installation on F3 scattering chamber at KoBRA

DAQ rack

Gas circulation 
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Energy calibration of SNACK

5.486 MeV alpha 
from 241Am
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CD2 target

Development of CD2 target

Requirement of deuterated polyethylene (CD2) target for 

the low energy nuclear physics experiment using KoBRA

- Thickness: 0.1 ~ 1 mg/cm2

- Size: few centimeters in diameter

- Self-supporting

- Good uniformity

CD2 powder: Late delivery, Expensive

→ Polyethylene (CH2) target have been developed in advance

Simple procedure for the target production

- Vapor heating, Vacuum oven, Liquid nitrogen are not required

RI beam



Development of CH2 target

Fume hood

CH2 powder
(few ~ few tens of mg)

+ p-xylene (~4 ml),

Hot plate with 
magnetic stirrer

+ Aluminum disk
Glass slide

(3″ × 2″, ~ 40 cm2)



Development of CH2 target

Hot water, 5 min.
Cooling down

Scratching edges
Floating on cold water



Development of CH2 target

148Gd
alpha 
source

CH2 target
- Target size:

2 ~ 4 cm in diameter
- Thickness:

0.15 ~ 0.64 mg/cm2

- Frame size: 5 cm × 5 cm

𝝓 = 4 cm



	0

	5

	10

	15

	20

	25

	30

	35

	40

	10 	15 	20 	25 	30 	35 	40 	45
	0

	0.2

	0.4

	0.6

	0.8

	1

	1.2

	1.4

	1.6

	1.8

	2

	0

	5

	10

	15

	20

	25

	30

	35

	40

	5 	10 	15 	20 	25 	30 	35 	40 	45
	0

	0.5

	1

	1.5

	2

	2.5

	0

	5

	10

	15

	20

	25

	30

	35

	40

	5 	10 	15 	20 	25 	30 	35 	40 	45 	50
	0

	0.2

	0.4

	0.6

	0.8

	1

	1.2

	1.4

	1.6

	1.8

	0

	5

	10

	15

	20

	25

	30

	35

	40

	5 	10 	15 	20 	25 	30 	35 	40 	45 	50
	0

	0.5

	1

	1.5

	2

	2.5

Development of CH2 target
d = 2 cm, 0.145 mg/cm2, 𝜎 = 10.4% d = 3 cm, 0.157 mg/cm2, 𝜎 = 11.5%

d = 4 cm, 0.331 mg/cm2, 𝜎 = 9.9% d = 4 cm, 0.636 mg/cm2, 𝜎 = 7.2%



Summary

- SNACK is designed and developed for (d,p) transfer reaction measurements

with low-energy RI beams produced at KoBRA

- Feasibility of transfer reaction measurement using SNACK was simulated

- Development online analysis code including the information from beam line 

detectors such as PPAC, SSD, plastic scintillator is remained

- Commissioning of SNACK will be performed by using stable ion beams

- A simple procedure for CH2 target production have been developed

- Thin, large, and self-supporting targets were produced

- Thickness and uniformity of targets were measured using SNACK

- Production of CD2 target is remained



Backup slides



Example of RI beam experiment: 18Ne(d,p)19Ne

Positron decay of 18F is main 
contribution of 511 keV γ-ray 
emission during nova explosion.

18F(p,γ)19Ne, 18F(p,α)15O are main 
destruction process of 18F 
production in nova.

Gamow window at T = 0.5 GK 
(Typical peak temperature of nova)
: E0 ± Δ/2 = 6.74 ± 0.14 MeV

Spin and parity, spectroscopic 
factor of the levels in 19Ne above 
proton threshold (6.41 MeV) can be 
studied by using 18Ne(d,p)19Ne 
transfer reaction measurement.

Nova explosionNucleosynthesis


