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Two ideas for target cell

6.5 deg
11.5 deg

Configuration Path length in cell Uniformity
A. Cigar 0.3  mm

+ 6.5 deg tilt
e’ : 0.3 mm

K+: 0.97 mm △ (?)

B. Tuna 1.5 mm e’: 1.5 mm
K+: 1.5 mm 〇 (?)

6.5 deg
11.5 deg

φ200—230 A B



How target material impact a physics result

② dp ∝ t

① dE ∝ t

① Energy resolution
 Δ𝐵𝐵Λ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝑁𝑁
× 1

2.35

② Energy loss correction
 Δ𝐵𝐵Λ

𝑠𝑠𝑦𝑦𝑠𝑠.

Λ binding energy (MeV)



Δ𝐵𝐵Λ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. deterioration due to a thicker cell wall
(Tuna 0.3  1.5 mm)

Δ𝐵𝐵Λ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. = 22 keV

Δ𝐵𝐵Λ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. = 26 keV

300 μm thick  1500 μm thick:
1. MM resolution 

• 1.1  1.3 MeV
2. Statistical error Δ𝐵𝐵Λ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠.

• 22  26 keV

Negligibly small impact

Monte Carlo Simulation
based on K.N. Suzuki’s (Kyoto Univ.) Geant4 simulation 
(https://www-nh.scphys.kyoto-u.ac.jp/~gogami/e12-17-003/meeting/analysis/src/JLabMeeting_20210107_suzuki.pdf)

Tuna 0.3

Tuna 1.5

Cigar 0.3 + 6.5 deg tilt

https://www-nh.scphys.kyoto-u.ac.jp/%7Egogami/e12-17-003/meeting/analysis/src/JLabMeeting_20210107_suzuki.pdf


Thickness uncertainty  𝐵𝐵Λ
𝑑𝑑𝑑𝑑:𝑠𝑠𝑦𝑦𝑠𝑠.

t1 t2 t3 t4 t5 t6

Average of measurements: 𝑡𝑡𝑚𝑚 = 1
𝑁𝑁
∑𝑖𝑖=1𝑁𝑁 𝑡𝑡𝑖𝑖

vs. 
“Real” mean thickness: �𝑡𝑡𝑟𝑟



Thickness uncertainty  𝐵𝐵Λ
𝑑𝑑𝑑𝑑:𝑠𝑠𝑦𝑦𝑠𝑠.

t1 t2 t3 t4 t5 t6

Average of measurements: 𝑡𝑡𝑚𝑚 = 1
𝑁𝑁
∑𝑖𝑖=1𝑁𝑁 𝑡𝑡𝑖𝑖

vs. 
“Real” mean thickness: �𝑡𝑡𝑟𝑟

Ex.) In the tritium (nnΛ) experiment (2018): 
• T2:

𝜎𝜎
𝑠𝑠𝑚𝑚

= 9%  𝐵𝐵Λ
𝑑𝑑𝑑𝑑:𝑠𝑠𝑦𝑦𝑠𝑠. ~ 130 keV

• H2:
𝜎𝜎
𝑠𝑠𝑚𝑚

= 24%  𝐵𝐵Λ
𝑑𝑑𝑑𝑑:𝑠𝑠𝑦𝑦𝑠𝑠. ~ 400 keV

Nuclear Inst. and Methods in Physics Research, A 940 (2019) 351–358



Thickness Uniformity vs. Total Energy Error

Δ𝐵𝐵Λ
𝑠𝑠𝑦𝑦𝑠𝑠. ≅ Δ𝐵𝐵Λ

𝑑𝑑𝑑𝑑:𝑠𝑠𝑦𝑦𝑠𝑠. 2
+ Δ𝐵𝐵Λ

𝑐𝑐𝑠𝑠𝑐𝑐𝑖𝑖𝑐𝑐:𝑠𝑠𝑦𝑦𝑠𝑠. 2
, where Δ𝐵𝐵Λ

𝑐𝑐𝑠𝑠𝑐𝑐𝑖𝑖𝑐𝑐:𝑠𝑠𝑦𝑦𝑠𝑠. = 50 keV.

Δ𝐵𝐵Λ𝑠𝑠𝑡𝑡𝑠𝑠. ≅ Δ𝐵𝐵Λ
𝑠𝑠𝑦𝑦𝑠𝑠. 2 + Δ𝐵𝐵Λ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. 2

Δt/t 3% 5% 10% 20%
A. Cigar 0.3  mm

+ 6.5 deg tilt
20

( Δ𝐵𝐵Λ𝑠𝑠𝑡𝑡𝑠𝑠. =70)
30

(64)
60

(82)
120

(134)

Tuna 1.5 43
(70)

70
(90)

140
(150)

270
(276)

Tuna 1.0 38
(68)

46
(73)

90
(106)

180
(189)

Unit: keV



Summary

Requirement: 
• Cigar 0.3 mm + 6.5 deg tilt (Δt/t ≦10%)
• Tuna 1.5 mm (Δt/t ≦ 5%)
• Tuna 1.0 mm (Δt/t ≦ 8%)

Another option:
• Thickness mapping by nondestructive measurement
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