Target window
- Berylium or Mylar ? -

. We are planing to use a Berylium foil as the target cell window at J-PARC
E15/E17 since 75 um-thick mylar used in E549/E570 is insufficient for
~1 atm condition (NOT decompressed condition) of the 3He target cell.

X-ray transmission

Target Pressure Cell window
(@ 6.4 keV)
549 /E570 | Superfluid 4He | C€compression Mylar 75 um 87%
(102~101 atm)
E15/E17 SHe ~ 1 atm Berylium 300 um 89%

. Tomo has pointed out that the energies of kaonic berylium Paschen &
Brackett series x-rays are close to that of kaonic helium3 x-ray.

. If we would like to avoid the K-Be x-ray contamination, we might select
thicker mylar window (300 um or more?) at the expense of x-ray

transmission (58% for Mylar 300 um).
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revised!




Kaonic Helium-3 spectrum

Kaonic Berylium line — Paschen series
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- Note -

& These kaonic Be & 3He energies were
calculated by simple Schrodinger equation
(NOT correcting by vacuum polarization,
nuclear finite size effect etc...).
& The strong interaction shift and width were
set to be O.
& On the spectrum, realistic energy resolution
and statistics were applied.
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On the spectrum 3d->2p Ka 4d->2p 5d->2p Dalmer series



K-2Be

Balmer series

Paschen series

Brackett series

Energy Level (3-2) 27587.23 [eV]

Energy Level (4-2) 37242.77 [eV]

Energy Level (5-2) 41711.90 [eV]

Energy Level (6-2) 44139.57 [eV]

Energy Level (7-2) 45603.39 [eV]

Energy Level (8-2) 46553.46 [eV]

Energy Level (4-3) 9655.53 [eV] « K-3He 5d->2p
Energy Level (5-3) 14124.66 [eV]

Energy Level (6-3) 16552.34 [eV]

Energy Level (7-3) 18016.15 [eV]

Energy Level (8-3) 18966.22 [eV]

Energy Level (5-4) 4469.13 [eV] T1 Kal

Energy Level (6-4) 6896.81 [eV] K-3He 3d->2p

Energy Level (7-4) 8360.62 [eV/ ~ 6.2 keV
Energy Level (8-4) 9310.69 [eV]

Energy Level (6-5) 2427.68 [eV]

Energy Level (7-5) 3891.49 [eV]

Energy Level (8-5) 4841.56 [eV]
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Filter transmission

Transmission
[%]
ES570 Mylar 75um 87
Berylium 300 um 89 down by 65%
E17
e.g. Mylar 300umo(e’? j No contamination of
58
(E579/'75um X 4) ¢ (7O K-Be 4f->3d peak

/

This thickness might be still insufficient for E15/E17 target cell operation condition.

cf. Berylium 200 um : 93%



Backup slides



X-ray energies & yields

Energy [eV] Intensity per
EM value Measured value stopped K-
K-Be 3d->2p 27709 [1] 27632(18)| [3] 77
K-Be 4f->3d 9677 [1] - ??
K-4He 5d->2p 9767 [2] O719( [4] | 1.6 £ 0.8 % [4]

[1] J.P. Santos et al., Phys. Rev. A 71 (2005) 0325071
[2] T. Koike, Private communication

[3] C.J. Batty et al.,, Nucl. Phys. A 282 (1977) 487-492
[4] S. Baird et al., Nucl. Phys. A 392 (1983) 297-310

Difference is only 90 eV.



K-Be 4f-3d
ES70 0,677 keV

(on K-*He spectrum) 77 T
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Ratio of volume

Target cell size: ®6.8 x 10 cm
Berylium thickness : 300um

v

Berylium window volume 6.4 cms3

~2 %

Target cell volume ~ 363.2cm3
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Fig. 1. Measured spectra obtained with Li (metal) and LiH target. The Li spectra was obtained with
2.7 x 107 kaons stopping in the target whilst for LiH the number of stopping kaons was 1.9 x 107,



€ Calculated x-ray yields for 12C-=- atom

n,— n, V,=16 MeV V,=24 MeV
(4n=1)

3 — 2 - 1.6% 1.0 %

4 — 3 34.2 % 33.9 %

S —> 4 28.8 % )

6 — 5 21.4 % Same as
S 1250, > 16 MeV case
8 =& 7 5.7 % _

(4dn=2)

4 — 2 0.2 % 0.1 %

5§ —3 5.8 % )

6 — 4 7.2 o Same as

7 = 5 6.1 % > 16 MeV case
8§ — 6 3.5% _J

Koike-san’s slide (for JPS)



Berylium for X-ray window

(k) Pascal

» XRERANVUDADI U— FRIRFHEYSIIRE =

IF-1 PF-60 PS-200
99.8% 99.0% 98.0% * NUTLADT LV — RRIXEREBE =
SBES 8 U 2 ST Z—5 v F: Cuka LrJLF—UARJL: 8.041KeV HE:1.5418K
300ppm 700ppm 1,800ppm
ASSAY
100ppm >00ppm 1,600ppm 99.8% 99.0% 98.0% 98.5% 99.0% 99.0%
60ppm 500ppm 1,800ppm Thickness || THICKNESS | IF-I PF-60 | PS-200E | S-200F | S-65B. AA1100
100ppm 400ppm 800ppm [mm] inéizs ) FOIL FOIL SHEET BLOCK BLOCK (AL)
300ppm 700ppm 1,500ppm 0.001 0.988 0.982 - - - .702
25ppm 100ppm . 0.002 0.977 0.965 - - - .493
Sppm 10ppm y 0.003 0.965 0.947 - - - .346
50ppm 100ppm u 0.004 0.954 0.930 - - - .243
Sppm 20ppm - 0.005 0.943 0.914 - - - .170
30ppm 120ppm u 0.006 0.932 0.897 0.852 - - .120
10ppm 20ppm . 0.007 0.921 0.881 0.829 - - .084
200ppm 200ppm . 0.2032 | o0.008 0.910 | 0.886 | 0.807 - - .059
200ppm 100ppm i 0.2540 || o.010 0.899 | 0.765 0.849 0.872 .029
100ppm max ki 0.3048 0.012 0.868 | 0.725 0.822 0.849 -

5ppm 10ppm + 0.015 0.838 0.763 0.670 0.782 0.814 -
10ppm 0.020 0.790 0.697 0.586 0.721 0.761 -

B 0.040 0.642 0.486 0.343 0.520 0.579 -

2ppm 0.050 0.556 - - 0.441 0.505 -

P— 0.060 0.494 - - 0.375 0.404 -

25/140ppm
< 2ppm cf.) Be(1.848 g/cm3) thickness=0.3 mm :

Fe:007 % -—> 0.70 @ 8.041 keV(CUKa)



2B 26.6
<§§7]7’§‘#§
3.24 0.0 B8 R
25 15 Cam
15 /15 sk
s ! N
, === i
= 1y ool
252 | S
.35 | ||
|
=RG o| o &
S0s 22 RN - 2
s ge ¢S | S <
| .
! A SE% 5
e = = 9§ ® NS3.3
e e =
\ |
| ==p
A
12 56 (6.9
(92.4>
11547 TilE 2 B%:\VF4l24-1b
10 TJUAR Til#E 2 E&F:VF4124-10°
9 25v92  SUS3®4 B%: \VF4124-09
8 25vul  SUS3®4 B%:\VF4124-08
7 84728 Tl 2 BF:VF4124-07
SRPAC AL L Til# 1 ZF :T145338507
S XE 0 - Eh% 2R
4 Ti2A3 TiLE 1 B%:\VF4124-04 E ——
3 Tiage TilfE 1 @%:VF4124-03]/ B Bk
2 TioA A TildE 2 F:VF4124-02|/~ AR i & 7 B
1 Tiz&l TilE 2 B%:\VF4124-01| /A F2 P L B
2 & 4 nEEM & % |gI%A8 2 ¥ By 3 |23 a2 EDMH|




400

300

200

100

COUNTS/100eV
jL3~_E52e
K—~AL
9-8
| K-p
{ 2-1 K-Be 4->3
} 3-1 ‘l
4, 5-1
I ' I 3 ! } i\
(| i 'l . Kjﬁf

% l!‘%=

hmﬂ/Lf AN /\/L\ |

4 6 8 10 16
ENERGY keV
KAONIC HYDROGEN A-C

Fig. 3. X-ray spectrum obtained from data set A-C for energies less than 20 keV.

P.M. Bird et al,, Nucl. Phys. A 404 (1983) 482-494



Ratio of volume

old one
Target cell size: ®6.4x 15 cm
Berylium thickness : 300um
Berylium window volume 9.0 cm3
L -2 %

Target cell volume 4825 cm3



Mylar 75 um

C10HB804 Densitv=1.4 Thickness=70. microns
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Mylar 300 um

(75um x 4)

C10H804 Densitvy=1.4 Thickness=300. microns
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Be 200 um

Be Density=1.848 Thickness=£00. microns
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Be 300um

Be Density=1.848 Thickness=300. microns
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