
Target window
- Berylium or Mylar ? -

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

• 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 (300μm or more?) at the expense of x-ray 
transmission (58% for Mylar 300μm).

Target Pressure Cell window X-ray transmission
(@ 6.4 keV)

E549 / E570 Superfluid 4He decompression
(10-2~10-1 atm)

Mylar 75μm 87%

E15 / E17 3He ~ 1 atm Berylium 300μm 89%

Oct 1, 2007  S.Okada  revised!
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Kaonic Helium-3 spectrum

K-3He
3d->2p

K-3He
4d->2p

K-3He
5d->2p

Ti
Kα

Ni
Kα

Kaonic Berylium line Paschen series
Brackett series
Pfund series

Balmer seriesOn the spectrum

 - Note -
 These kaonic Be & 3He energies were 

calculated by simple Schrödinger equation 
(NOT correcting by vacuum polarization, 
nuclear finite size effect etc...).
 The strong interaction shift and width were 

set to be 0.
 On the spectrum, realistic energy resolution 

and statistics were applied.



K-3He 5d->2p

Ti Ka1
K-3He 3d->2p

~ 6.2 keV

?

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]

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]

Energy Level (6-4)  6896.81 [eV]

Energy Level (7-4)  8360.62 [eV]

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]

Paschen series

Brackett series

Pfund series

Paschen series
Brackett series
Pfund series

Balmer series

K-9Be



Filter transmission
Transmission

[%]

E570 Mylar 75μm 87

E17
Berylium 300μm 89

e.g.  Mylar 300μm
(E570: 75μm x 4) 58

down by 65%

No contamination of
K-Be 4f->3d peak

cf. Berylium 200μm : 93%

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

or more?

or more?



Backup slides



X-ray energies & yields

Energy [eV] Intensity per 
stopped K-EM value Measured value

K-Be  3d->2p 27709 [1] 27632(18) [3] ??

K-Be  4f->3d 9677 [1] - ??
K-4He 5d->2p 9767 [2] 9719 [4] 1.6 ± 0.8 % [4]

[1] J.P. Santos et al., Phys. Rev. A 71 (2005) 032501
[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.



3d-2p

4d-2p

5d-2p

9.677 keVE570
(on K-4He spectrum)

K-Be 4f-3d

K-3He EM calc. : ~ -200 eV?



Ratio of volume

Target cell size :  Φ6.8 x 10 cm
Berylium thickness : 300μm

~ 2 %Berylium window volume
Target cell volume

6.4 cm3

363.2 cm3=

　Target Cell for tests

Material                           : Stainless

Thickness of all window : 0.1 mm

Resist Pressure                : 2 atm



488

 

C. J . BATTY et al .

both upstream and downstream of the degrader, were addit ional ly used to reject
pious . The X-rays were detected with an 80 mmZ area Si (Li ) detector in the case of
the Li and LiH targets and with a 4 cm3 planar Ge(Li ) detector for the Be data .
The measured in-beam resolution of the Si (Li ) detector was 284 eV (FWHM) at
14.41 keV whi lst that of the Ge(Li ) detector was 384 eV at 26.35 keV. Those X-rays
in time coincidence (30 ns resolution) with a stopped kaon signature from the fast
electronics system were digit ized with a 4096 channel ADC and stored in an on- l ine
computer system . In the case of the Li data, cal ibration spectra were taken using a
s 'Co source at intervals during the running time . To minimise count rate effects
only cal ibration events occurring during the beam spi l l were recorded . The maximum
changes in the posit ion of the 14.41 keV peak over the period of the whole run were
found to be less than f20 eV. Forthe Be data theADC wasequipped with a two-point
digital stabi l izer which monitored the posit ion of the 6.400 keV atomic X-rays and
122 .063 keV y-rays from a s 'Co source placed close to the detector and which
automatical ly compensated for dri fts in the gain or zero-offset of the ampl i f ier /ADC
system . Cal ibration spectra were accumulated simultaneously with the data by
accepting random coincidences between the detector pulses ( largely due to the
s 'Co source) delayed by 200 nsec and the stopped kaon signature. The width of this
delayed pulse was adjusted to give a reasonable counting rate for the cal ibration
peaks . These cal ibration events were stored in a separate section of the computer

Eneryr

Fig . 1 . Measured spectra obtained with Li (metal ) and LiH target. The Li spectra was obtained with
2 .7 x 10 ' Icaons stopping in the target whi lat for LiH the number of stopping kaons was 1 .9 x 10 ' .



Koike-san’s slide (for JPS)



Berylium for X-ray window
! X!"#$%%&'()*+,-./0123 !

　 IF-! PF-60 PS-200

Be 99.8% 99.0% 98.0%

BeO 300ppm 8,000ppm 20,000ppm

Fe 300ppm 700ppm 1,800ppm

Al 100ppm 500ppm 1,600ppm

Mg 60ppm 500ppm 1,800ppm

Sf 100ppm 400ppm 800ppm

C 300ppm 700ppm 1,500ppm

Cr 25ppm 100ppm +

Co 5ppm 10ppm +

Cu 50ppm 100ppm +

Pb 5ppm 20ppm +

Mn 30ppm 120ppm +

Mo 10ppm 20ppm +

Ni 200ppm 200ppm +

Ca 200ppm 100ppm +

Zn 100ppm max 　 +

Ag 5ppm 10ppm +

Ti 10ppm 　 +

B 　 3ppm +

Cb 　 2ppm +

Li 　 3ppm +

U 4 2ppm 25/140ppm -

Th 4 3ppm 4 2ppm -

! !"#$%&'()*X+,-. !

(/(012: CuK" 3456('75: 8.041KeV89::1.5418!)

　
　
THICKNESS

(In

inches)

ASSAY

99.8%

IF-I

FOIL

　
99.0%

PF-60

FOIL

　
98.0%

PS-200E

SHEET

　
98.5%

S-200F

BLOCK

　
99.0%

S-65B.

BLOCK

　
99.0%

AA1100

(AL)

0.001 0.988 0.982 - - - .702

0.002 0.977 0.965 - - - .493

0.003 0.965 0.947 - - - .346

0.004 0.954 0.930 - - - .243

0.005 0.943 0.914 - - - .170

0.006 0.932 0.897 0.852 - - .120

0.007 0.921 0.881 0.829 - - .084

0.008 0.910 0.886 0.807 - - .059

0.010 0.899 0.835 0.765 0.849 0.872 .029

0.012 0.868 0.805 0.725 0.822 0.849 -

0.015 0.838 0.763 0.670 0.782 0.814 -

0.020 0.790 0.697 0.586 0.721 0.761 -

0.040 0.642 0.486 0.343 0.520 0.579 -

0.050 0.556 - - 0.441 0.505 -

0.060 0.494 - - 0.375 0.404 -

(株) Pascal

0.3048

Thickness
[mm]

0.2540
0.2032

cf.)  Be(1.848 g/cm3) thickness=0.3 mm :
--> 0.70 @ 8.041keV(CuKα)Fe : 0.07 %
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P.M. Bird et al. / Kaonic hydrogen atom X-rays 
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Fig. 3. X-ray spectrum obtained from data set A-C for energies less than 20 keV. 

least-squares method by the convolution of a lorentzian line shape with the detector 

response which was taken to be a single gaussian. The detector response and energy 

calibration were obtained by a least-squares fit to the calibration spectra. In order 

to reduce the number of parameters varied in fitting the observed energy spectra 

the energy separations of X-ray transitions leading to the same final level were 

fixed at the calculated electromagnetic values which have an uncertainty of 2 eV. 

The derived strong interaction shift and width are cls = 0.193 f 0.060 keV and 

TIS = 0.08 * 0.22 keV respectively. These results will be discussed in a later section. 

The results obtained with data sets D-F are displayed in figs. 4 and 5 and again 

correspond to a total of (1.4* 0.7) x lo8 kaons stopping in the liquid hydrogen. 

The identified contaminant lines are listed in table 3. Comparison of figs. 4 and 2 

seems to indicate increased pion contamination in the later data set and in addition 

a small structure at 42.320 keV attributed to the TBe 2-l transition is o.bserved. 

The lines seen at 38.345 and at 37.581 keV which were seen in data set A-C and 

whose origin has been discussed previously were not seen in the data set D-F. As 

can be seen from figs. 3 and 5 the low-energy portions of the two spectra are 

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

K-Be 4->3



Ratio of volume

Target cell size :  Φ6.4 x 15 cm
Berylium thickness : 300μm

~ 2 %Berylium window volume
Target cell volume

9.0 cm3

482.5 cm3=

old one



Mylar 75μm

0.87 @ 6.4 keV



Mylar 300μm

0.58 @ 6.4 keV

(75μm x 4)



Be 200μm

0.93 @ 6.4 keV



Be 300μm

0.89 @ 6.4 keV


