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K-atom experiments @ J-PARC K1.8BR
2

E62: K-He 3d-2p E57: K-d 2p-1s

K-  beam

first measurement 
to resolve isospin-dependent KbarN scat. length

sub-eV precision (ΔE2p)  
to distinguish “deep” or “shallow” potential 

K-  beam
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Present status
3

Year E62 E57

2006 E17 proposal (1st PAC)

・・・

2014 TES demonstration @ PSI E57 proposal (18th PAC)

2015 E62 proposal (20th PAC) 
→stage-2 approval

updated proposal (20th PAC) 
→stage-1 approval

2016 Commissioning at K1.8BR (K-Li X-rays)

2017

2018 K-He Physics run (June) SDD commissioning

2019 K-H (+K-He) full commissioning 
(Feb.̶Apr.)

2020 to submit updated proposal
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K-He with TES
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Transition-Edge-Sensor microcalorimeters

✓ Excellent energy resolution ~2 eV FWHM@ 6 keV 
✓ Wide dynamic range possible

5

X-ray microcalorimeter
17

a thermal detector measuring the energy of an incident 
x-ray photon as a temperature rise (= E/C ~ 1 mK )	

Decay time constant

= C / G ( ~ 500 μs )

e.g.,   Absorber : Bi (320 um × 300 um wide, 4 um thick)
        Thermometer : thin bilayer film of Mo (~65nm) and Cu (~175nm)

T

t

τ~CG

Absorber with larger “Z” (to stop the high energy x-rays)

Absorber
Heat capacity : C

Thermal conductance : G

Low temperature heat sink

~ pJ/K

~ nW/K

Thermometer

T

X-ray energy : E

TES = Transition Edge Sensor
18

using the sharp transition between normal and 
superconducting state to sense the temperature
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NIST TES system

‣ 50mK cryostat 
‣ Pulse tube (60K, 3K) + ADR (1K, 50mK) 
‣ ADR hold time: > 1 day 

‣ Detector snout 
‣ 240 pixel Mo-Cu bilayer TES 
30 ch TDM(time division multiplexing) readout 

‣ 1 pixel : 300 x 320 um2 → total ~ 23 mm2 
‣ 4 um Bi absorber → efficiency ~0.85@6 keV

6

J.N. Ullom et al., Synchrotron Radiation News, Vol. 27, 24 (2014) 

Bi + TES

Au coated Si collimator

33 cm

1cmPhoto credit : J. Uhlig



T. Hashimoto@20191016

7

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10
A A

B B

C C

D D

E E

F F

G G

H H

tadashi.hashimoto@riken.jp

X-ray generator

TES 
cryostat

K-  beam

K-He

x-rays

He target 
cryostatSDD

TES 
50mK snout

Liq. 3He or 4He 
target cell

calib.

x-rays
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Preliminary result : K-He x-rays

‣ X-rays from Kaon atoms are clearly observed !

8

TES

SDD

Energy [keV]

Cr Co
KαKβ Fe

K-3He K-4Hecalib. 
line

calib. 
line

Kα
Fe
Kβ
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TES
‣ We can reduce the background by factor 3~4 

using beam info. 

‣ Publication should come soon on the shifts and 
widths. 

‣ More experiences with TES 
• at Muon beam line in J-PARC. (Apr. 2019) 
• at Synchrotron Radiation Facility (SPring-8, July, 2019) 

‣ TES in DAFNE?? Machine background??

9
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K-Li/He/H2 with SDD
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SDDs in commissioning run in 2016
11

E57 - SDD test setup

pre-amplifier boards

3x3 SDD array

3-stage Peltier-cooler

¾ 24 (+2) working channels

J-PARC 23rd PAC Meeting    January 11-13, 2017 13

4 arrays installed 
24/36 channels worked

SDDs @ -40℃

-> N568 CAEN Shaping Amp. 
-> V785 CAEN PADC

3-day beam time
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Kaonic Lithium with SDDs

‣ Now more X-ray counts and better S/N  
with updated event selection. 

‣ Need to check everything once again…

12

Kaonic Lithium 

39

ü Sum up most of K- runs
(-0.7, -0.9 GeV/c)

ü 15.297 +- 0.008 keV
~ 1200 counts
resolution 160 eV in sigma  

Shown in PAC July, 2016 Now (very preliminary)

γ-ray
Co57
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Kaonic Lithium

‣ S/N is worse in our spectrum, but we have a lot more X-ray count 

‣ Shift : ~ 2 eV stat. error 

‣ Width : ~ 5 eV stat. error? 

‣ Yield : 
• might better to use partial dataset with relatively stable beam condition 
• Compare with K+ decay and K- vertex analysis to confirm the # of stopped 
kaons in the Li block

13

284 eV FWHM@14.4 keV
C.J.Batty, et al., NPA282(1977)487-492Γ    :  55 +- 29 eV

-ΔE:   -2 +- 26 eV
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SDD spectra in E62
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X-ray yields from Kaonic Helium

‣ X-ray yields 
• Liquid Helium-3: new data 
• Liquid Helium-4: data only in 1970’s 

‣ Not so good secondary particle detectors in E62 

‣ No theoretical calculation to compare (?) 

‣ Gaseous Helium-4 with E57 setup is possible as well 
• limited statistics, but (potentially) well controlled systematics.

15

Page 4 of 4 Eur. Phys. J. A (2014) 50: 91

Table 2. Absolute X-ray yields of K−3He and K−4He measured in gas targets. The yields are shown in percentages per stopped
K−. The experimental results for liquid 4He, refs. [1,3], are also shown in the last columns. The value of Lhigh in the liquid
density data [3] includes the contribution of Lδ only.

Transition 3He (0.96 g/ l) 4He (1.65 g/ l) 4He (2.15 g/ l) 4He (Liquid) [1] 4He (Liquid) [3]

Lα 25.0+6.7
−5.8 23.1+6.0

−4.2 17.2+2.6
−9.5 9.2 ± 2.4 8.9 ± 4.5

Lβ 3.6+1.3
−0.7 4.2 ± 1.1 3.1+0.6

−1.6 5.2 ± 1.3 2.3 ± 1.2

Lγ 1.3+0.5
−0.4 1.3 ± 0.6 0.7+0.3

−0.5 2.4 ± 0.7 1.6 ± 0.8

Lhigh 5.2 ± 2.1 6.9+2.0
−1.9 4.1+1.1

−2.1 – 0.4 ± 0.3∗

efficiencies determined by the measurements and simula-
tions, the X-ray yields of kaonic helium can be obtained.
In performing the comparison, the normalization was done
using the number of K+K− events detected by the kaon
detector. The absolute X-ray yield (Y ) per stopped K−

was then calculated as

Y =
ϵEXP

ϵMC
=

NEXP
X /NEXP

trig

ϵMC
. (2)

The results of the absolute X-ray yields of K−3He and
K−4He are summarized in table 2. The previous results
of K−4He yields in liquid, refs. [1,3], are also shown. The
yields of the Lα lines in gas are about 2.0–2.5 times higher
than those in liquid, while the yields of the Lβ and Lγ lines
are consistent. The intensities of the Lhigh lines in gas are
obviously higher than those in liquid. These yield differ-
ences are related to the density dependence of the cascade
processes, such as the molecular Stark effect and MIF.

6 Conclusions

The SIDDHARTA experiment measured the patterns of
the X-ray transitions to the 2p states for kaonic 3He
and 4He atoms using gaseous targets. The absolute X-ray
yields of L-series lines in gas were determined for the first
time. The observed high yields of Lα and Lhigh lines indi-
cate weaker molecular Stark mixing and a small influence
of MIF at gas densities. Further improvements of cascade
calculations based on the data given in this Letter are ea-
gerly awaited to better understand the cascade processes
of kaonic helium atoms.

We thank C. Capoccia, G. Corradi, B. Dulach, and D. Tag-
nani from LNF-INFN; and H. Schneider, L. Stohwasser, and
D. Stückler from Stefan Meyer Institute, for their fundamental
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working conditions and permanent support. Discussions with
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supported by HadronPhysics I3 FP6 European Community
program, Contract No. RII3-CT-2004-506078; the European
Community-Research Infrastructure Integrating Activity
“Study of Strongly Interacting Matter” (HadronPhysics 2,

Grant Agreement No. 227431), and HadronPhysics 3 (HP3),
Contract No. 283286 under the Seventh Framework Pro-
gramme of EU; Austrian Federal Ministry of Science and Re-
search BMBWK 650962/0001 VI/2/2009; Romanian National
Authority for Scientific Research, Contract No. 2-CeX 06-11-
11/2006; the Grant-in-Aid for Specially Promoted Research
(20002003), MEXT, Japan; and the Austrian Science Fund
(FWF): [P24756-N20].
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10. G. Reifenröther, E. Klempt, R. Landua, Phys. Lett. B 191,
15 (1987).
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E57 setup as of Feb. 2019

✓30 SDD units installed. 

✓~145 ch in 26 units worked. (145/208 ~ 70%) 

✓Target gas at 30K, 3.5bar, SDDs at 190K

16

CDS
buffer tanks

target cryostat

Target cell & SDDs
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SDD Readout for J-PARC E57/E62
17

SDD with CUBE 
exactly the same
as SIDDHARTA2

Line driver board
for 4 SDD units

Shaping amplifier
for 2 SDD units

25~30cm
Kapton
cable

w/ shield

~1m
flat cable
twisted

shielded

Vacuum
50m flat cable  
to CAEN V785 PADC
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Vertex reconstruction (BPC&CDC)
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Charged particle VETO on SDDs using CDC

Correlation between the CDC charged track
and the SDD position was clearly observed
→ We can remove charged particle events 
on SDDs 

19
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Table 2:   Listed kaon nucleon absorption rates and kaon decay channels  

as used for the MC simulation   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6:   The sketch shows possible ways a particle might generate 
 
In addition, kaon stops in the target wall or entrance window material will produce 
kaonic atom X-rays (like kaonic carbon, nitrogen,.... see figure 7). With charged 
particle tracking, as is available with the E15 apparatus, the determination of the 
kaon stopping point is possible within the target volume.  This method will allow 
the definition of a fiducial volume within the target (5 mm away from the target wall 
and entrance window), allowing to the exclusion of wall stops.  
 

 MIP traversing SDD at some distance 
from the edge → large signal > 150 keV 

MIP traversing SDD at the edge of the 
active area → small signal 

electron from secondary produced 
near the SDD 

X-ray or electron from secondary 
produced in the setup 
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Helium data in E57

‣ Reasonable event reduction rate ~ 1/3 with CDS  
(not confirmed the details of the CDS analysis yet)
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Helium data in E57

‣ 80 counts KHeLa 

‣ almost background free as designed

21
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Hydrogen data in E57
22
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‣ Bi: contaminated in the SDD ceramic 

‣ Cu, Zn: where are they from? brass? 
• channel dependent intensity and ratio Cu/Zn

Kaon
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Hydrogen data
23

~90 hour data taking

K-C
K-N

Zr
K-C
K-Al

!?

Ti

Kaon + DEFdE
Kaon + DEFdE + CDS
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Hydrogen data
24

~90 hour data taking

Ti
K-C

K-C

line shape from SIDDHARTA

Kaon + DEFdE + CDS

‣ Higher transitions are observed 

‣ at most 50 counts Ka X-rays 

‣ Kaonic Kapton lines cannot be completely removed with the CDS.
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To confirm # of stopped kaons

‣ We should estimate realistic 
# of stopped kaons from data 

‣ K-p -> πΣ 

‣ K+ -> μ+ν, π0π+

25

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
)2 Missing Mass (GeV/cππ

0

20

40

60

80

100

 C
ou

nt
s

-90<Z<90,DEFdE>5,DCA<30-90<Z<90,DEFdE>5,DCA<30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
-90<Z<90,DEFdE>5,DCA<30

1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3
)2 Missing Mass (GeV/c+π

1.1
1.12
1.14
1.16
1.18

1.2
1.22
1.24
1.26
1.28

1.3)2
 M

is
si

ng
 M

as
s 

(G
eV

/c
- π 

-90<Z<90,DEFdE>5,DCA<30

1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3
)2 Missing Mass (GeV/c-π

0

5

10

15

20

25

30

 C
ou

nt
s

-90<Z<90,DEFdE>5,DCA<30-90<Z<90,DEFdE>5,DCA<30

1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3
)2 Missing Mass (GeV/c+π

0

10

20

30

40

50

60

70

 C
ou

nt
s

-90<Z<90,DEFdE>5,DCA<30-90<Z<90,DEFdE>5,DCA<30

2− 0 2 4 6 8 10 12 14 16 18

Energy deposit (MeV)

1

10

210

310

DEF segment 2 def_de_seg2
Entries  84400

Mean    3.113

Std Dev     1.477

DEF segment 2

0 0.1 0.2 0.3 0.4 0.5

 Momentum (GeV/c)

0

20

40

60

80

100

120

within Fiducial volume Fiducial_mom_defbpc

Entries  1890

Mean   0.2138

Std Dev    0.04942

within Fiducial volume

Mππ

Mπ+
vs.
Mπ-



T. Hashimoto@20191016

Restore energy resolution

‣ Crosstalk due to unstable power line of CUBE 

‣ Partial restoration by analysis  
(not yet applied to physics data) 

‣ Now 150~160 eV FWHM @ FeKa

26
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Possible change in the Beamline

‣ The last dipole magnet (D5) is just to change the direction 
to keep enough flight length for the forward TOF counters. 

‣ Without D5, ~3m shorter beam line & better beam focusing.

27Present K1.8BR Area

T.Hashimoto D-Thesis
2

Beam Length (T1-FF): 31.3mModified K1.8BR Area (case-1:階段を移動)

3
KEK Internal 2007-1

階段を東に移動Æ

D5取り払って、オリジナルな光学にする

Test
Exp.
Area

Beam Length (T1-FF): 27.6m

北の壁いっぱいまで実験エリア拡張
ただし東側が狭い

出入口は適当

??
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SDDs in a hydrogen atmosphere

✓ larger hydrogen volume 
✓ no window 
✓ no Kaonic Kapton lines 
✓ Chance to detect lines to 2p state
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Possible active target setup for 48 (max 64) SDDs

We have already 
succeeded to operate SDDs
in a hydrogen (<10bar, 135K)
in Vienna!
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Summary
29

Experiment Year Target TES SDD

Stoptune 2016 Lithium Shift/Width? 
Yield?

E62 2018 Liq. Helium-3 Shift 
Width Yield

E62 2018 Liq. Helium-4 Shift 
Width Yield

E57 2019 Gas 
Helium-4 Yield?

E57 2019 
2021??

Gas 
Hydrogen

Shift/Width? 
Yield?

E57 2022?? Gas 
Deuterium ???


