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Kaonic atom
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Initial state                       x  30

X-ray energy                    x 1000

Radius                             x 1/1000

Kaonic atom
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➡ K- wave function largely 
overlaps with a nucleus 
at tightly-bound states

➡ Perturbation 
by the strong interaction
- Energy level shift
- Additional natural width 

K3He & K4He atoms
✓ ~ 6 keV X-rays 

from 3d → 2p transition
✓ Chance to discriminate  

Kbar-nucleus potential models 
if we deduce 2p shifts  
with a < 0.2 eV precision

Study of K-N interaction via K-atoms
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E62 E57

Kaonic X-ray K-He 3d-2p K-d 2p-1s

Energy ~ 6 keV ~ 8 keV

Width ~ 2 eV ~ 1000 eV

Yield 
per stop-K

~ 7 % 
(Liquid He)

~ 0.1 % 
(0.05% of liq. D2 density)

X-ray detector TES SDD
FWHM 

resolution
~ 5 eV ~ 150 eV

Effective 
area

~ 0.2 cm2 ~ 200 cm2

Physics
K-nucleus 
potential 

— K-N in nuclei — 

KN (to disantangle 
I=0,1components) 
- KN in free space -

X-ray 
detectorn+1

n

Strong 
interactionNuclear 

absorption

Kaonic atom 
X-ray spectroscopy

Width Γ

Shift ΔE(Coulomb only)



Need high-resolution
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40% C.J. Batty et al. IPhysics Reports 287 (1997) 385445 
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Fig. IT. Shift and width values for kaonic atoms. The continuous lines join points calculated with the 
potential discussed in Section 4.2. 

best-fit optical 

Ref. [44]. For ease of reference, the complete data set listed in [44] will be referred to as ALL. 
The data set with 180 and 98Mo omitted will be denoted LESS, whilst the measurements for the 
two isotope pairs 160-180 and 92Mo-98Mo will be referred to as ISO. 

- S
hi

ft 
[e

V]

40% C.J. Batty et al. IPhysics Reports 287 (1997) 385445 

Kaonic atoms 
lo4 

F (a) 
c 

1 ).&I n=3 
IO3 B n=4 n=5 n 

f 

1 

-I 
10 

0 lo 20 30 40 50 60 70 80 90 100 
Z 

Fig. IT. Shift and width values for kaonic atoms. The continuous lines join points calculated with the 
potential discussed in Section 4.2. 

best-fit optical 

Ref. [44]. For ease of reference, the complete data set listed in [44] will be referred to as ALL. 
The data set with 180 and 98Mo omitted will be denoted LESS, whilst the measurements for the 
two isotope pairs 160-180 and 92Mo-98Mo will be referred to as ISO. 

- W
id

th
 [e

V]

Z (atomic number)Z (atomic number)

Phys. Rep., 287 (1997) 385. 

K- - nucleus strong interaction is attractive & absorptive.
but unknown how much attractive ?

due to insufficient precision of K-atom data

⇒ Kaonic nuclei might exist! (Hot topic in hadron physics)

K-atom data



Drastic improvement in resolution
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(FWHM ~ 150 eV) (FWHM ~ 5 eV)

✓ Shift : precision goal “2eV → 0.2 eV” 

✓ Width : sensitive for Γ2p > ~2eV

@ ~ 6 keV

SDD TES



Transition-Edge-Sensor microcalorimeter
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Absorber
Heat capacity : C

Thermal conductance : G

Low temperature heat sink

~ pJ/K

~ nW/K

Thermometer

T

X-ray energy : E

normal 
conducting 
sate

super- 
conducting 

sate

0 Temperature
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st
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~ 100 mK

Width of transition edge
ΔE~ a few mK

--> developed by Stanford / NIST at the beginning

Dynamic range
Emax � CTC/�

 Trade-off between dynamic range and 
energy resolution : ΔE ~ √Emax

( Johnson noise and phonon noise are
the most fundamental )

Energy resolution (σ)

�E =

�
kBT 2C

�

Thermometer sensitivity

� � d lnR

d lnT
� 102�3

state state

Bias point 
R0/RN~0.2

Microcalorimeter Transition Edge Sensor (TES)

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

bias point 
R0/RN~0.2

~50 mΩ

T. Hashimoto@JPS2016Miyazaki

Transition-Edge-Sensor microcalorimeters

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

5

X-ray microcalorimeter
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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 "s )

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

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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Dynamic range

 Trade-off between dynamic range and 
energy resolution : !E ~ "Emax

( Johnson noise and phonon noise are
the most fundamental )

Energy resolution (#)

Thermometer sensitivity

applications : astrophysics (space satellite) etc.
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NIST’s TES array system
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✓ Compact and portable 
✓ Large effective area w/multiplexing tech.

33 cm

1cmPhoto credit : J. Uhlig

50 mK cryostat 
(model : HPD 102 DENALI)


(double-stage salt pills : GGG 1K, FAA 50mK)

ADR hold time > 1 day

two-stage

pulse tube

(60K, 3K) Pulse signal τrise~L/(Rsh+R0)


τfall~C/G

beside the helium target cell with a temperature of 4 K; thus radiation-shield windows of
50 mK and 3 K are installed in between TES array and target cell as shown in the inset
of Fig. 3. Therefore, some parts surrounding the target cell (e.g., 80 K radiation shield,
vacuum jacket etc.) of the existing setup will be modified.

2.2 TES microcalorimeter

We use a 240-pixel TES array designed for hard x-ray measurements developed by Na-
tional Institute of Standards and Technology (NIST). Figure 4 (a) shows a photograph
of the detector package. The array is on the top, where each pixel is wire-bonded for
the readout time-division-multiplexing (TDM) chip mounted on each four sides. Figure
4 (b) shows a photograph of the 240-pixel array. Each TES consists of a superconducting
bilayer of thin Mo and Cu films with an additional 4-µm thick Bi absorber [19]. The
absorption efficiency of this Bi layer is about 80% for 6.5 keV x rays. Each pixel has
an effective area of 320 µm × 300 µm, thus the total active area of the array is about
23 mm2. TES array is collimated with a gold-coated 275-µm-thick silicon to avoid the
unnecessary x-ray hit on the TES stage.

Figure 4: (a) A photograph of the detector package of the TES array. The array is on
the top, where each pixel is wire-bonded for the readout TDM chip mounted on each four
sides. (b) A photograph of the 240-pixel TES array. The gold-coated 275-µm-thick silicon
collimator is stacked when installed. Photos credit: D.R. Schmidt, NIST.

TESs are thermally isolated with the support of 100-nm thick silicon-nitride SiNx

membrane which limits the thermal conductance between TES and substrate. The sub-
strate is a grid structure of 275-µm-thick silicon wafer, the parts behind each TES are
removed. A thermal heat sink layer of 500-nm-thick gold is deposited on the backside of
substrate. This heat sink is connected to the low temperature thermal bath.

The TES array is operated at about 100 mK around the critical temperature, and
is cooled with a pulse-tube-backed adiabatic demagnetization refrigerator (ADR). The
pulse tube cools the system from 300K to 3K for 16 hours. Then 4-Tesla magnetic field
is applied to the two-stage salt pills∗ through superconducting coils. By releasing the
magnetic field adiabatically, the system is cooled down to 600 mK and finally to 75mK,

∗GGG: Gadolinium-Gallium Garnet, and FAA: Ferric-Ammonium Alum
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Photo credit : D.R. Schmidt, NIST

Gold coated 
Si collimator

TES pixel 
➡  Mo-Cu bilayer TES

➡  4-µm-thick Bi absorber


  (eff. ~ 85% @ 6 keV)

➡  Size : 300 x 320 um2

Array

240 pixels 
➡23 mm2 

in total



2012   Collaborate with astro-physics guys developing TES

2013   get started the collaboration with NIST

2014   Demonstration study (π beam) @ PSI

2015   stage-2 approval by J-PARC PAC

2016   Commissioning run (K beam) @ J-PARC

2017   J-PARC E62 physics run ?

Status of HEATES project
9

①

②



Two performance evaluations
10

location PSI (Switzerland) J-PARC (Japan)

beam line πM1 K1.8BR

particle π- K-

purity ~ 0.4 ~ 0.3

momentum 170 MeV/c 900 MeV/c

intensity 
(sum of all particles) 1.4 ~ 2.8 x 106 cps 8 x 105 / spill

hadronic atom x-rays π 12C 4-3 (6.4 keV) K-3He 3-2 (6.2 keV) 
K-4He 3-2 (6.4 keV)

science X-ray rate ~ 200 / hour ~ 200 / week

① ②

to be 
measured



    π- beam①



π atom expt @ PSI πM1 beamline
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BC1
BC2

BC4
Carbon
degrader

π beam

TES array
Carbon
target

X-ray tubeBC3

Lead shield

10 cm

~1MHz/mA, 
170 MeV/c

Pionic carbon 
4f-3d x-rays ~ 6.5 keV



In-beam performance
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Mn Kα spectrum

‣ high-energy particle beam degrades resolution a bit.
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NOTE : Energy scale is well controlled by in-situ calibration.

Hit-rate difference between beam-on and off conditions

Mn Kα peak

Kα1

Kα2



A typical thermal crosstalk event
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Enlarged view

Residuals from the 
averaged pulse

‣ High-energy charged particles deposit energy in Si frame of TES chip 
‣ Resulting thermal-crosstalk pulses degrade the energy resolution
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(a)

(b)

Fig. 3 a Co Kα spectrum with the pion beam off. The green curve shows the fit with the LE tail; its residual is shown at bottom with ±3σ curves. The fit range is selected
to avoid the Co Kα3 and Kα4 satellite peaks. The red curve shows the fit without considering the LE tail. The broken curve shows the intrinsic line shape from Hölzer et al.
[12]. b The measured low-energy tail fraction for several elements with statistical errors (some error bars are too small to see). The tail fractions of Mn, Cu, Ga, Ge, As, Se,
and Br are measured with another calibration target (Color figure online)

123

In-situ energy calibration with x-ray tube
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✓ each 240 pixels calibrated individually 
✓ every 2 hours 
✓ natural cubic spline using 4 lines

Fit example
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CuKα

beam-off condition

πC 4-3 
position

FeKα

Used high-intensity 4 lines

originating from surrounding steel

useful to estimate the accuracy of energy calibration
H. Tatsuno et al., 

J Low Temp Phys 184 (2016) 930-937 
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Successful demonstration w/ π- atom
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Calibration line 
(excited by 
x-ray tube)
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π - beam

X-ray tube 
for energy 

calib.

TES 
arrays

@ PSI πM1 beamline

SDD

resolution 
~165 eV

resolution 
~ 7 eV



published very recently
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Fit results
19

(c). The energy-calibration accuracy is assessed by the fit to the measured Fe Kα line. The

measured energy of our Fe Kα11 line is:

6404.07± 0.10(stat.)+0.06
−0.04(syst.) eV

where the first error is statistical and the second is systematic. The quoted systematic uncer-

tainty is a quadratic summation of the contributions from continuum background parameter

and asymmetry of the fit function. A comparison with the reference value of 6404.148(2) eV

[26] for pure, metallic iron shows good agreement within the errors. The detail of the abso-

lute energy calibration was presented in a separate paper [27]. To determine the energy of

pionic carbon transition x-ray, the critical issue is the uncertainty precisely at the lines of

interest, 6430 eV. It is difficult to assess the systematic uncertainty introduced by our choice

for the calibration curves in its full generality. Fortunately, the Fe Kα line at 6404 eV is very

close to the line of interest, and this good agreement with the reference value validated the

choice of the present energy calibration curves.

Fits to our energy spectra determined the energies of the π-12C 4f → 3d and 4d → 3p

transition x-rays and their yield ratios to be:

E(4f → 3d) = 6428.39± 0.13(stat.)± 0.09(syst.) eV

E(4d → 3p) = 6435.76± 0.30(stat.)+0.11
−0.07(syst.) eV
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where the first error is statistical and the second is systematic. The quoted systematic

uncertainty is a quadratic summation of the contributions from uncertainties of the energy

calibration, the non-Gaussian response function, and the timing window width. The tail com-

ponent of Fe Kα line affects the fit results. We assessed it by varying the relative strength of

the Fe x-ray tail by changing the timing window. The Fe tail is the main source of system-

atic errors both for x-ray energies and yield ratio. The energy dependence of transmissions

of these two peaks is negligible, since these energies are very close and no absorption edge

structure exist around those peaks.

We have calculated the 3p, 3d, 4d and 4f energy levels of the pionic 12C using only the

electromagnetic (EM) interaction and tabulated the results in Table 1. These EM values are

calculated from the Klein-Gordon equation including vacuum polarization with higher-order

correction, the relativistic-recoil effect and the nuclear-finite-size effect. The latest charged

pion mass, 139.57018(35) MeV/c2, given by the particle data group [28] is used.

Strong-interaction effects on these energy levels were assessed via the Seki-Masutani poten-

tial [29]. The strong-interaction shift of the 3p level from its EM value is calculated to be

0.78 eV, while the shifts of the 4f , 4d, 3d levels are below 10−4 eV.

The effect of the electrons populating the K- and L-shells, the so-called electron-screening

effect, is not negligible especially in the solid target. The electron-screening correction to

the x-ray energy is largely determined by the number of 1s electrons in the atom, which

depends on the balance between Auger-electron emission and the electron-refilling process

from neighboring atoms. We have estimated the electron screening effect with the “Z − 1”

approximation, namely the captured pion screens one unit of the nuclear charge seen by

the electrons. Thus, the maximum electron-screening correction is given by the 1s2 2s2 2p1

electronic configuration. In Table 1, the EM values of the 4f → 3d and 4d → 3p transitions
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correction, the relativistic-recoil effect and the nuclear-finite-size effect. The latest charged

pion mass, 139.57018(35) MeV/c2, given by the particle data group [28] is used.

Strong-interaction effects on these energy levels were assessed via the Seki-Masutani poten-

tial [29]. The strong-interaction shift of the 3p level from its EM value is calculated to be

0.78 eV, while the shifts of the 4f , 4d, 3d levels are below 10−4 eV.

The effect of the electrons populating the K- and L-shells, the so-called electron-screening

effect, is not negligible especially in the solid target. The electron-screening correction to

the x-ray energy is largely determined by the number of 1s electrons in the atom, which

depends on the balance between Auger-electron emission and the electron-refilling process

from neighboring atoms. We have estimated the electron screening effect with the “Z − 1”

approximation, namely the captured pion screens one unit of the nuclear charge seen by

the electrons. Thus, the maximum electron-screening correction is given by the 1s2 2s2 2p1

electronic configuration. In Table 1, the EM values of the 4f → 3d and 4d → 3p transitions
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⇒ good agreement with the reference value : 
6464.148(2) eV [ G. Holzer et al., PRA56(1997)4554 ]

Fe Kα11 line (confirmation of energy calib.):

Pionic atom lines :

⇒ comparison with EM calc?
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Table 1 Calculated values of pionic 12C electromagnetic energies and strong-interaction

energy shifts via the Seki-Masutani potential [29]. For the 4f → 3d and 4d → 3p transitions,

electron-screening effects are assessed with the cases of filling one 1s electron and two 1s

electrons in the K-shell. The experimental results are shown as well.

State K.G. Vacuum polarization Nuclear Relativistic Strong Total

energy α(Zα) α2(Zα) finite size recoil effect interaction energy

(eV) (eV) (eV) effect (eV) (eV) effect (eV) (eV)

3p −14685.15 − 11.56 −0.08 + 0.01 −0.02 −0.78 −14697.58

3d −14682.65 − 5.39 −0.04 + 0.0005 −0.02 < 10−4 −14688.10

4d −8259.04 − 2.10 −0.02 +0.0003 −0.01 < 10−4 −8261.17

4f −8258.59 − 0.72 −0.004 +0.0003 −0.01 < 10−4 −8259.32

Transitions Electron screening effect (eV) Transition

Configuration K-shell L-shell energy

contribution contribution (eV)

no electron - - 6428.78

4f → 3d 1s1 2s2 2p1 −0.19 −0.02 6428.57

1s2 2s2 2p1 −0.31 −0.01 6428.46

Experimental result (this work) : 6428.39 ± 0.13 ± 0.09

no electron - - 6436.41

4d → 3p 1s1 2s2 2p1 −0.25 −0.02 6436.14

1s2 2s2 2p1 −0.42 −0.01 6435.98

Experimental result (this work) : 6435.76 ± 0.30 +0.11
−0.07

are tabulated for the no electron, 1s1 2s2 2p1 and 1s2 2s2 2p1 electronic configurations. Here,

the electron-density functions in each configuration are evaluated using the hydrogenic wave

function with effective nuclear charge based on Hartree-Fock calculations. The experimental

results are consistent with the 1s2 2s2 2p1 configuration within the errors.

4. Conclusion We observed the π-12C 4f → 3d transition x-ray line with a novel 240-

pixel microcalorimetric x-ray detector based on transition edge sensors. The achieved

averaged energy resolution is 6.8 eV FWHM at 6.4 keV under a high-rate pion beam inten-

sity of 1.45 MHz. The timing resolution is 1.2 µsec FWHM. Absolute energy calibration is

realized by an x-ray generator shining on calibration metals during the data acquisition. The

resulting systematic uncertainty in the π-12C 4f → 3d transition x-ray energy is less than

0.1 eV, which meets our goal for a future measurement of the kaonic-helium 3d → 2p x-ray

energy.

The TES spectrometer had sufficient energy resolution to observe the fine structure split-

ting of the π-12C 4 → 3 transition x-ray for the first time. The strong-interaction effect of

the 3p level is not negligible because it has smaller angular momentum than the 3d level.

The measured x-ray energy of the parallel transition 4d → 3p was found to be consistent

with the calculated strong-interaction effect assessed via the Seki-Masutani potential [29].

8/9

EM calc. (T. Koike)

Strong int calc. via Seki-Matsutani potential 
(N. Ikeno, J. Yamagata-Sekihara, S. Hirenzaki)

⇒ Non-negligible contribution from 3p level
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Table 1 Calculated values of pionic 12C electromagnetic energies and strong-interaction

energy shifts via the Seki-Masutani potential [29]. For the 4f → 3d and 4d → 3p transitions,

electron-screening effects are assessed with the cases of filling one 1s electron and two 1s

electrons in the K-shell. The experimental results are shown as well.

State K.G. Vacuum polarization Nuclear Relativistic Strong Total

energy α(Zα) α2(Zα) finite size recoil effect interaction energy

(eV) (eV) (eV) effect (eV) (eV) effect (eV) (eV)

3p −14685.15 − 11.56 −0.08 + 0.01 −0.02 −0.78 −14697.58

3d −14682.65 − 5.39 −0.04 + 0.0005 −0.02 < 10−4 −14688.10

4d −8259.04 − 2.10 −0.02 +0.0003 −0.01 < 10−4 −8261.17

4f −8258.59 − 0.72 −0.004 +0.0003 −0.01 < 10−4 −8259.32

Transitions Electron screening effect (eV) Transition

Configuration K-shell L-shell energy

contribution contribution (eV)

no electron - - 6428.78

4f → 3d 1s1 2s2 2p1 −0.19 −0.02 6428.57

1s2 2s2 2p1 −0.31 −0.01 6428.46

Experimental result (this work) : 6428.39 ± 0.13 ± 0.09

no electron - - 6436.41

4d → 3p 1s1 2s2 2p1 −0.25 −0.02 6436.14

1s2 2s2 2p1 −0.42 −0.01 6435.98

Experimental result (this work) : 6435.76 ± 0.30 +0.11
−0.07

are tabulated for the no electron, 1s1 2s2 2p1 and 1s2 2s2 2p1 electronic configurations. Here,

the electron-density functions in each configuration are evaluated using the hydrogenic wave

function with effective nuclear charge based on Hartree-Fock calculations. The experimental

results are consistent with the 1s2 2s2 2p1 configuration within the errors.

4. Conclusion We observed the π-12C 4f → 3d transition x-ray line with a novel 240-

pixel microcalorimetric x-ray detector based on transition edge sensors. The achieved

averaged energy resolution is 6.8 eV FWHM at 6.4 keV under a high-rate pion beam inten-

sity of 1.45 MHz. The timing resolution is 1.2 µsec FWHM. Absolute energy calibration is

realized by an x-ray generator shining on calibration metals during the data acquisition. The

resulting systematic uncertainty in the π-12C 4f → 3d transition x-ray energy is less than

0.1 eV, which meets our goal for a future measurement of the kaonic-helium 3d → 2p x-ray

energy.

The TES spectrometer had sufficient energy resolution to observe the fine structure split-

ting of the π-12C 4 → 3 transition x-ray for the first time. The strong-interaction effect of

the 3p level is not negligible because it has smaller angular momentum than the 3d level.

The measured x-ray energy of the parallel transition 4d → 3p was found to be consistent

with the calculated strong-interaction effect assessed via the Seki-Masutani potential [29].
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 calc. by T. Koike

one e- in K-shell 
two e- in K-shell

good 
agreement 
within error

✓ favor two 1s electrons in the K-shell 
✓ energy shift of measured parallel-transition is consistent 
with strong-int effect assessed via Seki-Matsutani potential

Conclusion :
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K- stop tuning
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Thickness of adjustable degrader [mm]
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Confirmed the same

peak position

with tracking

chamber system

for 0.9 GeV/c K+

with SDDs

for 0.9 GeV/c K-

K-Li x-ray yield :

~180 counts / hr


(with 24 good SDDs)

consistent with G4 sim 
within error of ref. value:

 K-Li yield = 15 ± 3 % / stop K


[PRA 9 (1974) 2282]
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Note that the simulation was 
performed again  

with obtained beam profile 
& actual geometrical inputs.
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Setup from upstream
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K beam

TESs

installed TES to be located

at the position expected


in E62 physics run

installed Lead blocks

to shield TES from direct hits


of charged particles

Lead shield
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T. Hashimoto@JPS2016Miyazaki

Beam structure
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! this effect can be compensated in the standard analysis procedure
T. Hashimoto@JPS2016Miyazaki

Beam structure

12

Time
03:00 05:00 07:00 09:00 11:00 13:00

Ba
th

 te
m

pe
ra

tu
re

 (m
K)

64.90

64.95

65.00

65.05

65.10

Timing w.r.t. a beam spill (s)
0 1 2 3 4 5

 B
as

el
in

e 
(A

D
C

 c
h)

3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550

Spill on

$T ~7.7 mK (rms)  ~9.7 mK (rms)

beam off beam on

! Temperature regulation holds in the pulsed beam 
! TES temperature clearly increases during a beam spill

! this effect can be compensated in the standard analysis procedure
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•  TES temperature clearly increases during a beam spill 

 ⇒ this effect can be compensated in the standard analysis procedure
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Mn K% spectrum

T. Hashimoto@JPS2016Miyazaki

! Clear gap between K%1 & K%2 " excellent resolution.
! high-energy particle beam degrades resolution a bit.
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- Clear gap between Kα1 & Kα2 -> excellent resolution 

- High-energy particle beam degrades resolution a bit. 

- If no lead shield, ΔE > 10 eV.  ⇒  Lead shield was quite effective.



Energy resolution vs. charged-particle hit rate
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Effective charged particle hit rate (Hz/pixel)
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Energy resolution v.s charged-particle hit rate

✓ Similar correlation in the two different beams.
✓ Promising to achieve our goal at J-PARC

1. Room to improve the base resolution
2. More optimal setup (shielding, etc.):  further suppress changed-particle hit rate
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difference between 
beam-on and beam-off
TES trigger rates

typical
condition

our goal:  < 6 eV

✓ Similar correlation in the two different beams

✓ Promising to achieve our goal at J-PARC 

1. Room to improve the base resolution  
2. More optimal setup (shielding, etc.): further suppress changed-particle hit rate 
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✓ We understand the beam-induced background
- PSI in-beam spectrum is well explained by a simple Monte-

Carlo simulation including its intensity
- J-PARC background level is consistent with the MC 
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Energetic charged particle deposits several keV energy on 4 um thick Bi absorber

no photon
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Energetic charged particle deposits several keV energy on 4 um thick Bi absorber 

We understand the beam-induced background 

✓ explained PSI spectrum well by simulation including its intensity 

✓ J-PARC background level is consistent with the MC



J-PARC E62 : K-He atom exp.
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K- beam

Liq. 3He & 4He 
system

Kaon beam detectors

stop K-

in He target
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Expected spectrum
Resolution goal : 6 eV 
Precision goal : 0.2 eV

Asynchronous bg. : 1.5 counts /eV 
Synchronous bg. : 6 counts /eV

• Increase the number of working pixels ( now ~190/240 ) 

• Detailed study with an X-ray tube and radioactive sources

• Combine the TES spectrometer with the liquid helium target 

To do :



6. Summary



Summary
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๏ TES performance evaluation with hadron beams 

① π- beam : successfully demonstrated π atom expt. 

‣ energy resolution ~ 6 eV (FWHM @ 6 keV) 

‣ timing resolution ~ 1 µs (FWHM) 

‣ accurate energy calibration : less than 0.1 eV 

② K- beam : good performance at actual beamline as well 

๏ J-PARC E62 (K-He atom x-ray) physics run in 2017 (?)


