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History

Year EG2 ES7

20006 E17 proposal (1st PAC)

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

5015 E62 proposal (20th PAC) updated proposal (20th PAC)
—stage-2 approval —stage-1 approva

2016 Commissioning at K1.8BR

2017

2018 K-He Physics run SDD commissioning

2019 K-H (+K-He) commissioning

2020 Switch to lifetime measurement of hypernuclei:--
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r Precision X-ray measurement

oulomb

Atomic state
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Nuclear state > w “ * @ F. Sakuma

K- nucleus potential
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Reaction formation

A series of experiments at J-PARC K1.8BR, probing different energy, density, and isospin



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

K-d (E57) K-3/4He (E62)
X-ray transition 2p — 1s 3d = 2p
Energy ~ 8 keV ~ 0 keV
Width ~ 1000 eV ~2eV
Yield (per stopped K-) (’(‘)'_Og/ﬂf |::./.zd 02 density] ~ 7 9% (Liquid He)
X-ray detector SDD TES
FWHM resolution |~ 150 eV ~5eV
Effective area ~ 200 cm? ~ 0.2 cm?
Physics KparN (I1=1) Kpar-nucleus potential

High sensitivity High resolution
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K1.8BR in HEF

K1.8BR suitable for low-energy K- beam below 1 GeV/c
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Stop K- optimization

Run#29 + Run#62
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K-p/K-d 2p-1s (E57)

First test run was performed in Mar./Apr. 2019



(CDS) Refrigerator for
target and SDDs

J-PARC E57 original strategy

Cryogenic target cell . =7 A ] g ampllfler

surrounded by SDDs boards

Solenoid

Cylindrical drift chamber

Cylindrical detector hodoscope

v Target at 30K&3 bar, SDD down to 100K for better timing resolution
v Vertex cut & charged particle veto by using CDC



E57 test setup in 2019
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Target cell & SDDs
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v Hydrogen target is operated with the required safety measures.
v 30 SDD units installed. ~150 ch in 26 units worked.



Setup for E57 pilot
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SDD Readout for J-PARC E57/E62

o . Line driver board *\
’ SDD with CUBE . '
' for 4 SDD units ;
: exactly the same n '
: as SIDDHARTA2 ‘ : ,
E —:
: ¥25~30cm ~lm |;
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: w/ shield shielded |
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+ Shaping amplifier
for 2 SDD units
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50m flat cable
to CAEN V785 PADC



Vertex reconstruction (BPC&CDC)
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Charged particle VETO on SDDs using CDC

CDC-SDDZ matching
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from the edge — large signal > 150 keV g | ?
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50

electron from secondary produced

near the SDD 900 -150 700 B0 0 50 900 150 200
Z position at SDD (mm)
CDC-SDDPhi matching

X_ray Or electron from Secondary % 350 E_.. ........... .................. l .................. 1 ................... | ................... f .................. | .................. ........... ..E

produced in the setup S 390 _ """"""""" S v e e _

250 E

| 2000 | E

Correlation between the CDC charged track of I L BV E

and the SDD position was clearly observed 1000 b ﬂ”“ ---------- e —§

: 50— erlsain g i 'l' . ""L‘r Lt L

— We can remove charged particle events on SDDs - "’ - i "‘*""'! E
0

0 —150 2100 50 0 50 106 150 200
Phi position at CDC (degree)

Bo



Helium data in E57 ~6 hour data taking

Kaonic Helium
70 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1

without CDS
with CDS analysis
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Counts / 80 eV

Counts /100 eV

Results of E57 test runin 2019
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He target:. ~6 hours

v almost background free as designed

Hz target: ~4 days

v Higher transitions are observed.
X no clear Ka peak

X Low yields

Meanwhile, SIDDHARTAZ2 started data taking



Updated strategy: X-ray coincidence
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v Drastic background reduction
by detecting K and L X-rays in coincidence



L. X-rays in kaonic hydrogen
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. L X-rays yield ~ 10% at most
. S/N at Ka can be improved at least by factor 10

. L X-ray measurement alone gives additional information (I',,, cascade --

')



SDDs Inside the target gas

Lo Ka
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0 2000 (~100K, 0.5MPa?)

. . . ~40% single X-ray acceptance
typical X-ray window materials

absorb all L X-rays- ~20% coincidence acceptance

We have already succeeded in operating SDDs in a hydrogen (<10bar, 135K)
We started the discussion for new development of the active target cell



Shorter beamline
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. ~4m shorter beamline can provide ~2x K-@ 0.7 GeV/c



. Need to extend the horizontal part of the target&SDD system
. 59%—>93% solid angle for the secondary particles



Gain factors

present upgrade gain
D5 removal { shorter beam line 1.0 2.0 2.00
beam focus 1.0 1.5 1.50

target size R

L
target density

, _ combined factor
beam intensity

new target rough estimation
configuration beam time 1.9
— this MC:
with 2019
total 16.41 beam profile

- 1000 events / T month beamtime is feasible for 0.1% X-ray yield



by-product W|th CdZnTe

posStop.Z() {posStop Perp()<100} L
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K- stop position Z [mm]

. put CdZnTe detectors surrounding the degrader
. Kaonic C, S, Al,



-3/4He X-rays with TES

High-intensity.

|V§: l - 'j)
PHYSICAL REVIEW LETTERS 128, 112503 (2022) N 19EEI

Measurements of Strong-Interaction Effects in Kaonic-Helium Isotopes at Sub-eV
Precision with X-Ray Microcalorimeters

T. Hashimoto,l’z’* S. Aikawa,3 T. Akaishi,4 H. Asano,2 M. Bazzi,5 D. A. Bennett,6 M. Berger,7 D. Bosnar,8 A.D. Butt,9
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M. Hilromoto,4 Y. Ic:hinohe,14 M. Iio,15 Y. Iizawa,3 M. Iliescu,5 S. Ishimoto,15 Y. Ishisaki,lo K. Itahashi,2 M. Iwasaki,2
Y. Ma,2 T. Murakami,11 R. Nagatomi,4 T. Nishi,16 H. Noda,17 H. Noumi,13 K. Nunomura,10 G.C. O’Neil,6 T. Ohashi,10
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(J-PARC E62 Collaboration)
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“Kaonic helium puzzle”

S. Hirenzaki et al., PRC 61, 055205 (2000)
anomalous shift < 1 eV shift expected

Y. Akaishi, EXA2005 proceedings
Possible explanation for the large shift

0o+ . p-wave nuclear state
1} * .GZ’ Ucoupi= 120 MeV._; " 3He-K-
3 o -5 ()
= ©
B 001 S I b
H
e | ® 44 300 UMeV
0.001:- wl o p— 100 2001 I I
10| <
| 5
1 q)
g . 40 [ .2
= n
= ool .; a5 [ 3 [*He-K- |
| O
0.001:- -
000t 5 20 %5 %0 35 a0 coupled-channel potential

Z (nucleus atomic number)

. Large shift and W|dth imply the generation of a p-wave nuclear state

- Need precision below 1 eV to draw a conclusion



Transition-Edge-Sensor microcalorimeters
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Excellent energy resolution as an energy dispersive detector
Variety of applications dependent on the detector parameters
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J-PARC K1.8BR | beam dump g

beam sweeping | =
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EG2 setup
@J-PARC K1.8BR
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Theoretical study on the E62 results

K-4He (KEK E570)
#- K-3He (SIDDHARTA)
—&— K %He (SIDDHARTA)
-~ K 3He (J-PARC E62)

20 -
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repulsive attractive
P AE = Eexp T EEM

-400 -300 -200 O
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. Simple potential parameters constrained with the 4 observables
well reproduce the global features of the kaonic-atom data

J. Yamagata-Sekihara, et al., PTEP2024, 189 (2024).
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Muonic atoms
with TES




Muonic Ne atom 5—4

Phys. Rev. Lett. 130, 173001 (2023)

Energy resolution

AE =5.2 ~5.5eV

(c.f. AE (off beam) =5.0 ~ 5.2 eV @ Co Ka)
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MnK; MnK)  MnKg
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Gas Argon target

Phys. Rev. Lett. 134, 243001 (2025)
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Muonic molecule ddu™

Muonic
atom

Muonic

molecy

Energy (keV)

s

distance

du(1s) + d

T
@ dissociation @

0.0

| | | | | |
1.0 20 3.0 40 50 6.0

d-d distance (pm)

X-ray : 2 keV
intense & sharp peak

N

— cannot be separated
with the ~100 eV resolution

X-ray : 1.7 ~ 2 keV
low-intense &
broad structure

ddp )
1
S
3.
! 3 M=
i 3
1 v=2
| | UI:O | |
1.6 1.7 1.8 1.9 2.0

X-ray energy (keV)

Counts (/4 eV)

4500

4000

3500

3000

N
o)
-
(-

2000

1500

1000

500

0
1

_IIII|III ‘ | IHHHHH‘HH‘HH|HH|HI_
- dp -
i Ka -
- brems. -
- BG :
- ddu* du -
- KB =
; w_ —w
_llll|lll ‘ | 'lllllllllll|llll‘llll|llll|lll-
5 2.0 2.5
Energy [keV]

to be submitted soon-:-



TES detectors from NIST

new since 2024

10 keV TES 20 keV TES 50 keV TES 100 keV TES
Saturation energy 10 keV 20 keV 70 keV 150 keV
Readout system TDM TDM microwave microwave
Absorber thickness . 1.85 um (Au)
(material) 0.965 pm (Au) 4.1 um (Bi) & 20 um (Bi) 0.5 mm (Sn)

Absorber area

0.34 x 0.34 mm?Z

0.320 x 0.305 mm?2

0.73 x 0.73 mm?

1.3 X 1.3 mm?

Absorber collimated area

0.28 x 0.28 mm?

0.305 x 0.290 mMm?

0.67 x 0.67 mm?

(no collimator)

Number of pixel 192 240 96 96
Total collection area 15.1 mm? 21.2 mm? 43.1 mm? 162 mm?Z
AE (FWHM) 5eV @ 6 keV 5eV @ 6 keV 20 eV @ 40 keV 80 eV @ 100 keV

Rev. Sci. Instrum. 90, 123107 (2019)



Preliminary spectra
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20 channels linefit result (resolution < 25 eV)
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Preliminary spectra

~ | day data-taking for each data set
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Summary

. Kaonic deuterium X-rays should be confirmed and improved at J-PARC
. X-ray coincidence measurement
. Aiming to start from 2027

. Similar technique can be employed for K-He 1s, 2 atom,:

. Successful application of the TES microcalorimeter to kaonic-atom X-rays
. Hellium-3/4 2p states to exclude large shifts/widths

. Kaon mass measurement?
. |Isotope shift? (Li®/7 2p, Na20/22 3d, Ca40-48 4f)

- Many outputs from muonic atom X-rays with TES



