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Kaon-nucleus interaction
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Experiments (past and future)

Target
K™p

K-d

K- “He

K- 3He

Experiment

KEK E228

DEAR
SIDDHARTA

SIDDHARTA2
J-PARC E57

KEK E570
SIDDHARTA
J-PARC E62

SIDDHARTA
J-PARC E62

Physics

Precise information of K—p,
K-n scattering lengths

Essential inputs of chiral
SU(3) dynamics

Understanding A(1405)

Kaon-nucleus potential
depth

Chiral unitary vs
Phenomenological model

‘deep-or-shallow problem’

Antikaon-nuclear cluster
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“Light” Kaonic Atoms
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Kaonic atom spectroscopy
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Kaonic atom spectroscopy

e.g., Kaonic hydrogen (K-p)

2p
X-ray spectrometer
Deser-type formula
. AF1s — §F18 — _2043“20’[(_}9
1s Width Iis 5 '
: v i Scattering length
. 1
K Shlft AE1S a’K_p — —(CLO -+ al)
Coulomb only 2
‘¢ [isospin 0 and 1 ]
nuclear absorption S. Deser, M.L. Goldberger, K. Baumann and W. Thirring, Phys. Rev. 96 (1954) 774

modified by U.-G. MeiBner, U. Raha, A. Rusetsky, Eur. Phys. J. C 35, 349 (2004)
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How to measure x-rays

Target
(gas/liquid)

slowed-down

K-beam
Beam
counters X-ray
e o B / detectors
Decay counters
ﬁEK_pS /J-PARC X Key points of experiment
(proton synchrotron), Ja.pan low absolute yield
*secondary K- beam line — long measurement / large area
"high intensity beam - high background

(beam synchronous/asynchronous)
DA ® NE (e+e— collider), Italy — event selection / timing cuts

b calibration
¢ — K"K — well-known characteristic x-rays

K slow and monochromatic K_j . heed high energy resolution




Kaonic hydrogen experiment (1)

% M. Iwasaki et al.,, Phys. Rev. Lett. 78 (1997) 3067 G. Beer et al., Phys. Rev. Lett. 94 (2005) 212302
L Tifluorescence Kcomplex CaK R
I - oTi K =
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= 40 K : 4 5 6 7 8 9 | %
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-g i : Kcomplex 12
3 Ll KekeKs,..) =
O | o
i Background @,
|

(Quadratic function)

Khigh

14 18 22 (keV)

3 6§ o 12
0 > X-ray energy (keV)

X-ray energy (keV)
KEK-PS E228 (1997) DA®NE DEAR (2005)
« CCD x-ray detector (116 cm?)

« Si(Li) x-ray detector (120 cm?)
* 360 eV FWHM at 6 keV * 180 eV FWHM at 6 keV

* sub-ps timing information

* no timing information (high BG)

* overlay with Mn and Fe peaks 016

* event selection (low BG)




Kaonic hydrogen experiment (2)
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Kaonic hydrogen exp. and theory

Parallel session C6 by A. CIEPLY
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* theory reproduces the K—p results at threshold

1450
s'2 (MeV)

* various predictions for K-n scattering length (pure isospin 1)

- K-d

result is awaited to determine the isospin dependence

SON2016


https://arxiv.org/find/hep-ph/1/au:+Cieply_A/0/1/0/all/0/1
https://arxiv.org/find/hep-ph/1/au:+Mai_M/0/1/0/all/0/1

Kaonic Deuterium (1)

* new SDDs 200 cm?

/ DA®NE SIDDHARTA2

* gaseous deuterium target

* high geometrical efficiency

* 130 eV FWHM at 6 keV
* 400 ns timing resolution

* efficient trigger and event

Kselection with K* tag and VETy

~

SIDDHARTA (2011)
2 . ¢ |
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,>10 times better S/B

from LNF scientific committee SIDDHARTAZ2 status report (2016)
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Kaonic Deuterium (2)

J-PARC E57
at K1.8 BR beam line

support and cooling
structure for target
and SDDs

Kapton target wall with
Alu support structure

SDD array

start counter TO

SDD and
deuterium
target

S “i Il
|

Solenoid

I
_-‘.g
|

main degrader

from J-PARC proposal E57, |. Zmeskal et al. 14

* gaseous deuterium target
* new SDDs 246 cm?

* 130 eV FWHM at 6 keV

* 400 ns timing resolution

Cvent selection with CDC
H.Tatsuno@MESQO
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Experiments (past and future)

Target
K™p

K- d

K- “He

K- 3He

Experiment

KEK E228

DEAR
SIDDHARTA

SIDDHARTA2
J-PARC E57

KEK E570
SIDDHARTA
J-PARC E62

SIDDHARTA
J-PARC E62
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Physics

Precise information of K,
K-n scattering lengths

Essential inputs of chiral
SU(3) dynamics

Understanding A(1405)

Kaon-nucleus potential
depth

Chiral unitary vs
Phenomenological model

‘deep-or-shallow problem’

Antikaon-nuclear cluster
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“Deep-or-Shallow” problem

I

\ similar results at
atomic states

Chiral unitary model
shallow (~50 MeV)

potential depth
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Kaonic helium strong interaction shift (theory)

A recent theoretical

calculation

E. Hiyama :

J. Yamagata-Sekihara and S. Hirenzaki :
— Strong-interaction Shift & Width calc.

— Charge-density dist calc. for *He&He

two typical models :
[Pheno.] Mares, Friedman, Gal, NPA770(06)84
[Chiral] Ramos, Oset, NPA671(00)481

deep

shallow

Phenomenological
Vopt(r=0) ~ - (180 + 73i) MeV

Chiral unitary
Vopt(r=0) ~ - (40 + 55i) MeV

17

K-4He 2p state -0.41 eV -0.09 eV
K-3He 2p state 0.23 eV -0.10 eV
Width : 2 ~ 4 eV
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Kaonic helium strong interaction shift (theory)

J. Yamagata-Sekihara and S. Hirenzaki :

A recent ’[heOretha\ — Strong-interaction Shift & Width calc.

\ E. Hiyama :
calculation — Charge-density dist calc. for *He&3He
deep shallow

two typical models :
[Pheno.] Mares, Friedman, Gal, NPA770(06)84 ] ) §
[Chiral] Ramos, Oset, NPA671(00)481 Phenomenological| Chiral unitary

Vopt(r=0) ~ - (180 + 73i) MeV | Vopt(r=0) ~ - (40 + 55i) MeV

K-4He 2p state -0.41 eV -0.09 eV

K-3He 2p state 0.23 eV -0.10 eV

Isotope shift (k-#He - K-3He) -0.64eV <> 0.01eV
Width : 2 ~ 4 eV

Dominant systematic uncertainty (~0.15 €V)

due to kaon-mass uncertainty will be cancelled.
18 H.Tatsuno@MESON2016



Kaonic helium strong interaction shift (exp.)

Detector: SDD
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Publication year

S.Okada et al., Phys. Lett. B 653, 387 (2007)
M.Bazzi et al., Phys. Lett. B 681, 310 (2009)
M.Bazzi et al., Phys. Lett. B 697, 199 (2011)
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Kaonic helium strong interaction shift (exp.)

Detector: SDD
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Isotop shift (K*He - K3He) [eV]
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Kaonic helium strong interaction shift (exp.)

Detector: SDD

20
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Isotop shift (K*He - K3He) [eV]

SDD 2 eV
2 - ~
1.5?— .
i TES s
05 £0.2 eV Chiral -
L S
‘°-5;‘ Goal| . :
- J-PARC E62 Phen -
1.5 .

New measurement technique !
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SDD to TES

( v’ Shift : precision goal “2eV — 0.2 eV”
v Width : sensitive for [op > ~2eV

SDD g TES
(FWHM ~ 150 V) (FWHM ~ 5 V)

o

@ ~ 6 keV

22 H.Tatsuno@MESON2016



Transition edge sensors

dlog R
O =
8A a few mK legT
B EITCE CTTIIENN
Thermometer 2
X-ray energy : E 2
)
o super- normal-
f Absorber T conducting conducting

state state

Heat capacity : C -

~ pd/K
PR

Thermal conductance : G E >
- WK 0 ~ 100 mK Temperature

Low temperature heat sink L-T2C C
AEpwin = 2.355\/ =

Emaa: X —
Qv 8

rise time : ~200 psec
decay time : ~500 psec

v Excellent energy resolution < ~ 5eV@6 keV | _
sampling rate : 104.2 kHz |

v Large active area with multiplexing (240 ch)
v Compact detector package

TES current (abr.)

2 o 2 4 6
23 Time [ms]



TES spectrometer

b I

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

Bi + TES |

Cryostat
* Pulse tube (50K, 3K) + ADR (1K, 50mK)

* Temp regulation (75mK) hold time 36 hours
* Manufactured by HPD, designed at NIST

TES array
* 240 pixel Mo-Cu bilayer TESs

* 4-um thick Bi absorber — 85% efficiency at 6 keV
- pixel area: 305 um x 320 um — total 23mm?




Feasibility test at the PSI M1 beam line

v TES in-beam performance study
v measured 1iC 4-3 transition x-rays ~6.4 keV
v in-situ energy calibration (Cr and Co fluorescence)

Overhead view ADR cryostat

Lead shield

TES array
Beam intensity

monitor

* Lead —
‘ collimator

Carbon
moderator

X-ray tube

25 H.Tatsuno@MESON2016



n-C 4f—3d, 4d—3p x-rays measurement at PSI

>

n-atom peak Time (b) —EOI\J

with clear timing J: resolution |
correlation ' ~1.2 us

GG UNE v AEFwim ~ 7€V (beam on)
— 3 < M= 3t 6.4 keV

| v Atrwhm =1.2 pis

Timing [us]

fluorescence

(stainless steel)
excited by x-ray

. = l v FeKa energy uncertainty
+0.04 eV

v C 4f-3d syst
uncertainty~ 0.1 eV

200 ;_ ........................... ................................ ........................ 1', . ............... '\/.I.[C ..... 4.|:_3d .......... _;

_ ........................... ________________________________ _______________________ .............. I nc 4d3p ....... _
1005_ ........................... ................................ ................... ...... ............ ,y ...... ................................ .......................... _5 TESS Work!!

Counts /1 [eV]

| '” sl ‘ .. ] | ‘*"““ | || || |
6.3 6.4 6.5
X-ray energy [keV]
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J-PARC E62 setup at K1.8 BR beam line

existing target system

for Lig. Helium 3 & 4
] (used for K-pp search, E15 expt.)

Our TES system @ J-PARC June 2

stop K- in a target
K e

27 H.Tatsuno@MESON2016




Expected J-PARC E62 x-ray spectrum

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
1001 5 \yeek data taking 3d — 2p ~
% 80:_ [\ Assuming |
Nl B kaonic H e Fo K ‘ 6eVFWHM resolution
~ ool d— 2 si
w 60— 3 P Stat. precision
E : 120 counts ! Fe Ka K'4He : NOZ eV
g = "ot K-°He : ~0.35eV
40 — | =]
o | :
20 i LA ol \‘WIWF | I LA
1 1 | 1 1 1 j \. & \I | 1 1 1 1 | 1 1 1 1 ~

_| | | | | | | | | |} |
6000 6100 6200

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

6300 6400\ 6500 6600 6700
Energy (eV)

Fe Ka intensities are controllable
with applied voltage of x-ray tube
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Summary

KN interaction

available the precise results of SIDDHARTA K—p
various predictions of K=n (isospin 1)

K~-d 2p—1s x-ray measurement is awaited

SIDDHARTA2 and J-PARC E57 with new SDDs (2017)

K-nucleus potential depth
deep-or-shallow problem

strong interaction shift of K- SHe and “He 2p state
precision goal AEop, +0.2 eV

J-PARC E62 with TESs (2017)
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Backup
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Kaonic atoms

Coulomb capture

- ~102 times reduced mass

- keV order energy levels

- highly excited states

e " I
TN
n* ~ n, K
e
mk”* reduced kaon mass
" Y,

Cascade down
(de-excitation)
- Auger & radiative
* nuclear absorption
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“Deep-or-Shallow” problem

( )
Phenomenological Model Chiral Unitary Model
— potential — ‘ — shallow potential —
typically 180 MeV deep typically 50 MeV deep
o, " Kaonic atoms 0 ' ' ' ' ' '
;‘ 10° " - ned n=5 n=6 1} 2p 3d 4f
Q
'é' 10?2 }7 ﬁ }// n=7 / E 014
£ s |
(% 0 / b 001} [ /
; b b L] e
0 20 30 40 50 60 7 8% 90 00 10 ; ; d . 4 P :
10 _ n=5 n=6 1} /20 > 3d 4
3" s %5l |
= n=7 .
bd 0 g
% f < 0.01} d
E J. Battyz,=E.]/4edman, and A. Gal, 0.001L S. Hirenzaki,Y. Okumur3, H.Toli, E. Oset, and
o Physics Reports 287 (1997) 385 A.Ramos, Phys. Rev. C T (200p) 055205
10" Lo bbb b b b | SR § 10 15 20 25 30 35 40
ZSZatéomi: nljombmer) 7 Z (nucleus atomic number)
\. J

— Closely related to K- nuclear cluster study
— Current data quality is not good enough
to determine K-nucl. potential strength 3ON2016



Estimated energy resolution at J-PARC K1.8 BR

g2 T T T T

= 11 . . : | | _
O simulation | 2.8 MHz
<10 J-PARC PSITMT o gm
© 9 K1 SBR I I | _
-ES' I |

_5 88— 1 45 MHz ————————————————— —
S :.;|

s [ e B
7p i

O 6V —
> g beam off 4— <6 eV FWHM at

o) — | ]
S 4 i _______________________ _
= 3 S A S IR R

§ -0.2 0 02 04 06 0.8

T Averaged charged particle hit rate [Hz/pixel
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Energy calibration lines

Counts /1 eV

Beam off

18000 :_ ............ e S S .......................... ............ _:

: cublc spllne | CoKp
17000 |'ﬁfé"|"|56’l'éf|’6"ri ______________________ e ==

16000 f_ ............ ........................... .......................... ...................... COKG ............... _f

Pulse height

15000 :_ ............ ..................... .................. ..........................

14000 f_Cr ................ ........................ .......................... p ixel .......... _f

13000 I i o e e e L
5500 6000 ‘5500 7000 7500

X-ray gnergy [eV]

IIIIillIIEIIIlilIllillllillllilllli|||| FeKG
5 6 14 8

Energy [keV]

FeKa (from stainless steal):
useful to verify the energy v AErFwum ~ 5 eV (beam off)

calibration at 6.4 keV
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