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 exotic hadronic atoms are bound by the Coulomb force – QED

 e.g. +-, -p, -d, Kp, Kd, …

 Bohr radii >> as the typical scale of strong interaction

 observable effects of QCD
 energy shift  from pure Coulomb value
 decay width

 access to scattering at zero energy

 these scattering lengths are sensitive to chiral and isospin 
symmetry breaking in QCD

 can be analysed systematically in the framework of low-energy 
Effective Field Theory

Motivation
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To perform a precision measurement of kaonic deuterium X-ray transitions 

 unique information about QCD in the non-perturbative regime in the 
strangeness sector, not obtainable otherwise

 the measurement of kaonic deuterium
will allow to extract the antikaon-nucleon isospin dependent scattering lengths

 kaon-neutron scattering

 chiral symmetry breaking (mass problem)
 EOS for neutron stars

The scientific goal of E57 at J-PARC
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“normal” hydrogen

n=1

p

e-

K-

“exotic”  (kaonic)  hydrogen

2p  → 1s
K transition

Forming  “exotic”  atoms
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Stark-mixing
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1 observable hadronic
shift and broadening

1s

1s

external Auger effect
chem. de-excitation

Coulomb de-excitation

X-ray radiation

K

Cascade  Processes
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Kaonic hydrogen:  

SIDDHARTA

DEAR

ε1s = -283 ± 36(stat) ± 6(syst) eV
Γ1s =  541 ± 89(stat) ± 22(syst) eV
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Improved constraints on chiral SU(3) dynamics from kaonic hydrogen
Y. Ikeda, T. Hyodo and W. Weise, PLB 706 (2011) 63

Real part (left) and imaginary part (right) of the Kp  K p forward scattering
amplitude extrapolated to the subthreshold region, deduced from the SIDDHARTA
kaonic hydrogen measurement. 3rd Jagiellonian Symposium 2019, Krakow
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Chirally motivated KN approaches A. Cieplý

MENU 2019
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Kyoto-Munich (KM)
KM.. solid black

Murcia (MI , MII )
MI ..dashed blue

MII..dashed green

Bonn (B2, B4)
B2..dotted purple

B4..dot-dashed red

Prague (P)
P…dot-long dashed blue

Barcelona (BCN)
BCN..dot-dot-dashed brown

A. Cieplý

MENU 2019



Japan Proton Accelerator Research Complex  - J-PARC

LINAC  400 MeV

Rapid Cycle 

Synchrotron

3.5 GeV 

Material and Life 

Science Facility

Neutrino beam

Hadron

Hall
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Primary beam:       30 GeV/c protons
Repetition cycle:    5 sec
Flat top:                   3 sec
Production target:  Au
Kaon momentum:  1.2 GeV/c (max.)



J-PARC
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Experimental challenge towards a K-d measurement

 X-ray yield: K-p  ~ 1 %

K-d  ~ 0.1 %

 1s state width: K-p  ~ 540 eV

K-d  ~ 800 – 1000 eV

BG sources: asynchronous BG   timing
synchronous BG     spatial correlation

 X-ray detector system
 Lightweight cryogenic target
 Charged particle veto

Kaonic hydrogen - SIDDHARTA



SIDDHART-2 new X-ray detector
New SDD technology with 
CUBE preamplifier

55Fe spectrum

123.0 eV FWHM
CUBE
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K

start counter T0

entrance window 75 µm Kapton

Al reinforced side wall 75 µm Kapton

12 x 4 SDD arrays

SDD cooling and support

target cell:  l = 160 mm, d = 65 mm
target pressure max.: 0.35 MPa
target temperature:  23 – 30 K
SDD active area: 246 cm2

density: 5% LHD 
(29K/0.35 MPa)

Combined target and SDD design



J-PARC E57 K-d apparatus

Cryo target + SDD detector

Line driver boards

Ultra-pure aluminium cooling lines

Analogue signal and HV-LV cables

16-channel amplifier boards

2-stage closed cycle cryo-cooler
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Solenoid

Cylindrical detector hodoscope

Cylindrical drift chamber

Cryogenic target cell

surrounded by SDDs

Refrigerator for 

target and SDDs

E57 within E15 spectrometer (CDS)
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C-degrader:
~ 500 mm



K1.8BR area February 2019

E15 CDS H2/D2 gas target
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SMI - SAB    April 18-19, 2018

Geant4  simulated  Kd X-ray spectrum 

achievable precision:
shift: 60 eV
width: 140 eV

signal: shift - 800 eV 
width 800 eV 

density: 5% (LHD)
detector area: 246 cm2

K yield: 0.1 %
yield ratio as in Kp
S/B ~ 1 : 4

QED
 vertex cut 
 charged particle veto 
 asynchronous BGK K

Khigh

21



For more infos:

Rev. Mod. Phys. 91, 025006 – Published 20 June 2019
3rd Jagiellonian Symposium 2019, Krakow

Thank you for your attention!



Kd scattering lengths - theory

1s [eV] 1s [eV] Reference

- 670 1016 Weise 2017  [2]

- 887 757 Mizutani 2013 [4]

- 736 826 Shevchenko 2015   [5]

- 779 650 Meißner 2011 [1]

- 769 674 Gal 2007  [6]

- 884 665 Meißner 2006   [7]

- 1080 1024 Oset 2001 [3]

[1]  M. Döring, U.-G. Meißner, Phys. Lett. B 704 (2011) 663
[2] T. Hoshino et al., Physical Review C96 (2017) 045204
[3]  S.S. Kamakov, E. Oset, A. Ramos, Nucl. Phys. A 690 (2001) 494
[4]  T. Mizutani, C. Fayard, B. Saghai, K. Tsushima, Phys. Rev. C 87, 035201 (2013), arXiv:1211.5824[hep-ph]
[5]  N.V. Shevchenko, Phys. Lett. B 744 (2015) 105
[6]  A. Gal, Int. J. Mod. Phys. A22 (2007) 226
[7]  U.-G.  Meißner, U. Raha, A. Rusetsky, Eur. phys. J. C47 (2006) 473
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V. Baru, E. Epelbaum, and A. Rusetsky, 

Eur. Phys. J. A 42 (2009) 111

Scattering  lengths

µ…reduced mass of the Kp system 

…fine-structure constant
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Deser formula connects shift ε1s and width Г1s

to the real and imaginary part of ɑ K-p 

C  includes all higher-order contributions, all other 
physics associated with the K-d three-body interaction.

𝜀1𝑠 −
𝑖

2
Γ1𝑠 = −

2𝜇2𝛼3𝑎𝐾−𝑝
1 + 2𝜇𝛼 𝑙𝑛𝛼 − 1 𝑎𝐾−𝑝

𝜀1𝑠 −
𝑖

2
Γ1𝑠 = −2𝜇2𝛼3𝑎𝐾−𝑝

Improved Deser formula 
with isospin corrections



Theory – K-d precision SIDDHARTA-2 and E57
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Physical Review C96 (2017) 045204
arXiv:1705.06857v1 [nucl-th] 19 May 2017
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