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Following the 14th J-PARC PAC 
decision, we have allocated all the 
available resources (¥ & manpower) 
to E15.
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E17 : K--3He 3d→2p x-rays

3d

2p

(Coulomb-only)

3d-2p X-ray (~ 6.2 keV)

Width : Γ2p

Shift : ΔE2p

Strong 
interaction

Nuclear Absorption

related closely to E15 and other experiments studying 
“deeply-bound kaonic systems” 

ΔE2p Precision Goal: ± 2 eV (stat) ± 2 eV (syst)
Proposed in 2006

8 x SDDs
(silicon drift detectors)

~150 eV FWHM
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1. WHY ISOTOPE SHIFT?

E17 has been ready to run, but meanwhile...

presented at PAC11
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SIDDHARTA (at DAΦNE) published K-3He 

SIDDHARTA Collaboration, Physics Letters B 697, 199 (2011).

the kaonic 3He L� line (the 3d� 2p transition). Along with this peak, other
small peaks are seen. They are identified as the Ti K� line at 4.5 keV, the
kaonic carbon 6h� 5g transition at 5.5 keV, the kaonic oxygen 7i� 6h at
6.0 keV, and the kaonic nitrogen 6h� 5g at 7.6 keV. These kaonic atom X-
rays were produced by kaons stopping in the target window made of Kapton
(Polyimide) (C22H10O5N2). The identification of these lines was confirmed
in the analysis of data taken with other target gases (hydrogen, deuterium,
and helium-4).
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Figure 5: Energy spectrum of the kaonic 3He X-rays in coincidence with the K+K� events.
The kaonic 3He 3d� 2p transition is seen at 6.2 keV. Together with this peak, small peaks
are seen, which are the kaonic atom X-ray lines produced by kaons stopping in the target
window made of Kapton (Polyimide), and the Ti K� line at 4.5 keV.

The kaonic helium L� peak was fitted with a Voigt function, which is a
convolution of a Gaussian and a Lorentzian. The fit lines are shown in the
figure. The energy resolution of the peak is consistent with the value obtained
from the non-coincidence data (about 150 eV (FWHM) at 6.2 keV). The peak

10

SIDDHARTA main goals:
Φ → K+K-, K-p, K-d in gas, using 144 SDDs
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SIDDHARTA K-3He & K-4He

SIDDHARTASIDDHARTA
K-3He -2 ± 2 ± 4
K-4He (new) 5 ± 3 ± 4

All results consistent with small (~0 eV) shift, BUT
is this an indication of “finite isotope shift” of 7 ± 3.6 eV ? (~2 σ)
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Isotope shift : theory
Akaishi, 2005
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Table 1: Optical model calculations by Friedman [12].

2p shift (eV) 2p width (eV)
Kaonic 4He -0.3 – 0.4 1.6 – 2.3
Kaonic 3He -0.1 – 0.3 1.9 – 2.1
Isotope shift 0.0 – 0.5

At the 11th J-PARC PAC, we showed [13] that if we are allowed to run an addi-
tional 8-kW-weeks (total of 20-kW-weeks)3, we should be able to pin down the strong-
interaction shift of both kaonic 3He and 4He to a precision of ∼ ±2 eV, so as to clarify
the situation.

In this regard, we appreciate that the 12th J-PARC PAC suggested [14]:

The presentation also showed some modified goals for E17 following recent
news from DAΦNE at Frascati of a possible large isotope shift between 3He
and 4He, which were shown in the previous meeting. A working plan was out-
lined for the E15 and E17 to share beam tuning runs with low beam intensity
at a few kW in the first half of 2012, and physics runs with approximately
10 kW beam intensity following the summer 2012 shutdown.

The PAC is pleased to hear about the good recovery work done so far. With
respect to the modified goals of E17, the collaboration is asked to provide,
for PAC review, an addendum including some theoretical estimates of the
expected isotope shift.

After the 12th J-PARC PAC, the collaboration carefully examined the achievable
shift/width precisions and their physics impacts, by taking the beam intensity constraints
into account, and we here show in detail that it is possible to measure the 2p-level strong
interaction shift of kaonic 3He and 4He to ∼ ±2 eV. It is also possible to measure the 3He
width to ∼ ±3 eV by the X-ray absorption spectroscopy (XAS) method, as discussed
in the next section. No such width measurement has been done for kaonic atoms for
Z > 1, and our proposed shift and width measurement will impose the most stringent
constraint on the kaon-nucleus strong-interaction parameters.

2 The X-ray absorption spectroscopy method

A width measurement of the kaonic 3He 2p level is proposed to be done using a transmit-
tance measurement of the kaonic X-rays through neodymium (Nd) foils (Fig. 2) placed

3Note that in the original E17 proposal we requested 135-kW-weeks; by careful tuning of the K1.8BR
beamline, and also by making various improvements to the setup, the beamtime requirement has been
reduced by an order of magnitude.

3

E. Friedman, talk at EXA 2011
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Summary of systematic errors (shift)
uncertainties                                            systematic errors (eV)

  

Quadratic sum of (1)-(4)                   ±0.72                         ±0.26

ΔE( 3,4He)               ΔE(3He) – ΔE(4He)  
(1) SDD response

  Low energy tail                                 ±0.40                         ~0　　　　　
  Pileup contamination                  　      <+0.10                     ±0.10 
  Compton tail                                    ±0.17                         ~0
  Shelf structure 

 
           ±0.10                         ~0 
  Energy resolution                              <±0.03                    <±0.05 

(2) Energy scale
  Linearity                                          ±0.50　　　                     ~0　　　　
  Calibration accuracy                           ±0.14                         ±0.2

(4) E. M. value from Kaon mass                   ±0.2                            ~0

(3) Background shape                               ±0.08                        ±0.12                        

Systematic error of 3He/4He shift : 0.72 eV          isotope shift : 0.26 eV 
(Statistical error)                      (1.0 eV)                             (1.5 eV)

isotope shift measured by E17 to ±1.8 eV 
can clarify the situation
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2. WIDTH in addition to shift

Determining the width by fitting a Voigt to the 
peak is impossible, unless the width is ≳  20 eV, 
but we’ve found a better way

presented at PAC12
a memorandum submitted to PAC14
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The method: X-ray absorption spectroscopy

X-ray Energy (eV)
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The attenuated Lα counts → width

(a
rb

itr
ar

y)
   

   
   

   
   

   
   

   
   

  

0

5

10

15

20

25

30

35

2p width =  2 eV

2p width =  5 eV
2p width = 10 eV

(a) original energy spectra
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(b) Nd filtered energy spectra
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(c) Smeared energy spectra

raw spectra for
width 2, 5, 10 eV

Nd-filtered spectra for
width 2, 5, 10 eV

larger width → less attenuation below 
the Nd L3 edge

Nd-filtered spectra measured with SDD
width 2, 5, 10 eV

Yield depends on the width
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(counts with foil)/(counts without foil)

2p Width [eV]
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Expected K-3He x-ray spectra w/wo Nd foil
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Width can be determined to 3 eV precision
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width can be determined by a 
simple “counting” experiment.
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some possible issues

‣ Stop-K rate re-estimate … in progress

‣ Nd foil was found to have a short “lifetime”

‣ Target cell needs to be exchanged & SDDs needs to 
be installed (E15-17 change-over time ~ 3 mo)

‣ (optional) SDD operation with magnetic field?
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E17 Conclusions
Table 7: Run plan & Beam time request. What we actually need for the production
is the product of kW×day. Note that E17 is relatively insensitive to the beam spill
structure, thanks to the good π/K separation achieved at the K1.8BR beamline, hence
can fully utilize the 10 kW (or higher) beam intensity.

beam intensity duration
Reproducibility check for 0.9 GeV/c beam ∼ 1 kW 5 days
Range measurement (K− stop tune) ∼ 3 kW 3 days
Full commissioning with 4He target ∼ 3 kW 3 days
Production
K4HeX measurement 10 kW 4 days
K3HeX measurement without Nd 10 kW 6 days
K3HeX measurement with Nd 10 kW 4 days

References

[1] M. Bazzi, et al., Physics Letters B 704, 113 (2011) and references therein.
[2] R.S. Hayano et al., P17: Precision spectroscopy of Kaonic Helium 3 3d → 2p X-rays

http://j-parc.jp/researcher/Hadron/en/Proposal e.html#0606
[3] R. S. Hayano et al., Proposal of KEK-PS E570 (2005).
[4] Y. Akaishi and T. Yamazaki, Phys Rev. C65, 044005 (2002) .
[5] T. Suzuki et al., Phys. Lett. B597, 263-269 (2004).
[6] M. Agnello et al., Phys. Rev. Lett. 94, 212303 (2005).
[7] T. Kishimoto et al., Nucl. Phys. A 754, 383c (2005).
[8] M. Iwasaki et al., P15: A search for deeply-bound kaonic nuclear states by in-

flight 3He(K−, n) reaction http://j-parc.jp/researcher/Hadron/en/Proposal
e.html#0606

[9] R.S. Hayano et al., “E17/E15 status”, presentation at the 9th J-PARC PAC meeting
http://nuclpart.kek.jp/pac/1001/J-PARC PAC9.html.

[10] M. Bazzi, et al., Physics Letters B 697, 199 (2011).
[11] Y. Akaishi, Proceedings of EXA05, A. Hirtl, J. Marton, E. Widmann and J. Zmeskal

eds., Austrian Academy of Sciences Press, Vienna 2005.
[12] E. Friedman, talk at EXA 2011 https://indico.gsi.de/materialDisplay.py?

contribId=56&sessionId=17&materialId=slides&confId=1221.
[13] R.S. Hayano et al., “E17 status”, presentation at the 11th J-PARC PAC meeting

http://nuclpart.kek.jp/pac/1101/J-PARC PAC11.html.
[14] Minutes of the 12th meeting http://j-parc.jp/researcher/Hadron/en/pac

1107/minutes-j-parc-pac-20110709-v6.pdf.
[15] S. Okada, et al., Physics Letters B 653, 387 - 391 (2007).
[16] R.D. Deslattes, et al., Review of Modern Physics 75, 35 - 99 (2003).
[17] X-Ray interactions With Matter http://henke.lbl.gov/optical constants/
[18] W. Brandt and G. Lapicki, Physical Review A 23, 1717 (1981).

13

2. Beamtime request

2. Expected physics outputs

①
②
③

①&② → kaonic 3He-4He ISOTOPE SHIFT determined to 2 eV
②&③ → kaonic 3He WIDTH measured to 3 eV
               (independent of the resolution function of the SDD x-ray detector) 

1. E17 is ready to run & can be completed in 20 kW-weeks

c.f. original E17 proposal requested 5 weeks at 27 kW = 135 kW・weeks

insensitive to the spill structure
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