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Introduction
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~Shift (eV)

Kaonic atom data (Z>3)
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Future directions in kaonic atom physics

E. Friedman

Predictions for the 2p level in kaonic He isotopes (in eV).

‘He He
added phen. 1385 res. shift width shift width
no no 0.2 1.9 0.4 2.1
no yves -0.1 1.9 <L 23
yes no 0.3 21 -0.2 1.6
yes ves 0.0 1.9 -03 1.9

EXA2011, Vienna, September 2011



Possible shift of Kaonic helium (Z=2)

AE,,  Y.Akaishi, EXAQO5 proceedings
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K-4He 2p level shift
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SIDDHARTA Experiment
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Counts / 10 eV

Counts / 30 eV
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KHe-4 energy spectrum at SIDDHARTA
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Data taking periods of SIDDHARTA in 2009

K-He4 data with Fe source PLB681(2009)310
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Data taking periods of SIDDHARTA in 2009

DAFNE shutdown in Summer

—>

New alignment of setup
—2>Improve S/N ratio
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Calibration data

with X-ray tube

SDD X-ray energy spectra
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Calibration data

with X-ray tube

SDD X-ray energy spectra

| Calibration Ti&Cu

Production data

Not correlated to
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Calibration data
with X-ray tube

SDD X-ray energy spectra

Not correlated to
Kaon signals
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Calibration data

SDD X-ray energy spectra

with X-ray tube

Production data
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SDD X-ray energy spectra
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Calibration data

with X-ray tube

Production data

Not correlated to
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Production data

SDD X-ray energy spectra

peak shift: 6.5 eV
Precision : +-3.5 eV
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Counts / 50 eV

Kaonic Helium-3 energy spectrum
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Discussion
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Comparison of results

Shift [eV] | Reference
KEK E570 +2+2+2 | PLB653(2007)387
SIDDHARTA (He4 with 55Fe) | +0+6+2 | PLB681(2009)310
SIDDHARTA (He4) +5+3+4 | arXiv:1010.4631,
SIDDHARTA (He3) -2+2+4 | PLB697(2011)199
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@{}_{,7
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-35+12 ol s N
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0 1 O I
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Comparison of results

Shift [eV] | Reference
KEK E570 +2+2+2 | PLB653(2007)387
SIDDHARTA (He4 with 55Fe) | +0+6+2 | PLB681(2009)310
SIDDHARTA (He4) +5x+x3+x4 | arXiv:1010.4631,
SIDDHARTA (He3) -2+2+4 | PLB697(2011)199
20
. ] B
Question: both 0-eV shift” i | SIDDHARTA
A
0l - N
Within error, consistent with 0 eV, : Eafd &
But $ KHe3
Within error, cannot exclude 0-eV shift 0 . O |
_5 T
A shift of more than 1 eV??
Possible isotope shift!? N sz zom

- Gold of J-PARC E17

*error bar = J_r\/ (stat)? + (syst)?



Outlook
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The (slightly) modified E17 goals

SIDDHARTA: E17 quantity Unoertainty (eV)
8 ; K-3He j

. 2p shift 1 (etat}

- K-4He

I } Q 2p shift + 1 (stat.)

E isotopse shift + 1.5 (stat.)

s + o :

b : PAC, J-PARC,
n e i by Hayano
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Strong-interaction width

“Old experiments”

E570 preliminary results
The htted width was

rﬁ-p (_'E'-‘\"T )

, . I's, =6+ 5 (stat) 1 (syst) eV.
Wiegand (71) | b

Batty (79) 30 £ 30
Baird (83) 100 +£ 40

- s, << 17 eV 95% confidence level
EE / & —_ - K - - - -
Average 55 = 34 P

An upper limit of the width was determined to be

SIDDHARTA results:

Under detection limits
Precise values under study

Width is much smaller than
the detector resolutions

—->Need much better X-ray detector
->Or other technique !?

c.f.
SDD resolution
~ 150 eV at 6 keV
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Transmission
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X-ray transmission vs Width
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SIDDHATRA

Summary

K-3He and 4He X-rays were measured In

First measurement in gas targets
First observation of kaonic 3He,

prior to J-PARC E17

Both shifts: as small as a few eV

Shift [eV] | Reference
K-He4 (with 55Fe) +0*x6+2 | PLB681(2009)310
K-He4 +5+3+4 | arXiv:1010.4631,
K-He3 o241 PLB697(2011)199




Outlook

sotope shift between He3& He4d??

Determination of width

Determination of X-ray yields between gas &liquid
Measurements of kaonic He 1s shifts?

(Estimated shift: ~ 6 keV, width: ~5 keV, yield~0.05%)

Shift [eV] | Reference

K-He4 (with 55Fe) +0+6+2 | PLB681(2009)310

K-He4 +5+3+4 | arXiv:1010.4631,
PLB697(2011)199

K-He3 -2+x2+4




Supported by

Hadron Physicsz

Study of Strongly Interacting Matter

HadronPhysics I3 FP6 European Community
program: Contract No. RII3-CT-2004-506078

BMW_F°

Austrian Federal Ministry of
Science and Research BMBWK
[650962/0001 V1/2/2009]

@ /srs
Gran fs-ih‘-f’l id for Scientific Research
< KAKENHI >

Grant-in-Aid for Specially Promoted
Research (20002003), MEXT, Japan

Study.of Steongly Interacting Mattex
European Community Research Infrastructure
Integrating Activity “Study of Strongly
Interacting Matter” (HadronPhysics2,
Grant Agreement No. 227431) under the

Seventh Framework Programme of EU

ANCS

Autoritatea Mationala pentru Cercetare Stiintifica

Romanian National Authority for

Scientific Research

[2-CeX 06-11-11/2006] | I IF

Austrian Science Fund (FWF):
[P20651-N20]






Experimental results before SIDDHARTA

Target | Last Level shift
orbit Old experiments New experiments

H 1s Attractive Repulsive

Davies (79), lzycki (80), Bird (83) KpX(97), DEAR (05)
D 1s No data No data
3He 2p No data No data
“He 2p Large Small

Wiegand (71), Batty (79), Baird (83) | KEK E570 (07)

Recently performed experimental results: different from old data

SIDDHARTA experiment:

All light targets (from hydrogen to helium-4)
Confirmation of “New experimental results” and
Improvement of precession
First data of kaonic deuterium and kaonic helium-3




Data taking periods of SIDDHARTA in 2009

He-4 r Il | | i I
He-3 | I
D¢ = ]
H: | ]
01/01 03001 05001 07/01 _ 09/01  11/01
Reference
He4 with 55Fe PLB681(2009)310
He4 arXiv:1010.4631,
He3 PLB697(2011)199
H arXiv:1105.3090




Kaonic He-4 X-rays at SIDDHARTA

2009
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First measurement with gas target

precise calibration:
4.5 keV & 5.9 keV X-rays

as in-beam calibration lines




Photon cross section in helium
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x—ray vields per stopped K~ (%)

Expected X-ray yields in helium gas

Y. Akaishi (EXAO05 Presentation)

Calculated by T. Koike

Density dependence of K —*He atom x—ray yilelds
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AE,, [eV]

Experimental results since 1971

207 ] E570 results ('07)
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Comparison of X-ray detectors

Good time resolution Good energy resolution

SDD

experiment KpX DEAR | E570

. e Detector Si(Li) CCD SDD
Area [mm?2] 200 724 100
Thickness | [mm] 5 0.03 0.26
T.Ishiwatari, A E (FWHM) | [eV] >Q|-O 170
/P fnt: 19409169 At (FWHM) | [ns] 200) X -| C430
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Detector Si(Li) CCD SDD
Area [mm?2] 200 724 100
Thickness | [mm] 5 0.03 0.26
T.Ishiwatari, A E (FWHM) | [eV] >QI.O 170 '
Hyp. Int. 194(09)165 -
At (FWHM) | [ns] 200) X -| C430




SDD selection

Stability of peak position

AE [eV]
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Selection of Good SDDs,
in terms of energy resolution, ——)>
peak shape, stability

Analysis of “calibration”
(X-ray tube) data

X-ray peak shape
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92 SDDs out of 144 SDDs installed




Peak shift [eV]
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Correction of temporal fluctuations

— W/o correction

/ Ti Ka
i %}3 %}1 i:

¥ 5 iy3
: B

* i g =1
1 o F H«t
J 1§ } f l& 1: } 3

i ]iﬁ{-{ﬂnﬁ}}iﬂfﬂﬂ i m};]L bRl ‘[i t] HHT

* ;‘E i‘}.}f ﬁ‘.%f
X O ik i B g
i g 2 Bz 5 X
- 2 * 3
i i ¥

E
i

;F .
W/ correction

Cu Ka

;‘ii* - ;:E;' 3

-HLH- THH ﬂ?i}ﬂi’fﬂ Fi3saadl H Lfﬁ FH gl }1 TiHjsH] {;lri];ii :

i . i”'k.f%
\ 4

Ti/Cu peak pos. vs time
In a typical SDD

Fluctuation:
Typically ~ +/- 5 eV

| Fluctuation Corrected |

| calibration data |
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= SDD X-ray energy spectra
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Evaluation of systematic error

Sum of data of
K-D, K-3He, K-4He
After shut down

(=same geometry)
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Peak shift: - 6.5 eV
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Evaluation of systematic error

Time (or target) dependency
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energy shift [eV]

Evaluation of systematic error

—~

Production data

KHe-3 data with Fe source
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With correction, Mn position
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Evaluation of systematic error

“kaon-coincidence” with K-d data

Fit of kaonic (C/O/Al) atom X-ray lines
with known energy
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Evaluation of systematic error

confirmation of the accuracy of energy determination & peak shift

5
Mn Ka :
0 (K3He) Ave: -7.4 eV
=
)
E
= s | B
> 4 -6.5+/-3.5 eV
-10
// | High-E
Low-E : . : , . . (KD)
-15
(KD) 4 5 8 7 8 9 10 T 12
Energy [keV]

To obtain absolute energy
from a fit value,

Average of three points: consistent Eexp =Eq +¢

with the systematic error band

e=+651+35eV




Comparison of results
PL8653(2007)387 Kaonic 4He 2p level shift
Target Shift [eV]
KEK E570 Liquid

Sato, ECT* Workshop 2009

+Zié2?/

Counts / 25 eV

Counts / 50 eV

Fit residuals

m In-beam calibration

1. calibration/ and peak shape
from Ti (4.5 keV) and Cu (8.0 keV).

Channel _
x10° 1600 2000 2500 3000 3500 Apply for K-4He (64 keV) )
sl 1TiKe INiKe  (a) Calib, - 2. Simulation of Compton tail using
o E570 data | measured kaon stopping distribution.

. | Sys err = uncertainty of above
15 ‘ D self trigger
: Ni Kp

10|
5T e R
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I T e K~beam
a a 45001
150 F 4000; fOF K'4He ﬁJj LHW
K- timing iR Sy | -
50 2500% HJ ﬁLj
Yo i o .
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Zh7 : % I:ZZ _ scattering [ 1
s+ 5 6 7 8.8 10 1 0 I D IS v T D B D
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Energy [eV]



Comparison of results

PLB681(2009)310

Kaonic 4He 2p level shift

Target

Shift [eV]

g

+Oia%gv

SIDDHARTA (Test) Gas

1. Calibration and peak shape
from Mn (5.9 keV)

Ishiwatari, ECT* Workshop 2009

x10° Sys err = energy non-linearity, uncertainty
of corrections of temporal

fluctuation & rate dependency

Mn Ko 3 Baq
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Comparison of results

PLB697(2011)199
Target Shift [eV]
SIDDHARTA (He-4) Gas +5+364 ey
SIDDHARTA (He-3) Gas 24264 ey

Compared to several X-ray peaks
with known energy
Sys err = uncertainty of
energy determination
obtained from them

Ti High rate [cu
o
Low rate
Ti Cu
>
! Correction term:

e =4+65+35

eV




Comparison of results

Kaonic 4He 2p level shift

Target Shift [eV]
KEK E570 Liquid +2+x2+2 eV
SIDDHARTA (w/ 55Fe) | Gas +0x6+2 eV
SIDDHARTA (New) Gas +5+3+4 eV

Kaonic 3He 2p level shift

Target Shift [eV]
SIDDHARTA Gas 2+2+4 eV
J-PARC E17 Liquid ?2?7Ex?7x? eV

shift AE,, = E,,, — E,

.m.

AE,, > 0("attractive”shift),
AE,, <0("repulsiveshift),




