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Spectroscopy
of Kaonic atom x-ray
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Fundamental study of strong interaction

between anti-K & nucleus at low energy limit
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VWhat Is
Kaonic atom ?



Kaonic atom formation

n ~ sgrt(M*/me) N’ ~ 25 (for K-p)

(M* : K-p reduced mass)

highly-excited state

1) Initial capture

stopped in a target medium
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Auger Electron




Kaonic atom formation
e-
Auger Electron

deexcite
2) Cascade il FR‘ X-ray
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Kaonic atom formation
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Auger Electron

T-T-N/}

Shift and Width {

: e.g. - 1s for K-p, K-d
of last orbit P ]

- 2p for K-He




Kaonic atom formation
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Auger Electron

The strong int. width — Radiative trans. width




Kaonic atom formation

e-

Auger Electron
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4) Absorption

The strong int. width — Radiative trans. width



The simplest Kaonic atom

Kaonic Hydrogen

K_
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Last orbit = 1s
~ Kaonic hydrogen ~

3
measurement
2p
2p-1s X-ray (~ 6 keV)
1o =t Width @ T 2p due to
I's (only Coulomb)/ ==---" Shift - AEQp strong Int.
J

———————————————————————

A mm, o o S e Ve e T S i S N e




Last orbit = 1s
~ Kaonic hydrogen ~

measurement

2p

2p-1s X-ray (~ 6 keV)

Repulsive :
Shift = negative value
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[s (only Coulomb) ===--




Last orbit = 1s
~ Kaonic hydrogen ~

measurement

2p

2p-1s X-ray (~ 6 keV)

I's (only Coulomb)  ===-=F Atractive :

Shift = positive value
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Deser Formula

S-wave scattering length “a k-p”

expressed with isospin dependent
Kaonic hydrogen scattering lengths ao (1=0), a1 (I=1)
a,(I = 0)+a(l=1)

Kp 2

One of the most important observable
on the physics of the KN interaction
~ together with the values of K-d (for “a k-n") ~



Difficulty of KH Ko X-ray

Density-dependent yield due to Stark mixing

Kaonic Hydrogen Atom & \Dipol @ Flald
© pioton
Micture between £ and £ +1 .

proton

— Low density gaseous hydrogen target
— Low energy Kaon with small energy spread
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History of
Kaonic hydrogen
measurement



70-80’s : Kaonic hydrogen puzzle

Repulsive  Attractive past 3 exp.

Previous Kaonic X-ray Measurements
DATA Analysis
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98’ : solving K-p puzzle

Repulsive Attractive

He £ Landau 93
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KEK-E228 exp.

Ti fluorescence
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Counts / 50 eV

X-ray energy (keV)

Kcomplex

/ (Ks,Ky,Ks,...)

Counts /100 eV

Background
(Quadratic function)

X-ray energy (keV)

 *Gas targ'ét
*Si(Li) as x-ray detector
*Hadron beamline

M.lwasaki, PRL78(1997)3067



Width [eV]

Repulsive Attractive

repulsive-type <—E—> atfractive
i

727 (KEK)

M. Iwasaki et al 1997

+6 eV

Phys.Rev.Lett. 94, 212302 (2005)
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*Gas target
*CCD as x-ray detector

G. Beer et.al., PRL94(2005)212302



09’ : Present experiment

error in shift ~ + 10 eV
error in width ~ + 35 eV

! ! I 1 '
repulsive-type € + ® attractive

Epi (KEK) SIDDHARTA
M. Iwasaki et al 1997 precision goal
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£,,=-323+63+11eV
MN.,=-407+208+100eV
249+1111£30 eV

Phys.Rev.Lett. 94, 212302 (2005)

£,, =-193+3746 eV

r1$
Davies et al, 1979
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SIDDHARTA experiment

r

e Kaonic Hydrogen : 2p->1s (~6.4 keV)
--- simplest kaonic atom -> K-p scattering length ---
Significant improvement over previous measurements

® Kaonic Deuterium : 2p->1s (~7.8 keV)

--- extract K-n scat. length (three body int. of K-d) ---
First measurement!

® Kaonic Helium : 3d->2p (~6.4 kev)

First measurement with gaseous helium target
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Silicon Drift Detector - SDD

FET <
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Silicon Drift Detector - SDD

(C=¢gS/d)

electrode

\_

anode
cathode

~N

Si(Li) SDD

parallel plate type
of silicon detector
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small anode
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small capacitance

P

~—r T

Sy
& >

Y&

High resolution
with thin depletion layer

Suppress a background
due to Compton scattering
Inside the detector




Silicon Drift Detector - SDD

KEK, 1998 DEAR, 2005 SIDDHARTA

Detector Si(Li) CCD SDD

Energy Resolution| 360 eV 180 eV 180 eV

Thickness sub 10 mm | sub mm sub mm
Effective area 120 cm?2 116 cm? 114 cm? L

Time resolution | sub wusec ~ 30 sec sub usec




Silicon Drift Detector - SDD
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Final testing and
assembling at SM
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Gluing and bonding at
Fraunhofer Institut - Berlin
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SIDDHARTA overview




SIDDHARTA overview
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SIDDHARTA overview




SIDDHARTA overview

target chamber
& SDDs inside




SIDDHARTA overview
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Triple coincidence
Trigger



SDDs & Target E

(inside vacuum)
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Kaonic helium
Result

~ Estimation of statistical accuracy
of KH shift value ~



Good for the test
of KH Kx measurement

Yield rate”
Energy (Em) (per stopK)
KHe La 6.4 keV 0
KH Ko 6.5 keV =

v similar value of each transition energies
v ~10 times faster than the KH Ka vyield rate

* At ~ 10 Pstp of helium gas, x ray event per stopped kaon




Counts

Calibration with X ray tube

Typical calibration spectrum for one SDD

v/ In-beam
v/ X ray tube
v/ Ti, Cu foils

ADC channel

Energy resolution : FWHM (@6.4keV) ~ 170 eV




Kaon correlated event timing

Entries 15449
Mean x 9476
Mean y 64.81
RMS x 5130
o RMSy 183.2
o 1w _27]
* (5] :

Timing [ch]

e
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‘After slewing correction

=0

40000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000
Energy [eV]




Timing spectrum

Entries 18011
Mean 63.97

RMS 212.6
Underflow 0

Overflow 7195

Out of

Kaon timing
1.2 ysec

Kaon timing
1.2 ysec

)
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-1000 -800 -600 -400 -200 200 400 600 800 1000
(8.3 [nsec/ch]) Channel




Energy spectrum of KHe

il
3d-2p

* EM calc.
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K-*He 3d->2p : Gaussian fit

The mean value (shift) is
consistent with previous value Yields per INnt. Iuminosity

' | 48 = 5 [counts/pb-1]

[
-
-

S/N ratio = 6.6 (for +20)
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Count/50.0 [eV]
&

Counts : 346 counts

Int. luminosity : ~ 7 barn™’

Acquisition time : ~ 17 hour
Resolution : 180 eV (FHWM) (c=76 €eV)
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600

500

400

300

200

100

I

AU JIC JIl U e

- e\ ..................................................... o
- \ &
__+ ................. |+ N ..........................
i S AP LS S S 1% 0 s Thine SIS SRS
n Assumptions: . Statistical accuracy
E v Same background rate of determining the
¥ Same energy resolution (o = 76 eV) _
- o _ shift [eV] :
- ¥ Requested Integral luminosity : 400 pbarn-’
— V Yield ratio between KH Kaand KHe La=1:10 ... ~ 10 eV
-V Natural width = 249 eV (DEAR: PRL94 212302) |
D ————T T ———————— l N
00 5500 6000 6500 7000 7500 8000

Energy [eV]



y

e b e e s SR SR

FET WY N SN R PETMCW TR TN T

p—



Summary

v/ SIDDHARTA setup with 144 SDDs in operation
v KHe L« line mean value consistent with previous value

v KH K« precision ~ 10 eV for 400 pbarn-’

= Further tuning for hydrogen target run in progress.





