
Kaonic Atoms at DaΦne
the SIDDHARTA Experiment

1MESON08 

LNF - INFN 
SMI – ÖAW
IFIN-HH Bucharest
INFN Sezione Roma
RIKEN 
Univ. Tokyo 
Univ. Victoria
Politecnico Milano
MPI München



2MESON08

• Motivation

• Kaonic atoms at DaΦne

→ Results on kaonic nitrogen

→ Results on kaonic hydrogen

• The SIDDHARTA project

→ New X-ray detectors 

→ New SIDDHARTA setup

→ Physics goals, programme

• Summary and Outlook

Content



3MESON08



4MESON08



MESON08 5

SIDDHARTA Goal
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SIDDHARTASIDDHARTA

Measurement of  strong  interaction induced shift and width 
of  kaonic hydrogen with an accuracy of a few eV and a first
measurement of kaonic deuterium.
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Kaonic  hydrogen  atoms are ideally suited to
study strong  interaction with strangeness

strong  interaction shift ε1s and width Γ1s
directly observable  by X-ray spectroscopy

Kaonic hydrogen:  DEAR  and KpX

but: precision data missing

Kaonic deuterium never measured before
→ extraction of isospin dependent scattering lenghts

Motivation
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due to the strong interaction kaon-proton
the 1s level is shifted and broadened

shift and width 
of states n>1  negligible

Kα   ∼  6.3 keV

ε1s = E2p-1s – E2p-1s
meas em

strong

Kaonic hydrogen X-rays
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ε+ i Γ
2

=
2π
μ

ψ1s(0) 2 a
K − p

= 2α 3μ2a
K − p

= 412 fm−1 ⋅ eV ⋅ a
K − p

( Deser − Goldberger − Baumann − Thirring)

Kaonic hydrogen X-rays

Relation of strong interaction shift and width
to the complex K-p  scattering length

for the determination of the isospin dependent scattering
lengths a0 and a1 the hadronic shift and width of kaonic 
hydrogen and kaonic deuterium are necessary

aK-p = (a0 + a1)/2      aK-n = a1
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electron – positron  collider 

collision energy tuned to
the Φ resonance at 1.02 GeV

electron – positron  collider 

collision energy tuned to
the Φ resonance at 1.02 GeV

DAΦNE @ LNF

SIDDHARTA

DEAR

http://www.oeaw.ac.at/imep/imep/lnfdear.htm
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TMP
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CCD cooling
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K-

Kaonic X-rays with DEAR
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Kaonic nitrogen X-rays

published in :   Phys. Lett. B  593 (2004) 48‐54
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X-ray energy spectrum
with all background
fit-components subtracted

ε1s =  ‐ 193 ± 37 (stat.) ± 6 (syst.) 
eV
Γ1s =    249 ± 111 (stat.) ± 30 (syst.) 
eV

ε1s =  ‐ 193 ± 37 (stat.) ± 6 (syst.) 
eV
Γ1s =    249 ± 111 (stat.) ± 30 (syst.) 
eVAt lowest order:

aK-p= (-0.468 ± 0.090stat± 0.015syst) + 
i (0.302± 0.135stat± 0.036syst) fm

Kaonic hydrogen X-rays
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Comparison with theory
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Precision of the DEAR result
limited by high X‐ray
background (S/B~1:70)
Next step: 
background reduction by
using kaon – X‐ray time 
correlation;
expected background
suppression ~ 3 orders of
magnitude S/B ~ 10:1 for
kaonic hydrogen)

Why SIDDHARTA
CCD (untriggered)
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Goal: High precision X‐ray spectroscopy using
kaonic atoms

improvement on kaonic hydrogen
first measurement of kaonic deuterium
Precise determination of kaonic helium (L‐lines)

New X‐ray detectors SDDs:  JRA in I3HP (FP6)
cooperation of LNF, MPI‐Halbleiterlabor, PNSensor,
Politecnico Milano, IFIN‐HH and SMI
timing capability  background suppression 
by using the kaon ‐ X ray time correlation
excellent energy resolution
high efficiency, large solid angle
compact versatile design

SIDDHARTA
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SDD has small capacitance low noise
Good energy resolution (150 eV @ 6 keV)
comparable with CCD 
and good timing capability (Δt < 0.5 µs)

SDD with JFET

Large Area SDDs
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SDD window frame
(pure Al 99.999%)

flexible Kapton
boards

unit for 2 CDDunit for 2 CDD--chipschips
6 cm6 cm22 active area active area 

pre-amplifier
board

HV+LV distribution
board

cooling
back-plane

SDD – Silicon Drift Detector
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SDD  sub-system
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SIDDHARTA Setup
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SIDDHARTA Setup - Inside
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Alu-grid

Side wall:
Kapton 50 µm

Kaon entrance
Window:
Kapton 50 µm

Working T  22 K
Working P  2.5 bar         

Cryogenic target cell
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Assembly of  SDDs



MESON08 24

Assembly of  SIDDHARTA
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Hamamatsu R4998
pulse rise time ~ 0.7 ns

Scintillator Material
BC420 
(150mm x 50mm x 2.0mm)

- Kaon trigger installed at interaction region
- Kaon trigger used as luminosity monitor

Kaon trigger
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Kaon trigger

Kaons

Mips

April 15, 2008
Kaons/mips ~ 8:1
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Day-One setup
Luminosity monitor12cm2 SDD 

setup

Kaon trigger
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SIDDHARTA  Programme

-500 50000

200

400

600

800

1000

shift ε1s [eV]

D
av

ie
s e

t a
l, 

19
79

Iz
yc

ki
 e

t a
l, 

19
80

B
ird

 e
t a

l, 
19

83

w
id

th
Γ 1s

[e
V

] KpXKpX

DEARDEAR

SIDDHARTASIDDHARTA

Measurement of  strong  interaction induced shift and  
width of kaonic hydrogen with an accuracy of a few eV
and a first measurement of kaonic deuterium.
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MC of kaonic hydrogen
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S:B ~ 1:5
I.L. ~ 400 pb-1

Shift:     ± 10 eV
Width: ± 35 eV

MC of kaonic hydrogen

K-HKα
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SIDDHARTA  result
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Kaonic hydrogen with Day-One BG  conditions
error in shift    ~ ± 10 eV
error in width  ~ ± 35 eV
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Conclusions 
Day-one setup successfully running 

First test of SDDs under beam conditions
background tests performed

Final setup to be installed begin of June
with improved shielding 
under  improved stable beam conditions

Kaonic hydrogen measurement possible

Kaonic deuterium measurement needs 
further improvements
further optimization of the beam optic
improved vacuum condition (to reduce beam gas interaction)
additional shielding 
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