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The scientific aim

the determination of the isospin dependent 
KN scattering lengths through a 

~ ~ eVeV measurement of the shiftmeasurement of the shift
and   

of the width

of the Kα line of kaonic hydrogen

and

the first (similar) measurementfirst (similar) measurement of kaonic deuterium
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Kaonic cascade and the 
strong interaction
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2. The  DEAR/SIDDHARTA2. The  DEAR/SIDDHARTA
Scientific  Scientific  ProgrammeProgramme

((MonteporzioMonteporzio))



How to obtain the scattering lengthsHow to obtain the scattering lengths

Once the shift and widthshift and width of the 1s level for kaonic hydrogen and
deuterium are measured, with the Deser formulae (neglecting
isospin breaking corrections):

ε + i Γ/2 = 412 aK-p eV fm-1

ε + i Γ/2 = 602 aK-d eV fm-1

one can obtain the isospin dependent  antikaon-nucleon 
scattering lengths

aK-p = (a0 + a1)/2
aK-n = a1



DEAR/SIDSDHARTA  Scientific programDEAR/SIDSDHARTA  Scientific program
Measuring the KN scattering lengths with the precision of a few percent 
will drastically change the present status of low-energy KN 
phenomenology and also provide a clear assessment of the SU(3) chiral 
effective Lagrangian approach to low energy hadron interactions.

1. Breakthrough in the low-energy KN phenomenology;

2. Threshold amplitude in QCD

3. Determination of the KN sigma terms, which give the 
degree of chiral symmetry breaking;

4.     Determination of the strangeness content of the nucleon
from the KN sigma terms.



Meson-nucleon sigma terms

• Sigma terms are directly connected with 
the symmetry breaking part of the strong 
interaction Hamiltonian

• Sigma terms measure the nucleon mass 
shift away from the chiral limit (mq=0),
therefore parameterizing the explicit 
breaking of chiral symmetry in QCD due 
to the non-zero quark masses.



Meson-nucleon sigma terms and 
chiral symmetry breaking

• Definition:

Ma(q) + N(p) → Mb(q') + N(p')

><= pHQQpi SBab
ba
N |]],[,[| 55σ

a, b SU(3) indices of the meson

Qa,b axial vector charge 

HSB chiral symmetry breaking part
of the strong-interaction Hamiltonian
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• HSB symmetry breaking Hamiltonian:
quark mass term of the strong-interaction Hamiltonian

by isospin invariance

H0 preserves SU(3) symmetry, H8 breaks it

• KN and πN sigma terms:
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Meson-nucleon sigma terms

• Relation to amplitude:
The sigma terms can be related to the meson-nucleon scattering amplitude

T(ν,t,q2,q'2)
in the soft meson limit 
ν = (s-u)/2M = 0     t = 0       q2,q'2 → 0
s = (q+p)2 t = (q-q’)2 u = (q-p’)2

Use of low-energy theorem 
and dispersion relations

fa,b meson decay constants

),0,0,0,0(baba
ba
N Tff−=σ



The low-energy theorems relate the symmetry breaking part of 
the total Hamiltonian to the scattering amplitude of massless
particles: they would become exact in the limit where 
pseudoscalar masses vanish. 

Therefore, more important tests of theories of chiral symmetry 
breaking come from studying low-energy theorems of meson-
nucleon scattering, which just represent the “corrections” for 
the real world to the exact relations valid for massless particles.

In practice, this means calculating the

meson-nucleon sigma terms

Low-energy theorems



Phenomenological determination of the 
sigma terms

The calculation of the σ-terms from the scattering data 
requires an elaborate procedure.

The problem is that the σ-term is not an observable. One has 
to introduce an “experimental” sigma term ΣMN which can 
be related to the experimental meson-nucleon amplitudes.

This can be done in a favored point of the (t,ν) plane, the so-
called Cheng-Dashen point ( t = 2µ2, ν = 0), by using 
dispersion relations.

The last step consists in calculating Σ in the zero momentum 
point,  where the σ-term is defined.



Phenomenological determination of the sigma 
terms



• Fraction of strangeness content in proton

• Strangeness content in the proton from KN and πN sigma
terms:
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Breakthrough in 
low-energy KN phenomenology

One order of magnitude in the 
precision of the K-p scattering length

Possibility of discriminating
theoretical approaches and methods of 
analysis

The impact of the DEAR results (1)



The impact of the DEAR results (2)

Presently only estimates exists of KN sigma terms.

A measurement of KN scattering lengths at the 

percent level would enable the determination of the 

KN sigma terms with a precision of aboutprecision of about 20%20% or 

less.



3. DA3. DAΦΦNE Collider NE Collider 
((MontecompatriMontecompatri))



DADAΦΦNE at LNF (1)NE at LNF (1)



DADAΦΦNE at LNF (2)NE at LNF (2)



DAF NE DAF NE 
@ 2002@ 2002



DAF NEDAF NE



DAF NEDAF NE

• Number of bunches per beam 95 + 95

• Total current per beam e-/e+ (A) ˜ 1.3/1

• Peak luminosity(cm -2 s -1 ) 0.7 x10 32

• Average luminosity (cm -2 s -1 ) ˜ 2 x10 31

• Integrated luminosity per day (pb -1 ) 2.2 (best)

• Luminosity lifetime (h) ˜ 0.6

• Number of fillings per hour ˜ 1.7

• Injection frequency e-/e+ (Hz) 2/1

• Data acquisition during injection off

Total integrated luminosity in 2002 about 70 pbTotal integrated luminosity in 2002 about 70 pb--11

Performances obtained in Performances obtained in 
2002 in the DEAR I.P.2002 in the DEAR I.P.



4. The DEAR setup4. The DEAR setup
((NemiNemi))



APD Cryo Cooler

Varian Turbo Molecular Pump

CryoTiger, CCD Cooling

CCD Electronics

Vacuum Chamber

Hydrogen Target Cell

CCD Pre-Amplifier Boards

Cooling Lines

CCD55-Chip (total of 16 chips)

DEAR DEAR 
Cryogenic setupCryogenic setup

Kaons from DAΦNE
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DEAR Cryogenic Target CellDEAR Cryogenic Target Cell



CCD mounting,
cryogenics and

on-cell electronics

- fiber-glass frames

- cooling system mounted 
on the top 

- minimized Al cold 
finger (behind CCDs)

- reduced diameter of 
the socket group and, 
consequently, of the 
vacuum chamber



DEAR on DADEAR on DAΦΦNENE



5. Kaonic nitrogen results5. Kaonic nitrogen results
((CastelCastel GandolfoGandolfo))



Objectives of kaonic nitrogen Objectives of kaonic nitrogen 
measurementmeasurement

# First exotic atom measurement at DAΦNE -> 2001

# Optimization of the kaon stopping point distribution
(i.e. degrader shaping)  and background reduction

# KN Physics: - yield measurements (exotic atom cascade)
- test of a future precision measurement of the
charged kaon mass



October – December 2002  DAQ
set of “good quality” data

Collected data:

-Kaonic Nitrogen:
6 – 28 October (about 17 pb-1 – 10 pb-1 in stable conditions

selected for analysis);

-Kaonic Hydrogen:
30 October – 16 December: about 60 pb-1

-Background data (no collisions) for KH:
16 – 23 December



Kaonic Nitrogen, 2001, ~ 3 pbKaonic Nitrogen, 2001, ~ 3 pb--11

Background subtracted spectrumBackground subtracted spectrum
Kaonic Nitrogen, 10 pbKaonic Nitrogen, 10 pb--1 1 (October 2002)(October 2002)
Background subtracted spectrumBackground subtracted spectrum

Kaonic NitrogenKaonic Nitrogen



Kaonic Nitrogen PhysicsKaonic Nitrogen Physics

• First determination of the yield of 3 Kaonic Nitrogen X-ray 
transitions:

7 à 6  (41.5 +/- 8.7 +/- 4.1)%         stimulated activity in the 
6 à 5  (55.0 +/- 3.9 +/- 5.5)%         the field of atomic
5 à 4  ( 57.4 +/- 15.2 +/- 5.7)% cascade for exotic atoms

• Mass of the kaon – as a test measurement:

mK- = 493.884 +/- 0.314 MeV

(Ph. D. thesis, Tomo Ishiwatari,
Phys. Lett. B593 (2004) 48)



6. Kaonic hydrogen6. Kaonic hydrogen
((GenzanoGenzano))



October – December 2002  DAQ
set of “good quality” data

Collected data:

-Kaonic Nitrogen:
6 – 28 October (about 17 pb-1 – 10 pb-1 in stable conditions);

-Kaonic Hydrogen:
30 October – 16 December: about 60 pb-1

-Background data (no collisions) for KH:
16 – 23 December



Kaonic hydrogen and background spectraKaonic hydrogen and background spectra
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Kaonic Hydrogen spectrum after continuous Kaonic Hydrogen spectrum after continuous 

background subtractionbackground subtraction
Structured background spectrum after continuous Structured background spectrum after continuous 

background subtractionbackground subtraction



“K-p-alone“ Spectrum
(all background fit-components subtracted)



Results on the Shift and Width

Shift:     ε1s =  - 194  ± 37 (stat.) ± 6  (syst.) eV

Width:   Γ1s =     249  ± 111 (stat.) ± 30 (syst.) eV

aK-p =  – 0.466 (± 0.104) + i 0.299 (± 0.174) fm 
(no isospin breaking corrections)

Sent to Phys.Rev.Lett.



DEAR Results on kaonic hydrogen
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7. From DEAR to SIDDHARTA7. From DEAR to SIDDHARTA
((GrottaferrataGrottaferrata))



Conclusions to the KH analysisConclusions to the KH analysis

The obtained DEAR result:
represents indeed the best measurement performed on 
Kaonic Hydrogen up to now

BUT

what we are aiming for is =>



Next Steps of the Scientific Program 

# few eV precision measurement of kaonic hydrogenkaonic hydrogen 1s 
level shift;

# first measurement of kaonic deuteriumkaonic deuterium

in order to determine the isospin dependent in order to determine the isospin dependent antikaonantikaon

nucleon scattering lengths at percent level precisionnucleon scattering lengths at percent level precision



In the DEAR framework ?

S/B ~ 1/80

no space left for important background reduction;

To proceed: a careful study of the background sources 
to learn how to reduce them

The answer is NO
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Background sources in the kaonic atom 
measurement on DAΦNE

Event signal:

Definition: Soft X-ray transitions (1-15 keV) between levels of target gas atoms where a kaon from 
φ-decay is stopped in an atomic orbit

Synchronous background

Definition: Particles produced synchronous with the primary kaon, hitting the detector with energy 
in the region of interest

Specifically: Secondary particles created by the primary kaons absorbed by the setup materials, via 
associated hyperon production and decay:

K-p -> πY; π = π+/-, π0; Y=Σ+/-, Σ0, Λ; Σ+/- -> Nπ, Σ0 -> Λγ

In particular: Low-energy X rays (~ keV) final products of the e.m. cascades initiated by high-
energy γ−rays (> 100 MeV), coming from π0s directly produced together with hyperon or from 
hyperon decay

Other high-energy γs come from φ-decay channels like: π+π−π0, ρπ, εγ and subsequent π0-decay.

The synchronous background cannot, in principle, be suppressed.



Background sources in the kaonic atom 
measurement on DAΦNE

Asynchronous background
Definition: Particles not correlated with the event signal, hitting the detector with deposited energy 
in the region of interest

Nature: Products of the e.m. cascades originated in the beam pipe and in the setup materials by the 
particles lost from the circulating electron and positron beams, due mainly to:
-Touschek effect;
-Dynamic aperture of the machine (intrinsical component);
-Beam-beam dynamics (non-linear component);
--Beam-gas interaction 

Other sources of asynchronous background:
-synchrotron light;
-Bhabha scattering;
-Radiative Bhabha scattering;
-Beam-beam bremsstrahlung

The latter  give a negligible contribution (orders of magnitude) with respect to the four above 
background sources.

-Cosmic Rays and Radiation from volcanic rocks of Castelli Romani

The asynchronous background can be suppressed = > trigger ->



Use of triggerable device

Choice of the detector based on criteria:

-preserve good features of CCDs (efficiency, resolution);

-offer a timing ~ 1 µs – trigger

=>  Silicon Drift Detector



The Silicon Drift Detector with on-chip JFET

JFET integrated on the detector
• capacitive ‘matching’: Cgate = Cdetector
• minimization of the parasitic capacitances
• reduction of the microphonic noise
• simple solution for the connection detector-electronics in monolithic arrays

of several units
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8. Preliminary SDD tests8. Preliminary SDD tests
((RoccaRocca didi Papa)Papa)



Beam Test Facility tests ofBeam Test Facility tests of
an array of 7 x 5 mman array of 7 x 5 mm2 2 

SDD chipsSDD chips



SDD array: 7 x 5 mm2 chips



Mounting of the Mounting of the 
SDD test setup in SDD test setup in 

the BTF areathe BTF area



Test setup mounted at BTF

SDD array: 7 x 5 mm2 chips

Fluorescence X- rays

Scintillator

e- beam
from BTF Selected materials

Pb slab  e.m. shower

Sr90

Fe55



The test setup installed at BTF with the two sources (Fe and Sr) to 
generate asynchronous background



Measurements performed at BTF
with an array of 7 x 5 mm2 chips

-Energy resolution

-Stability of energy calibration

-Linearity

-Test of triggering capability



Incident rate: 60 Hz on 7 channels => 8.5 Hz/channel
a) #  Trigger OFF (16 hours.)

# Cu signal visible;
#  No asynchronous backgr (55Fe and 
90Sr)
# Continuous background:

- synchronous from primary beam
# 5 Hz

b)      #  Trigger OFF (20 min.)
# Cu signal embedded in backc.
# Structured asynchronous backgr:

- Mn Ka and Kb from 55 Fe
# Continuous background:

- synchronous from primary beam
- asynchronous from 90 Sr source

# 60 Hz

c)       # Trigger ON, 1 µs (~ 16 hours)
# Cu signal visible
# Structured asynchronous backgr.

completely cut;
# Continuous background:

- synchronous from primary beam
# 5 Hz – as a)



Incident rate: 1000 Hz on 7 channels => 142 Hz/channel

a) #  Trigger OFF (18 min.)
# Cu signal embedded in backc.
# Structured asynchronous backgr:

- Mn Ka and Kb from 55 Fe
- Ni Ka and Kb excited from Sr90

# Continuous background:
- synchronous from primary beam
- asynchronous from 90 Sr source
# 1000 Hz

b)       # Trigger ON 1µs (~ 13 hours)
# Cu signal visible
# Structured asynchronous backgr.

completely cut;
# Continuous background:

- synchronous from primary beam
# 5 Hz 



Background reduction with triggered 
acquisition for SIDDHARTA setup

(asynchronous background)

ρ =number of detected kaons per detected X-ray = 0.5 x 103

Br=background rate = 103 events/s

Tw=sinchronization window

Tw = ρ x τ drift max = 0.5 x 103 x 1 µs = 0.5ms

B = Br x Tw = 103 s-1 x 0.5 x 10-3 s = 0.5

S/B = 2/1    -> on all energy range =>

S/B < 20/1 (extrapolating to interested energy region 
taking into account DEAR results)



Test of the 30 mm2 SDD (2004)

CurrentVoltageelectrode

400µA+12 VDrain
-gndIS,OS

20.9µA- 178 VR#N
<0.1µA- 91 VBack
0.5µA- 18 VIGR
20.8µA- 10 VR#1

Detector biasing parameters
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Synchronous background

Studied via MCarlo



9. SIDDHARTA preliminary 9. SIDDHARTA preliminary 
setup and Monte Carlo setup and Monte Carlo 

simulationssimulations
((AlbanoAlbano))



Beam pipe

Cryogenic target cell

SDDs (216 cm2 for 
φpipe = 5 cm)

Kaon monitor

SIDDHARTA setup: 3DSIDDHARTA setup: 3D-- view, version 1view, version 1



beam pipe
and kaon trigger

vacuum chamber

feed-throughs for
SDD electronics

port for
SDD cooling

target
cooling line

SDD pre-amplifier
electronics

SDD detector 
chip

target cell

lead table

SIDDHARTA  setup version 2SIDDHARTA  setup version 2



cooling target cell

beam pipe

pre-amplifier
and voltage
supply boards

SDD cryogenic
mounting device

SIDDHARTA  setup version 2SIDDHARTA  setup version 2



SIDDHARTA Kaonic hydrogen simulated spectrum

Precision on shift ~1 eV

~100 pb-1

S/B = 5/1



SIDDHARTA Kaonic deuterium simulated spectrum

Precision on shift < 10 eV

300 pb-1

S/B = 1/4



10. Conclusions10. Conclusions
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SIDDHARTA future plans

1) ~ eV level precision measurement of kaonic hydrogen;

2) first measurement of  kaonic deuterium 

3) Kaonic helium measurement (“kaonic helium puzzle” and
implications on deeply bound kaonic nuclear states); 

4) Kaon mass precision measurement at the level of 10 keV

5) Other light kaonic atoms measurement (Li, Be…);

6)  Investigate the possibility of the measurement of other
types of hadronic exotic atoms (sigmonic hydrogen ?)



SDD layout – readout side

sensitive area

3 x 100 mm²

chip size: 34 x 14 mm²

integrated temperature sensors



2005:2005:

-- Characterization of large area Characterization of large area SDDsSDDs;;

-- End of frontEnd of front--end electronics production;end electronics production;

-- End of data acquisition production;End of data acquisition production;

-- Finish  and test of the experimental setup: Finish  and test of the experimental setup: 
mechanics, cryogenics, vacuum;mechanics, cryogenics, vacuum;

-- SlowSlow--controls system ;controls system ;

-- Assembly of the setup and tests on BTFAssembly of the setup and tests on BTF



SDD-ceramic, bonding
Test on dummy
January  2005



2006:2006:

-- AssembyAssemby of the SDD large area detectors in the of the SDD large area detectors in the 
setup;setup;

-- Assembly of the final setup on DAAssembly of the final setup on DAΦΦNE;NE;

-- Tests on DATests on DAΦΦNE;NE;

-- Install on DAInstall on DAΦΦNENE



"He saw trees, stars, animals, clouds, rainbows, rocks, weeds, flowers, brook and 
river, the sparkle of dew on bushes in the morning, distant high mountains blue and 
pale; birds sang, bees  hummed, the wind blew gently across the rice fields. All this, 
colored and in a thousand different forms, had always been there. The sun and moon 
had always shone; the rivers had always flowed and the bees had hummed, but in 
previous times all this had been nothing to Siddharta but a fleeting and illusive veil 
before his eyes, regarded with distrust, comdemned to be disregarded and ostracized 
from the thoughts, because it was  not reality, because reality lay on the other side of 
the visible.

But now his eyes lingered on this side…" 

(H. Hesse, SIDDHARTA)


