
Catalina Curceanu (Petrascu)

LNF – Giugno 2005



ContenutoContenuto::

1. Il Modello Standard 
2. Com’e’ composto l’Universo? 
3. Il problema della massa
4. Atomi kaonici: cosa impariamo?
5. Dove: acceleratore DAFNE
6. La situazione ad oggi: esperimento DEAR
7. Da DEAR a SIDDHARTA
8. Conclusioni



1. Il 1. Il modellomodello StandardStandard
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Tante domande:

1. Perche 3 famiglie?
2. Da dove proviene la massa?
3. Perche 4 interazioni? (anche se la 
gravita’ non e’ compresa nel MS….)
…………………



2 2 Com’e’ composto l’Universo?
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The history of the 
Universe (as today)







3. Il 3. Il problemaproblema delladella massamassa



Perche i quark hanno massa?
Higgs mechanism

Si studia attraverso lo studio della rottura
della cosiddette simmetria chirale
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mp non e’ uguale a
mu + mu +md

(ci sono contributi dai “sea quarks” e 
dai gluoni)
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• Contenuto di stranezza
del protone



• La rottura della simmetria chirale

• Contenuto di stranezza del protone



Attoraverso lo studio degli atomi
kaonici si puo imparare di piu’ sul
meccanismo di generazione della
masa e anche sulla matteria
nell’Universo



4. 4. AtomiAtomi kaonicikaonici –– cosacosa sisi imparaimpara
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Cascata atomica e 
l’interazione forte
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Il principio del metodo
sperimentale
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Lo scopo dell’esperimento

unauna misuramisura didi precisioneprecisione ((eVeV) ) dellodello spostamentospostamento e e 
dell’alargamentodell’alargamento del del livellolivello 1s 1s nell’nell’idrogenoidrogeno

e e 
nelnel deuteriodeuterio kaonicikaonici

http://www.lnf.infn.it/lnfimages/infoimage.php?id=600


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: Chiral 2003  (Bonn); 
Hadatom03 (Trento); Varenna2004…

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.



5. Dove: a DAFNE5. Dove: a DAFNE



DAΦNE DAΦNE 
@ 2002@ 2002

http://www.lnf.infn.it/esperimenti/dear/KNsetup.JPG


DAΦNEDAΦNE



Dalle collisioni tra elettroni e positroni puo’ essere prodotto il
mesone Φ, che decade immediatamente in altre due particelle, i 

Kaoni K. I due K possono essere entrambi carichi o neutri.
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6. La 6. La situazionesituazione ad ad oggioggi
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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



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
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Kaonic Hydrogen Kaonic Hydrogen (2002 data)(2002 data)-- global fitglobal fit
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Lo spettro di raggi X K-p 



Risultati

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

Width:   Γ1s =     249  ± 111 (stat.) ± 30 (syst.) eV
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7. 7. DaDa DEAR a SIDDHARTADEAR a SIDDHARTA



L’analisiL’analisi KH in DEARKH in DEAR

Il risultato di DEAR:
rappresenta la miglior misura al mondo

MA

Cosa si vuol fare =>



Programma scientifico

# una misura con precisione ~ eV per l’idrogeno
kaonico;

# la prima misura in assoluto del deuterio
kaonico



Nell’ambito di DEAR ?

S/B ~ 1/80

Non si puo andare oltre di molto;

Si deve cercare un’altra strada

La risposta e NO



Utilizzo di nuovi rivelatori (triggerabili)

Scelta del nuovo rivelatore:

-Riproduca tutti I vantaggi delle CCD (efficienza e 
risoluzione in energia); 

-Siano VELOCI ~ 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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Transport of setup Transport of setup 
from DEAR lab to from DEAR lab to 

BTFBTF

oror

highhigh--technology technology 
not always a mustnot always a must



SDD array: 7 x 5 mm2 chips



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



Test of SDD triggering capability
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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

b)       # Trigger ON (~ 16 hours)
# Cu signal visible
# Structured asynchronous backgr.

completely cut;
# Continuous background:

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



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  setupSIDDHARTA  setup
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8. 8. ConclusioniConclusioni



DEAR Results (preliminary)
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DEAR prelim.

The best measurement
performed on Kaonic
Hydrogen up to now



SIDDHARTA plans (from 2007)

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 ?)









"He saw trees, stars, animal
river, the sparkle of dew on bushes in the 
pale; birds sang, bees  hummed, the wind bl
colored and in a thousand different forms, had always been there.
had always shone; the rivers had always 
previous times all this had been nothing to 
before his eyes, regarded wi
from the thoughts, because it was  not reality
the visible.

But now his eyes lingered on this side…" 

(H. Hesse, SIDDHARTA)

s, clouds, rainbows, rocks, weeds, flowers, brook and 
morning, distant high mountains blue and 

ew gently across the rice fields. All this, 
 The sun and moon 

flowed and the bees had hummed, but in 
Siddhartha but a fleeting and illusive veil 

th distrust, comdemned to be disregarded and ostracized 
, because reality lay on the other side of 
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