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the Bucharest IFIN-HH group, lead by Prof. Valeriu Zoran, joined to the
Prof. Leonid Nemenov’s initiative to have a proposal for an experiment at CERN, aiming
to measure the lifetime of pionium (exotic atom formed by coupling a positive ©* meson
and a negative m~ meson). This proposal has been presented to CERN SPS Committee
CERN/SPSLC 95-1, SPSLC/P284(1995) which recommended (CERN/SPSLC 96-11) the
DIRAC experiment for approval to the Research Board (RB).

RB approved the DIRAC Experiment.

a MEMORANDUM OF UNDERSTANDING has been signed with IFIN-HH,
aiming to design and construct a Preshower Detector. The main goal of this detector is
to separate pion and electron signals as to have a better chance to identify pion pairs
from pionium breakup.

the Preshower Detector was realized and installed in East Hall, T8 beam
line. It has been used for 7z*z hadronic atom study along with DIRAC setup.

has been presented to CERN SPS Committee (CERN/SPSLC 2004-020) a
new proposal to extend the study of hadronic atoms to the zK atom.

the CERN Research Board (CERN/DG/ Research Board 2004-363)
approved continuation of the DIRAC Experiment.

the New Preshower Detector was realized and installed at CERN.

Now it is ready for data taking for new hadronic atom studies.




DALY
(QCD) is the general accepted strong interaction
theory. It has successfully been tested only in the perturbative region of high

momentum transfer (Q>2 GeV) or equally, at short relative distance Ax ~ h/Q
(Ax<0.1fm). But it has not appropriate answers for non-perturbative processes.

(ChPT), the non-perturbative candidate of QCD, is
replacing the QCD quark degrees of freedom by the pion ones.
By measuring Pionium lifetime, DIRAC will determine in a model-
Independent way the difference |a,-a,| between the S-wave nr scattering

lengths a, and a,. ChPT predicts the scattering lengths with high accuracy
~2%. Therefore such a measurement will be a sensitive check in

understanding of QCD, giving an indication about
the size of the quark condensate - an order parameter of QCD.
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High energies gave us a picture about structure of the matter,
and so they answered to the question WHAT IS THERE ?
DIRAC tries to answer to another question: HOW IT WORKS ?




DIRAGETETHoY

- In the absence of strong interaction between " and 1 - there exist the
Coulomb bound states

momentum: k =ik =i/(na,)
energy: E :—Kj /(2m.) =—m,,052 /2n°)

- In the presence of strong interactions, the energies will be shifted.
The real part of the energy shift AE,: Re(AE,)— level shift

The imaginary part of the energy shift: —2Im(AE,)=T, - decay width
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24 GeV/c

Target Ni 95 n

DIRAC setup must to detect oppositely charged pion pairs of low relative
C.M. momenta , with high resolution , in the momentum
range , using a magnetic double arm spectrometer.
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electron rejection
pion loss

cut N,-n,/ N_ N.-n/N,
(channel) (m loss) (%) (e rejec) (%)
100 4.81 84 .4

100 7.04 96.2
150 6.84 96.4

150 8.44 97.9
150 9.76 98.5
150 10.7 98.9
150 11.7 98.9
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FIRST MEASUREMENT OF THE 7' 777 ATOM LIFETIME

B.Adeva, ..., G.Caragheorgheopol, S.Constantinescu, M.lliescu,

M.Pentia, C.Petrascu, T.Ponta, D.Pop, et al.

Published in Phys.Lett.B619:50-60,2005

1 % i
r:r—0=[2.91_3f6‘§]x1o 15

+OO33 —1
‘a —a ‘—O 2647, om

Confirmation of the ChPT predictions (G.Colangelo,
J.Gasser, H.Leutwyler, Nucl. Phys. B603 (2001) 125)

a’ —a’ =0.265+0.004
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1. Monte — Carlo for the new detector design
2. The new detector at CERN —
proton synchrotron (East Hall)
3. The new Preshower Detector with the 24 GeV proton beam
4. The for all 40 detector elements:
 Pedestal level
« Signal amplification
« Signal attenuation
« Signal delay
5. The new PSh characteristics:
« Jlarger 2 x 3500 mm x 750 mm
. in the kaon region
* increased > 99.6%
* higher In the kaon region: by 2 times
« Jlarger 40 signal channels

6. PSh detector has been prepared, installed and tested within DIRAC setup
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 Data taking in 2008 and 2009 will allow us to measure the
and to obtain the first evaluation of the scattering length combination

 The measurement of the checks the
SU(2),x SU(2)r symmetry breaking of QCD ( , quarks).
* The measurement of the would test the chiral

SU(3),x SU(3)r symmetry breaking of QCD ( , and quarks).
* In 2009 we are planning to present an Addendum to the DIRAC experiment with

the aim to observe the in 2010.
 Further data taking in 2011 will allow us to obtain experimentally the
In this atom.

* The measurement of AE,, ,, allows determining in a model-independent way
the combination of :

* Together with the measurement, and  will then be
determined separately.

* The method of the Lamb shift measurement use only the theory of the Stark effect
and does not have the systematic errors known from the lifetime measurement.

» This experiment can be performed with the existing setup without change neither
of detectors nor electronics.




DIRAS today and svmurry s

Present low-energy OCD predictions for zz and K scattering lengths

oa,=2.3% oa, =2.3% S6(a,—a,)=1.5% will be improved by Lattice calculations
5(611/2 — a3/2) =10% will be significantly improved by ChPT calculations

Expected results of DIRAC ADDENDUM at PS CERN after 2008-2009
—> o0(a, —a,)=12%(stat) £ 1% (syst) £ 1% (theor)
—>o(a,, —a,,)=t10%(stat) t.......... +1.5% (theor)

2010-2011 Observation of metastable t"n~ atoms and estimation its Lamb shift

Study of the possibility to observe K"K~ and,ziﬂ$ atoms using 2008-2009 data.

DIRAC at CERN beyond 2011

The number of detected ' atoms will be 15 times higher than the one at 24GeV,
The number of K* atoms 25 times and the number of K'rr* atoms 32 times higher.

— 0(a, —a,) =£0.5%(stat) = 0(ay, —ay,) = +2.5%(stat)

—0(2a, +a,) = £2.5%(stat) —0(2a,, + a,,)
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7w Scattering Amplitude

1

0)= -P(cos@)= 2/ +1 P (coséd
£(0)= 311 P(c0s0) = T (21 1) (coso)

Low energy — S-wave scattering length a,

| sin o,

= ;. a,=lim f zlim( Oj

J k coto, —ik D0 ksl g

Effective range theory: £ cot o, = —i+%rok2 +IP
d

Bound state if E<0 then k=ix, where x = \-—2mE

specified by the presence of a pole along
the positive imaginary axis, i.e. for x > 0
under the analytic continuation &£ — ix

1 1 1 1

2 . 2
——+—1k" ik >————1k"+x=0
a, 2 a, 2 N
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The most precise predictions of ChPT (G.Colangelo, J.Gasser, H.Leutwyler, Nucl.
Phys. B603 (2001) 125) have been achieved for the s-wave scattering lengths (in
m_-" units):

a, =0.220%0.005,
a, =-0.04441£0.0010,
a,—a, =0.265%0.004

These values will be compared with those determined in the decay of the

pionium (atom TC+TC').
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