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The DIRAC experiment at CERN (PS212) is mea-
suring the lifetime of electromagnetically bound
π+π−- or π∓K±-pairs (ππ-atoms or pionium, and
πK-atoms). Results for ππ-atoms have been pub-
lished earlier by the DIRAC-I collaboration [1].
The final result for the mean life [2] is 3.15 ± 0.20
(stat) ± 0.19 (syst) fs which leads to the determi-
nation of the difference in the isospin 0 and 2 ππ-
scattering lengths with a precision of 4%, namely
|a0 − a2| = 0.2533 ± 0.0079 (stat) ±0.0075 (syst)
m−1
π , in agreement with results obtained from K-

decay into 3π [3] and K-decay into 2πeν [4].

We are mainly involved in the study of πK-atoms
(DIRAC-II experiment) for which we developed
and built the aerogel Čerenkov counters to distin-
guish pions from kaons. The mean life of the πK-
atom is related to the isospin 1/2 and 3/2 πK scat-
tering lengths (a1/2 and a3/2) or, more precisely, to
the absolute value of the difference between the two
scattering lengths, a quantity that was calculated
within 5% from Roy-Steiner dispersion-relations
[5]. A measurement of the mean life will test low-
energy QCD concepts involving the u- and d-quarks
for ππ, and extending to the s-quark sector for πK.
The expected mean life of πK-atoms is 3.7 fs with
large uncertainty [6].

Details on the apparatus can be found in Ref.
[7] and in previous annual reports. We use the
24 GeV/c proton beam from the PS which tra-
verses a thin Pt- (or Ni-) target. The secondary
particles emerging from the target in the forward
direction are analyzed in a double-arm magnetic
spectro-meter. Electrons and positrons are vetoed

by N2-Čerenkov detectors and muons by scintilla-
tion counters behind thick absorbers. Kaons are
separated from pions and protons by heavy gas
(C4F10) Čerenkov counters (which fire on pions)
and by an aerogel Čerenkov counters (which fires
on both pions and kaons, but not not on the more
numerous protons). Our group has developed and
built the 37` aerogel Čerenkov counter [8] and the
gas system for the C4F10 counters [9]. The aerogel
detector consists of three independent modules.
Two of them have refractive index n = 1.015 and
are used for kaons between 4 and 5.5 GeV/c. At
small angles with respect to the primary beam
axis the momenta increases up to 8 GeV/c and
hence an aerogel counter with lower refractive in-
dex (n = 1.008) is used to suppress fast protons.

Fig. 8.1 – The DIRAC experiment. The black box
on the left houses the aerogel counters. The yellow
boxes are the heavy gas counters. The blue boxes
contain the N2 counters. The photomultipliers in
the back belong to the detectors rejecting muons.
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Fig. 8.2 – Production mechanisms of πK-pairs: a) accidental-pairs from two protons; b) non-Coulomb-pairs
from long-lived intermediate states such as the η-meson; c) Coulomb-pairs from direct production or from
short-lived intermediate states; d) πK-atoms.

A photograph of the equipment downstream of the
dipole magnet is shown in Fig. 8.1.

Figure 8.2 shows the four mechanisms which con-
tribute to the production of π±K∓-pairs. Briefly,
πK- (or ππ-) atoms produced by incident protons
fly in the forward direction and are ionized while
crossing the target, leading to a peak from “atomic”
pairs at very small relative momenta between the
two particles (typically < 3 MeV/c in the c.m.s
system). Since ionization competes with other pro-
cesses such as annihilation, the number of atomic
pairs grows with increasing lifetime. Unbound πK-
pairs (“Coulomb-pairs”) which interact electromag-
netically are also produced and their numbers are
related to the number of atoms [10]. The back-
ground stems from non-Coulomb pairs due to K

and π mesons from long-lived resonances (which
therefore do not interact), and from accidentals
(pairs produced by two different proton interac-
tions).

The DIRAC collaboration observed πK-atoms for
the first time with the data collected in 2007 [11].
This result led to a lower limit for the mean life
of πK-atoms of 0.8 fs in the 1s-state, which could
be translated into an upper limit of |a1/2− a3/2| <
0.58 m−1

π . Details can be found in Ref. [11–13].

For the 2007 data we had used only the detectors
downstream of the magnet. Three main improve-
ments were implemented for the 2008 – 2010 runs.
A scintillation fibre detector (SFD, described be-
low) and microdrift chambers are now available to
determine the interaction point in the production
target with better precision. The SFD measures
tracks with good resolution (σ = 60 µm), high
efficiency (98%) and improves the resolution on

the transverse momentum QT from 3 MeV/c to 1
MeV/c, which reduces the background by typically
a factor of four. ADC’s for the aerogel detectors
were also not available in the 2007 runs while this
information is now recorded and, accordingly, the
detection efficiency for kaons with the aerogel and
the contamination from protons can be calculated
reliably. The detection efficiency for kaons is typ-
ically 95% above 5 GeV/c and the contamination
from protons around 5%, except for high energy
protons close to the beam axis for which the proton
contamination rises significantly. However, simula-
tion shows that even a contamination of 100% is
not problematic since no enhancement is observed
for protons at small relative longitudinal momenta.

Finally, in 2007 the main goal was the observa-
tion of πK-atoms and hence a platinum target was
chosen for which the production cross section was
high. However, for platinum the breakup proba-
bility as a function of mean life (53% for 3.7 fs) is
flattening off above ∼ 4 fs and hence we could only
give a lower limit for the mean life. We now use
a nickel target for which the dependence between
breakup probability and mean life is described by
a steeper function, although atoms are produced
with a lower cross section.
During 2010 we tuned the Monte Carlo simu-
lation of the scintillation fibre detector (SFD).
A sketch of the detector is shown in Fig. 8.3.
The detector consists of 3 planes (x, y, and
w) of scintillating fibres (diameter 205 µm).
The x- and y-planes are made of 8 layers
each with 480 fibres while the w-planes contain 3
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Fig. 8.3 – Layout of the scintillating fibre detector.

Fig. 8.4 – The scintillating fibre detector.

Fig. 8.5 – Hit multiplicity in the SFD x plane.

layers of 320 fibres. The fibres are read out in
columns of 8, respectively 3 fibres by 30 × 16
Hamamatsu H6568 photomultipliers. The area
covered by each plane is about 10 × 10 cm2 and
contributes only 1% radiation length. The timing
resolution is 460 ps. A photograph of the detector
is shown in Fig. 8.4.

We now illustrate the performance of the SFD us-
ing π+π− data which are more abundant than
πK data. The x-plane of the SFD detector was
equipped with new readout electronics featuring
both TDC’s and ADC’s. An important software
tool was developed using the ADC information,
the peak sensing algorithm, which compares the
signal amplitudes for neighbouring hits to reduce
background. Figure 8.5 compares the measured
hit multiplicity with simulation after having ap-
plied the peak sensing algorithm. Figure 8.6 shows
the distribution of the distance between two tracks
measured by the SFD x-plane. In both plots
good agreement between data and simulation is ob-
served.

In 2010 we also proceeded with the analysis of the
2008 –2009 data with the upstream detectors, se-
lecting πK events as cleanly as possible. The SFD
detector and the nearby ionization hodoscope are
used to resolve double tracks. Drift chamber (DC)
tracking is performed and only upstream tracks
that have hits in the SFD are kept. The distance
between the DC extrapolation at the SFD plane
and the actual SFD hit has to be smaller than
1 cm. Particle identification using the heavy gas
Cerenkov and aereogel detectors is then performed
and a precise timing between the two tracks is re-
quired. The relative transverse momentum is re-
quired to be smaller than QT = 4 MeV/c, the
relative longitudinal momentum less than |QL| =
20 MeV/c. Figure 8.7 shows the experimental
π+K− and π−K+ distributions with fit results su-
perimposed. The fit includes atomic pairs (red),
Coulomb pairs (blue) and non-Coulomb pairs (ma-
genta). The sum of Coulomb and non-Coulomb
pairs is shown in black.

A method to measure the energy difference
∆Eninside between the pionium np- and ns-states
was proposed as follows [14]. When moving inside
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Fig. 8.6 – Distribution of the distance between the
π+ and π− tracks in the x-plane of the SFD. The
measured data are shown in red, the simulation in
blue.

Fig. 8.7 – Distributions of longitudinal relative mo-
mentum QL for the 2008 and 2009 data. Top:
π+K−; bottom: π−K+. The measured data are
shown by the histograms with error bars; the other
histograms are described in the text. The analysis
of the π−K+ data from 2009 is in progress.

the target, the atoms interact with an applied elec-
tric field. Some of them leave the target in the 2p-
state. The decay into π0π0 being forbidden from
p-states the main decay process is 2p − 1s radia-
tive transition with subsequent annihilation from
1s into π0π0. Thus, the mean life of the atom in
the 2p-state is determined by radiative transition,
τ(2p) ' 12 ps [10], which is much slower than anni-
hilation from ns-states. One can then measure the
energy difference ∆En by observing the field de-
pendence of the decay rate in the applied electric
field. This determines the combination 2a0 + a2

of the ππ-scattering lengths. Combining with our
measurement from the 1s-state we will be able to
derive a0 and a2 separately. This method can also
be applied to the πK-system to obtain a1/2 and
a3/2 separately.

During summer 2010 DIRAC took data with ex-
cellent detector performance and stable beam from
the PS accelerator. DIRAC has been approved to
run at least until the end of 2011. More data on
πK-atoms will be collected in 2011 together with
measurements of the energy difference between the
ns and np states of pionium.
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