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COMPASS is a multi-purpose fixed target experiment at CERN’s Super Proton Synchrotron, dedicated to the study of the structure of the nucleon and the spectroscopy of hadrons. The large
acceptance and high resolution two stage spectrometer takes advantage of the availability of a
variety of high intensity beams (muons and hadrons) with momenta up to 300 GeV /c. During
two weeks in 2004 and the years 2008 to 2009, COMPASS has focused on the search for exotic hadronic states in central production and diffractive projectile excitation. 190 GeV /c hadron
beams (mainly p and π − ) were used on different target materials (LH2 , Ni and Pb). Mesonic
resonances with masses up to about 2.5 GeV /c2 are accessible in these production mechanisms at
COMPASS. An overview on the results obtained from PWA and the status of the ongoing analysis
will be given.
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1. Introduction

2. Meson Spectroscopy at COMPASS
The simple SU(3) f lavor constituent quark model provides an amazingly successful description
of the spectrum of light mesons in terms of bound states of quarks q with antiquarks q with the
flavors u, d or s. The states are grouped into multiplets with the quantum numbers J PC , where J is
the total angular momentum, P is the parity and C is the charge conjugation parity. In addition the
isospin I and the G-parity are used to characterize these mesons. In the constituent quark model, the
parity quantum numbers of mesons can be related to the orbital angular momentum L and the total
spin S = 0, 1 of the qq-pairs: (P) = −1L+1 , C = (−1)L+S , G = (−1)I+L+S . Despite the success of
the constituent quark model to describe most of the observed meson spectrum, color singlet states
in QCD can not only be obtained by qq constituent quark pairs, but also in other combinations
between quarks, antiquarks and gluons. Such states, like tetra-quark objects (qqqq), glueballs (gg)
or hybrids (qqg) have been predicted by theory but never unambiguously experimentally proven.
The lowest glueball states 0++ , 2++ and 0−+ are predicted by quenched lattice QCD at masses
accessible at COMPASS, while glueballs with exotic quantum numbers (0+− , 2−+ , 1−+ ) should not
appear below 3 GeV /c2 [10]. Because the lowest glueballs have conventional quantum numbers
with masses in a dense background of conventional qq states, it is difficult to distinguish them from
conventional mesons. One of the significant properties of glueballs is their flavor blind decays,
which might allow for their identifications. For the pure gluonic 0++ state, the phase space corrected branching ratios are expected as follows: Γ(G → ππ : KK : ηη : ηη ′ : η ′ η ′ ) = 3 : 4 : 1 : 0 : 1.
Non-qq-configurations may mix with the ordinary mesonic states. Unfortunately, mixing can significantly alter the properties of the underlying states, which makes their interpretation more difficult. Experimentally the f0 (1500), or, alternatively, the f0 (1710) have been proposed as candidates
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The COMPASS (COmmon Muon and Proton Apparatus for Structure and Spectroscopy) experiment at CERN became operational in 2002. Until 2007, the main interest of the collaboration
was focused on DIS measurements with 160 GeV /c µ + -beams on polarized solid targets in order
to study the spin structure of the nucleon. Longitudinally and transversely polarized Deuterons
(6 LiD, 2002-2006) and Protons (NH3 , 2007) were used as target materials. A variety of results
has been meanwhile obtained covering subjects like the polarized structure function g1 and its first
moment [1, 2, 3], the gluon polarization inside the nucleon [4, 5], production of vector mesons [6],
transverse spin effects [7, 8, 9] or polarization of hyperons. Only a few days of effective data taking
was dedicated in 2004 for hadron beams, when a short pilot run was carried out with 190 GeV /c
negative pions on nuclear targets. Despite the shortness of this run, COMPASS collected a data
sample with sufficiently large statistics to be competitive with earlier experiments. First results
were obtained in the diffractive excitation of pions via the reaction π − N → π − π + π − N. In 2008
and 2009, COMPASS dedicated its beam time completely for hadron spectroscopy in diffractive
scattering and central production. π , K and p with 190 GeV /c were used as beam particles on LH2
and nuclear targets. In the following, I will report on the meson spectroscopy results obtained from
the 2004 pilot run in π − N → π − π + π − N. I also will summarize the status and the perspectives of
the ongoing analysis of 2008 and 2009 data and present first preliminary results.
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3. Experimental Results
During the Hadron Pilot Run in 2004 of only a few days of effective data taking, COMPASS
collected a sufficiently large statistics in order to shed new light on the existence of the π1 (1600)
[25] . A 190 GeV /c π − -beam was used on a 3mm lead target. The trigger was based on a multiplicity increase of charged particles after the target, which allowed selecting events of the type
π − N → π − π + π − N (which corresponds to the diffractive process a + b → c + d with the subsequent decay c → π − π + π − ). For the further analysis only events were used, where t ′ is in the range
of 0.1 (GeV /c)2 < t ′ < 1 (GeV /c)2 . Figure 1(a) shows the invariant mass spectrum between 0.5
and 2.5 GeV /c2 of the corresponding events. The well known resonances a1 (1260), a2 (1320) and
π2 (1670) are clearly visible in the π − π + π − invariant mass spectrum of 420000 events.
A partial wave analysis (PWA) of this data set was performed which is based on the phenomenological isobar model, in which all multiple particle states can be described by sequential
two-body decays into intermediate resonances (isobars). For the π − π + π − -states, the excited state
is thus assumed to decay into a single bachelor pion and a di-pion resonance, which by itself decays
again into π + π − . All known isovector and isoscalar (ππ ) resonances have been included into the
analysis. In total 42 partial waves are considered by the PWA. The waves are characterized by a set
3
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for the scalar glueball, both states having considerable mixing also with the f0 (1370). Other mixing schemes were also proposed [11]. It is essential to reconfirm and complete the experimental
results of the resonances listed above. A good knowledge of their decay properties will be essential for a correct interpretation of their nature. Among others, such resonances (X) can be studied
in COMPASS by using the central production mechanism pp → p f X ps and observing their subsequent decays in ππ , KK, ηη , ηη ′ or η ′ η ′ . Nevertheless, due to the low CM energy, one of
the experimental challenges of COMPASS will be the separation of central production from other
production mechanisms like diffractive dissociation.
The observation of states with exotic quantum numbers, which are not accessible in the simple
constituent quark model (J PC = 0−− , 0+− , 1−+ , ...) would give clear and direct evidence for
the existence of quark-gluon configurations beyond the constituent quark model, as allowed by
QCD. The hybrid with the lowest mass is predicted in some models to have the quantum numbers
J PC = 1−+ and thus will not mix with ordinary mesons [12]. Its mass should be in the range
between 1.3 − 2.2 GeV /c2 , which lies within the COMPASS acceptance. Several experimental
candidates were reported for such a state, the π1 (1400) seen by E852 [13], VES [14] and Crystal
Barrel [15, 16], the π1 (1600) seen by E852 and VES [17, 18, 19, 20, 21, 22, 23, 24] and the
π1 (2000) [22, 24]. The resonant nature of these states, however, is still heavily disputed in the
community [14, 23]. One possibility at COMPASS to search for the production of hybrids is
diffractive dissociation. Diffractive dissociation is a reaction of the type a + b → c + d, where a
is the incoming beam particle, b the target, c is a via Reggeon or Pomeron exchange diffractively
produced object and d is the target recoil particle. The production kinematics is described by
t ′ = |t| − |tmin |, where t = (pa − pc )2 is the square of the four momentum transferred from the
incoming beam to the outgoing system c and |tmin | is the minimum value of |t| which is required
for the production of a mass mc . COMPASS can cover t values ranging from zero up to a few
(GeV /c)2 .
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Figure 1: a) The invariant mass spectrum of the π − π + π − system. b)-d) Intensities of major waves
1++ 0+ ρπ S, 2++ 1+ ρπ D , and 2−+ 0+ f2 π S. The lines represent the result of a mass-dependent fit.

of quantum numbers J PC M ε [isobar]L. Here, M is the absolute value of the spin projection of the
total angular momentum J of the 3 pion system onto the z-axis (of the Gottfried Jackson frame);
ε is the reflectivity which describes the symmetry under a reflection through the production plane
[26]. L is the orbital angular momentum between the isobar and the bachelor pion. For more details
see reference [25].
The results obtained for the mass independent and mass dependent fit of the PWA for the three
most prominent contributing waves are shown in figure 1 (b-d). Figure 2(a) shows the intensity
of the exotic wave 1−+ 1+ ρπ P. In addition to the Breit-Wigner resonance at 1.66 GeV /c2 , which
is represented by the line to the right and can be interpreted as the π1 (1600), the 1−+ wave has
a shoulder at lower masses (left line). This shoulder is described in our PWA by a non-resonant
background, possibly caused by a Deck-like effect [27]. The resonant nature of the 1−+ 1+ ρπ P
wave can be reconfirmed by the motion of its phase relative to other states. Figure 2(c) shows the
phase difference between 2−+ 0+ f2 (980)π S and the exotic wave. No significant change is observed
which can be attributed to the fact that both resonances π1 (1600) and π2 (1670) have similar masses
and widths, causing the relative phase to be almost constant. In contrary as shown by figure 2(b),
the phase difference relative to the 1++ 0+ ρπ S state clearly shows variations around 1.6 GeV /c2 .
Since the a1 (1260) is no longer resonating at this mass, both observations can be regarded as an
independent verification of the resonant origin of the π1 (1600). Nevertheless it is important to
note that a reconfirmation of the existence of that resonance by different final states is essential.
4
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In this context, final states of high interest are ρ − π 0 , ηπ − , η ′ π − , f1 (1285)π and b1 (1235)π .
The observation of a π1 (1600) was already claimed by other experiments in η ′ π − , f1 (1285)π and
b1 (1235)π , but needs still confirmation [28].

4. Present Status of the Analysis of 2008 and 2009 Data and Outlook
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In 2008 and 2009 COMPASS continued data taking for hadron spectroscopy at 190 GeV/c
beam momentum with π − , K − , p, π + beams on LH2 , Pb and Ni targets. The integrated luminosity
was increased by two orders of magnitude compared to 2004. A number of new detectors have
been installed in order to optimize the setup. This includes two CEDAR detectors in the beam line
to identify beam pions or Kaons via Cherenkov radiation, a recoil proton detector consisting of two
concentric rings of scintillators surrounding a 40 cm long liquid hydrogen target, a set of silicon
microstrip detectors cooled to cryogenic temperatures for improved radiation hardness and five
novel GEM detectors with pixel readout for very small area tracking. Electromagnetic calorimetry
was completed and available for the first time for spectroscopy of final states with neutral particles.
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π-p → π-π-π+p
0.1 GeV2/c2 < t’ < 1.0 Gev2/c2
w/o acceptance correction

a1(1260)

(21% of 2008 data)

0.08
π2(1670)

0.06
0.04

4000
3500

a 2(1320)

COMPASS 2008
(10% of 2008 data)

a 1(1260)

π−p → π−π0π0p
no acceptance correction

3000
2500
2000

π 2(1670)

1500

preliminary

1000

0.02

PRELIMINARY

500

0

0

1

2

3
4
5
6
Mass of π−π−π+ System (GeV/c2 )

(a) π − p → π − π + π −

00

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Mass of π−π0π0 System (GeV/c2)

(b) π − p → π − π 0 π 0

Figure 3: Invariant mass spectra for π − p → π − π + π − p and π − p → π − π 0 π 0 p obtained in 2008. Both final
state are dominated by the same major resonances a1 (1260), a2 (1320) and π2 (1670).

While the data analysis is presently still ongoing, a few preliminary results without acceptance
corrections are released for 2008. The purpose of the following plots is to illustrate the quality
5
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Figure 2: a) The intensity of the exotic wave 1−+ 1+ ρπ P as a function of the invariant mass. b) Phase
difference between the 1−+ 1+ ρπ P and the 1++ 0+ ρπ S wave. c) Phase difference between the 1−+ 1+ ρπ P
and the 2−+ 0+ f2 π S wave.
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Figure 5: a) Invariant mass distribution of the γγ system for the exclusive reaction π − p → π − γγ p. b)
Invariant mass distribution of π − η from π − p → π − η p with η decaying into γγ .

of the data for both charged and neutral channels for the new setup. Figure 3(a) and 3(b) shows
the invariant mass spectra for the reactions π − p → π − π + π − p and π − p → π − π 0 π 0 p, respectively.
Roughly 100 million events in the charged final state were collected which corresponds to 5.8 million a2 (1320) candidates. The increase in statistics is about a factor hundred compared to 2004, as
expected. For the final state π − π 0 π 0 roughly 10 million events are expected. The smaller reconstruction efficiency of the neutral channel can be explained in first order by the photon absorption in
the spectrometer and the presently not yet optimized E-Cal reconstruction code. Both distributions
look very similar and are dominated by the same major partial waves 1++ 0+ ρπ S, 2++ 1+ ρπ D ,
and 2−+ 0+ f2 π S. The intensities of these waves as a function of the invariant mass are shown for
both cases in figure 4. Again, the data were not yet acceptance corrected, but reflect the main
properties as seen already by the complete analysis of 2004 data. The relative intensities of the
three dominant waves of π − π + π − and π − π 0 π 0 behave as expected from isospin symmetry. New
precision results regarding the π1 (1600) can be expected from both channels for early 2011, after
a new Monte Carlo description of the setup and the calibration of the electromagnetic calorimeters
will have been finalized. The PWA analysis will have to be tuned taking into account the much
improved precision of the new data.
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Figure 4: a)-c) Intensities of major waves 1++ 0+ ρπ S, 2++ 1+ ρπ D , and 2−+ 0+ f2 π S from the reactions π − p → π − π + π − p (blue) and π − p → π − π 0 π 0 p (red). The data are normalized for comparison to
1++ 0+ ρπ S.
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As already mentioned in chapter 3, the investigation of the final states ηπ − , η ′ π − , f1 (1285)π
and b1 (1235)π with high quality data are of primary importance for an unambiguous proof of a
1−+ hybrid. COMPASS sees very clean signals for exclusive final states with η , η ′ and f1 (1285)
as the isobar and a π − as the bachelor particle . The b1 (1235) is clearly seen. For illustration, the
invariant masses of the γγ and π − η systems of the reaction π − p → π − η p are shown in figure 5.
Again, acceptance corrections, final E-Cal calibrations and the PWA have to be applied before new
results can be presented.
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