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Hadron program at COMPASS *
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Abstract The fixed target COMPASS experiment at CERN offers the opportunity to search for exotic mesons

and glueball candidates in the light quark sector with unprecedented statistics. Preliminary results from the

2008 data taken with an incoming negative hadron beam (190 GeV/c, mainly pions) on a liquid hydrogen target

are presented. New detectors dedicated to hadron beam measurements have been added. These give access

to rare neutral and kaonic channels. An amplitude analysis which will allow to fit simultaneously diffractively

and/or centrally produced resonances will be described and compared with those used in the CERN WA102

and BNL E852 experiments.
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1 Introduction

Our present understanding of the light meson

spectrum includes the coexistence of light glueballs,

hybrids and multiquark states in the same mass

range of conventional light qq̄ mesons. Different types

of reactions are believed to enhance the production

mechanism of these states. Candidate hybrid states

(qq̄g) with exotic quantum numbers, i.e. π(1400)

and π(1600) which cannot be associated to ordinary

mesons, were seen as diffractively excited states in

the E852 end VES experiments. In addition, π(1400)

was also seen in proton-antiproton annihilation in the

Crystal Barrel experiment and π(1600) has been ob-

served recently by COMPASS in 2004 data [1]. The

existence of glueballs is still a controversial subject.

Glueballs can have indeed the same quantum num-

bers as conventional mesons, so their evidence must

be based mainly on their decay and production prop-

erties. If initially glueballs were supposed to decay

flavor blind to lightest pseudoscalars nowadays their

decay branching fractions are explained within the

glueball mixing scheme with conventional mesons and

eventually with tetraquarks. The decay branching

fractions which are mainly used as a reference for this

mixing scheme are calculated using the results of the

WA102 experiment at CERN with incoming proton

beam at 450 GeV on a proton target [2].

The mechanism of central production observed

by the WA102 experiment is believed to be Double

Pomeron Exchange (DPE). With incoming hadron

energies of 190 GeV both diffractive and central prod-

cution are observed, therefore COMPASS can access

and confirm with much higher statistics the results of

both E852 and WA102 experiment.

Preliminary results of the reconstruction of exclu-

sive, π−p→ π−ηηp and π−p→ π−KsKsp final states

with 2008 data will be discussed.

2 Detector description

The COMPASS experiment is a two stage detec-

tor with a large angle spectrometer area (LAS) for low

energetic produced particles and a small angle spec-

trometer area (SAS) which covers the medium and

high energy range. It is located at the CERN Super

Proton Syncroton (SPS) which provides high inten-

sity beams, 4×107 s−1 muons and 5×106 s−1 hadrons,

with momenta up to 300 GeV/c. In the LAS area we

have a magnet with a bending power of 1 Tm (SM1),

a tracking system, a RICH (Ring Imaging Cerenkov)

detector, 1500 channel electromagnetic calorimeter

(ECAL1) and a hadronic calorimeter (HCAL1). In

the SAS area we have a higher bending power magnet

of 4.4 Tm (SM2) with an additional tracking system,

a second 3068 channel electromagnetic calorimeter
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(ECAL2) and a second hadronic (HCAL2) calorime-

ter. At 190 GeV the incoming negative beam con-

sists mainly of π(93%), K(2.5%), µ(3%), p̄(0.6%) and

e−(0.1%) while at incoming positive beam it consists

mainly of protons and pions. To identify the incom-

ing beam particles two Cerenkov differential counters

with acromatic ring focus (CEDAR) are placed up-

stream in the beam line. To improve the exclusivity

the 40 cm long liquid hydrogen target is surrounded

by two concentric rings of scintillators (RPD) which

are used to identify recoiling protons by TOF and

dE/dx measurements. The performance of ECAL2

has been improved with respect to the pilot run in

2004 by replacing the central lead glass cells with 900

radiation-hard Shashlyk blocks. In addition LASER

and LED monitoring system for ECAL2 and ECAL1,

respectively, were implemented in 2008 and 2009.

3 Data Selection

About 42% and 21% of the 2008 DATA were pro-

cessed to select the neutral channels π−p→π−ηη and

π−p→π−KsKsp, respectively.

The η mesons are identified by their decay into

two photons and their mass reconstruction which

is in agreement with the PDG value [3] as can be

seen in Fig. 1. Exclusivity neglecting the recoil-

ing proton, which carries a negligible fraction of the

incoming beam energy, is demanded by requesting

180< Eπ−+E4γ < 200 GeV. Additional exclusivity

taking into account the recoiling proton is demanded

requiring that the difference between the angle of the

recoiling track in the RPD, assumed to be a proton,

with the azimuthal angle of the π−4γ system is in the

range between −0.3 < φπ−4γ−φp−π < 0.3 rad.

Fig. 1. The two-photon invariant mass for the

three possible combinations around the η mass

in the π−p→π−4γp channel.

Fig. 2. Invariant mass of the π−ηη (left), ηη (center), and π−η (right) systems (not acceptance corrected).

Fig. 3. Invariant mass of the KsKs (left), π−Ks (center) and of KsKs systems vs. π− momentum (right).

In the π−ηη mass system a strong peak around

1.8 GeV can be observed (Fig. 2(left)). It is pre-

sumably due to the π(1800) but an admixture with

π2(1880) cannot be excluded. In the ηη mass system

a structure around 1.5 GeV, which can be associated

to the f0(1500), is visible (Fig. 2(center)).

In the final states π−p→π−KsKsp kaons are iden-

tified by their decays into π+π−. At high energies

Ks travel long distances downstream, which are cut-

off by the lack of reconstruction of secondary ver-

tices before SM1 at about 2.5 m. The KsKs mass

system (Fig. 3(left)) shows similar features around

1.5 GeV which are presumably due to both f0(1500)

and f ′2(1525).
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4 Amplitude analysis

Whilst for the 2004 data the partial wave analy-

sis (PWA) was performed using a program which was

originally developed at Illinois [4], and later modi-

fied at Protvino and Munich [1], for the 2008 data

two more independent formalism will be used. One

using a PWA program developed at Brookhaven [5]

and adapted for COMPASS and another one devel-

oped for the p̄p Crystal Barrel experiment at CERN

[6] and for the E835 Fermilab experiment at Fermi-

lab [7]. A description and adaptation of the latter

formalism for COMPASS will be given here.

From Fig. 3(right) where the mass of the KsKs

system is plotted vs. the π− momentum one can see

that the enhancement at 1.5 GeV in the KsKs invari-

ant mass is pronounced at high π− momenta, i.e. high

pion xF. This indicates that the f0(1500)/f ′2(1525)

is presumably produced centrally and not as a de-

cay product of a diffractively produced π−KsKs sys-

tem. Indeed because of momentum conservation a

central rapidity of the two-body KsKs system corre-

sponds to a higher xF momentum of the scattered

π−. On the other hand, the presence of resonances in

the other invariant mass combinations (Fig. 2(right)

and 3(center)) indicates that at 190 GeV diffractive

excitation coexist with central production. This im-

plies that in the amplitude Ansatz two terms have

to be fitted, one for each of the production mecha-

nisms. In order to reproduce the average kinematics

of these two possible processes, MC simulations have

been performed. For a centrally produced resonance

X decaying to ηη (Fig. 4) a rapidity ycm of X homo-

geneously distributed between −1 and 1 in the c.m.

frame is assumed. The four-momentum transfer t at

each vertex, tπ− to the leading π− and tp to the recoil-

ing p is randomized as for the case of two independent

elastic vertices, i.e. as e−bt, where b is a typical value

of ∼ 6 GeV−2.

Fig. 4. Feynmann diagram of a central produc-

tion. P and R are exchanged Pomeron or

Reggeon.

From Ref. [8]

M 2
X =−xP1

xP2
s, (1)

where xP2
= 1−xπ is the momentum fraction in the

c.m of the Pomeron emitted by the π, xP1
= xp−1 is

that of the Pomeron emitted by the p and s is the πp

c.m. squared energy. In the center of mass

xp +xπ +xX = 0 (2)

and

xX = MT

eycm −e−ycm

√
s

=
2MT sinhycm√

s
, (3)

where

MT =
√

M 2
X +pT

is the transverse mass of the central X. Using Eqs. (1),

(2) and (3), the simulations of the xF of the recoiling

proton, fast π− and central system X have distribu-

tions typical for a central production (Fig. 5).

In the case of a diffractively produced state Y with

the subsequent decay into π−X and X → ηη (Fig. 6)

we assume:

1−xY =
M 2

Y−m2
π−

s
.

With the approximation p2
T,Y = −t the xF distribu-

tion (Fig. 7) of the X system has on average higher

values with respect to the one relative to a centrally

produced X system (Fig. 5). At 190 GeV energy of

the incoming beam the two distribution partly over-

lap, therefore it is not possible to separate these two

different reactions.

Fig. 5. Generated xF distributions for a reac-

tion π−p → π−Xp with a centrally produced

resonance X→ ηη.

Fig. 6. Feynmann diagram of a diffractive production.
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Fig. 7. Generated xF distributions for a reac-

tion π−p → Yp with a diffractively produced

resonance Y→π−X, with X→ ηη.

The decay amplitude is written in terms of rela-

tivistic Breit-Wigner functions for the dynamical part

and spherical harmonics for the angular part as fol-

lows:

Aλ
J = Gλe

iδλFJ(q)
Y λ

J (α,β)

m2
0−s− im0Γ (m)

.

Here λ is the component of the spin along the quanti-

zation axis, Gλ and δλ are the coupling constant and

phase, FJ(q) are the standard centrifugal barrier fac-

tors. A sequence of rotations of the reference frame

from the beam axis, called Wick rotations, by φ and

θ relative to the direction of flight of X and a Lorentz

boost to the rest system of X and by −θ,−φ cancel

the D functions which would otherwise be needed for

the first rotations. The spherical harmonic Y λ
J (α,β)

are calculated in this reference frame, with the an-

gles α,β defined by the direction of one of the decay

products of the resonance X with respect to the beam

direction and production plane. The intensity of two

resonances with masses m0 and m1, spin J and J′ is

given by

w(m0,m1) =
∑

λ

[|Aλ
XJ

(m0)|2 + |Aλ
Y

J′
(m1)|2 +

2cλR(Aλ
XJ

(m0)A
λ∗
Y

J′
(m1)],

where −1 6 cλ 6 1 is the degree of coherence. The

total intensity is fitted minimizing the negative log-

likelihood:

−lnL=−
∑N

j=1
ln(wj)+N ln

(

∑M

i=1
wi

)

with N the number of data events, M the number

of MC events, and Gλ, δλ, cλ are the free parameters

of the fit. While unknown resonance parameters and

quantum numbers are allowed to vary and are opti-

mized in second stage, the masses and widths of well

established resonanced are kept fixed at PDG values.

The main differences between this formalism and

the standard PWA formalism used in the BNL E852

and WA102 experiments is in the additional degree

of coherence which is taking into account, not only

the incoherence between natural and unnatural parity

exchanges in the reflectivity basis but also the possi-

bility of a partial coherence. In addition, the data

are fitted minimizing mass dependent unbinned log-

likelihood. This technique should reduce the num-

ber of non-mathematical ambiguities observed in

standard PWA where the waves are extracted with

looser constraints after mass independent binned log-

likelihood method. In order to fit the two possible

reaction types the MC will include fitted amounts of

events with both production mechanisms in order to

cover the full phase space of the decaying particles

and to reproduce the shape of the xF and t distribu-

tions.

5 Conclusion

After the analysis of 2004 data COMPASS started

the reconstruction of high statistics data in several

charged and neutral channels with incoming hadron

beam at 190 GeV. Preliminary invariant mass distri-

butions show the presence of resonances which are

non q̄q candidates. To analyze these data two differ-

ent formalisms have been developed. The amplitude

analyses using these formalisms are in progress.
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