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Plan of Talk

• Introduction:

• COMPASS Experiment:

π−p (orPb)→ π+π−π+π−π−p (orPb) at 190 GeV/c

(Diffractive Dissociation of π− into π+π−π+π−π−)

• Conclusions and Future Prospects
Central Diffractive Production of Exotic Mesons (< 3 GeV)

at ALICE and STAR
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Regge Trajectories

αρ(t) = 0.48+ 0.88 t

αP(t) = 1.086+ 0.25 t

J = Re{α(m2)}
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Reggeon exchange:

ε = +1 Natural-parity exchange
ε = −1 Unnatural-parity exchange�� ��1 (1400)

p p

���" =+1; �0; f2(1270), Pomeron" = �1; �; f1(1285); b01(1235)
Replace η above by π+π−π+π− .

Notation: JPCMε R1

[
L
S

]
R2

Isobars: {R1, R2} −→ {π−, (π+π−)(π+π−)}
{π−, π±

(
(π+π−)π∓

)
}

{π+π−, (π+π−)π−}
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3-Dimensional View of COMPASS

Two-stage Spectrometer with particle IDs
for both charged and neutral particles.
(Detectors spread out over 50 m)

COMPASS: P. Abbon, et al., NIM A577, 455 (2007)
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Hadron Physics Program of COMPASS
• Data-taking runs:

µ+ beams at 160 GeV/c in 2002–2004
π− beams at 190 GeV/c in 2004 (two weeks)
µ+ beams at 160 GeV/c in 2006–2007
Hadron± beams at 190 GeV/c in 2008–2009
µ+ beams at 160 GeV/c in 2010
µ+ beams at 200 GeV/c in 2011

• Pilot hadron run in 2004 with 190 GeV/c π− beam
at 106/s on Pb, Cu and C targets

An example: π− + Pb→ (π+π−π−) + Pb Statistics: ' 500 000 events

Exclusive events at low t
A New Evidence for a JPC = 1−+ exotic meson: PRL 104, 241803 (2010)

• Runs with a Recoil-Proton Detector (RPD) in 2008–2009

An example: π− + p → (π+π−π−) + p

2008 Statistics: ' 100 000 000 events (' 400 times BNL data)

Exclusive events at low t
Search for JPC = 0±−, 1−+, 2+−, 3−+. . . exotic mesons
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COMPASS (5π)−:1

• COMPASS 2004 Data on

π− Pb→ π− + π+π− + π+π− + Pb

384,000 events for all t′ = |t| − |t|min

203,000 events for t′ < 0.005 (GeV/c)2

Diffraction2012 Lanzarote, The Canary Islands 10–15 September, 2012 7/20



COMPASS (5π)−:1
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Partial-wave Analysis

• Decompose the (5π)− mass spectrum into partial waves
in the isobar model.

• Bin-by-bin extended likelihood fits using an initial collection
of more than 800 partial waves.

• Using a procedure, the so-called statistical evidence,
reduced the needed partial wave to some 40 partial waves

• A final collection of 10 partial waves are fitted to mass-dependent
parital waves and their interference terms.

• Search for resonances in the (5π)− system;

Two new 1++ states around 2.0 GeV

and one 2−+ state above 2.0 GeV .
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COMPASS (5π)−:2
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COMPASS (5π)−:3

)2mass (GeV/c
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

in
te

n
si

ty

0

200

400

600

800

1000

1200

1400

1600

1800

prelim
inary

COMPASS 2004
 Pb­

π
+

π
­

π
+

π
­

π → Pb ­
π

(770) ρ [0] ­
π →(1269) 1a

2
0

(770) ρ)+0
­+

(2
­

1

/nfs/nas/user/sneubert/PWAFITS/FINAL/fitF6/MASSDEPNEW/10w.7res.1350.3050.root

)2mass (GeV/c
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

in
te

n
si

ty
0

200

400

600

800

1000

1200

1400

1600

prelim
inary

COMPASS 2004
 Pb­

π
+

π
­

π
+

π
­

π → Pb ­
π

(770) ρ [2] ­
π →(1320) 2a

2
0

(770) ρ)+0
­+

(2
­

1

/nfs/nas/user/sneubert/PWAFITS/FINAL/fitF6/MASSDEPNEW/10w.7res.1350.3050.root

1−(2−+0+)ρ
[

0
2

]
a1(1269) 1−(2−+0+)ρ

[
0
2

]
a2(1320)

a1(1269)→ π
[

0
1

]
ρ(770) a2(1320)→ π

[
2
1

]
ρ(770)

Diffraction2012 Lanzarote, The Canary Islands 10–15 September, 2012 12/20



COMPASS (5π)−:4

)2mass (GeV/c
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

in
te

n
si

ty

0

200

400

600

800

1000

1200

prelim
inary

COMPASS 2004
 Pb

­
π

+
π

­
π

+
π

­
π → Pb 

­
π

(770) ρ
0
0

(770) ρ →(1370) 0f
0
1 ­π)+0

++
(1

­
1

/nfs/nas/user/sneubert/PWAFITS/FINAL/fitF6/MASSDEPNEW/noA12200.root

)2mass (GeV/c
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

in
te

n
si

ty
0

100

200

300

400

500

600

700

800

900

prelim
inary

COMPASS 2004
 Pb

­
π

+
π

­
π

+
π

­
π → Pb 

­
π

(1269) 1a
1
1 ±π →(1285) 1f

1
1 ­π)+0

++
(1

­
1

/nfs/nas/user/sneubert/PWAFITS/FINAL/fitF6/MASSDEPNEW/noA12200.root

1−(1++0+)ρ
[

1
0

]
f0(1370) 1−(1++0+)π

[
1
1

]
f1(1285)

f0(1370)→ ρ(770)
[

0
0

]
ρ(770) f1(1285)→ π

[
1
1

]
a1(1269)

Diffraction2012 Lanzarote, The Canary Islands 10–15 September, 2012 13/20



COMPASS (5π)−:12
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Conclusions and Future Prospects I

Recent Results and Future Plans at COMPASS:

• Diffractive Dissociations π−(190 GeV/c)→ π+π−π− on Pb and proton
targets. The exotic meson JPC = 1−+ π1(1600)→ ρπ clearly seen both
data samples,

The data from the proton target is currently under intense study
by F. Hass/TUM (for his Ph.D. thesis) and
by Dima Ryabchikov/IHEP, Protvino—frequent visitor to TUM.

Rich Resonance Spectra as a function of t′.
One or two papers planned on the results

• π+π−π+π−π− partial-wave decomposition carrried out by

Sebastian Neubert of TU/München—PhD Thesis

Three resonances found: a1(1900), a1(2200), π2(2100)

A draft of the paper is in preparation
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Conclusions and Future Prospects II

• More results from the partial-wave analysis of the COMPASSdata:
π−p → X−p with X− → (3π)−, (5π)−, (KK̄π)− or (KK̄πππ)−

• STAR and ALICE provide suitable experimental platforms
for future resonance searches including JPC -exotics.

• The exotic JPC ’s for X 0 are

1−+, 3−+, 5−+,etc. for Pb + Pb

2+−, 4+−, 6+−,etc. for γ + Pb
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