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COMPASS Hadron Runs
2004, 2008, 2009

CERN SPS M2-beamline:
neg. beam: 190GeV/c π−(95%),K−(4.5%)
pos. beam: 190GeV/c p(71.5%), π+(25.5%),K +(3%)

Pilotrun 2004 190 GeV π− beam on nuclear targets (mainly Pb)
3π± high-t’analysis ∼ 400 000 events (π1(1600) PRL in print)

2008 Apparatus Upgrade
Recoil Proton Detector (RPD), calorimetry, kaon PID

2008 Run mainly 190 GeV π− beam on lH2 target
3π± diffractive on proton ∼ 100M events

2009 Run pion / proton beams on lH2 and nuclear targets

Sebastian Neubert — Hadron Spectroscopy at COMPASS 3/22
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Production Mechanisms at COMPASS
and most prominent Phyics Motivations

Diffractive Dissociation→ Search for Spin-Exotics
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Basic Event Selection - Exclusivity
E. g. π−π−π+ similar for all analyses

Calculated Beam Energy (GeV)
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Supplemented by recoil detector (see π−π0π0 later in this talk)
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Squared Momentum Transfer t = −q2

Diffractive Scattering
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Invariant Mass Spectrum of π−π−π+ (2008)

190 GeV/c hadron beam→
96%π−, 3.5%K−, 0.5%p

40cm liquid hydrogen target

0.1GeV2/c2 < t ′ < 1.0GeV2/c2

∼96M exclusive events (2008)
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3π Dalitz Plots

Left: Dalitz plot for a2(1320), events selected by ±Γ0 around a2 mass.
Right: Dalitz plot for π2(1670) with ±0.5Γ0.

Input to PWA per mass bin: one Dalitz plot + 3 angles = 5 variables

Sebastian Neubert — Hadron Spectroscopy at COMPASS 8/22
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PWA Formalism Redux
2Stage Isobar-Model Fit

Mass-Independent PWA
Fit angular distributions + isobar systems
in independent mass bins

σ(τ,m) =
∑
ε=±1

Nr∑
r=1

∣∣∣∣∣∑
i

T ε
ir (m) f εi (t ′) ψεi (τ,m) /

√∫ ∣∣ψεi (τ ′,m)
∣∣2 dτ ′

∣∣∣∣∣
2

Production amplitude
t’-dependence (helicity “flip”)
Decay amplitude (Helicity formalism, reflectivity basis)

Mass-Dependent χ2 fit→ Extract Resonance Parameters
Parameterization of spin-density matrix elements

∑
r

T ε
ir T

ε∗
jr (mx)

Takes into account interference terms
Coherent background for some waves
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Intensities of dominant JPC states
First results from mass independent PWA (2008)
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π−π0π0 Final State - Selection

3pi system
measured in
spectrometer

Recoil∆Φ

Ring A

Ring B
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π−π0π0 Final State
Mass spectrum and first fit→ a2 peak

]2 system [GeV/c0π 0π -πinv. mass of  
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

2
ev

en
ts

 / 
10

 M
eV

/c

0

500

1000

1500

2000

2500

3000

3500

4000

PRELIMINARY

(1260)1a

(1320)2a

(1670)2π

COMPASS 2008
(10% of 2008 data)

no acceptance correction

p0π0π-π  →p  -π

0

500

1000

1500

2000

2500

3000

x 10 2

0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5
JPCMε = 2++1+ ρ(770) π D GeV/c2

Ev
en

ts
/4

0 
M

eV
/c

2 COMPASS 2008

 π-π-π+

  ( 21% of 2008 data)
 π-π0π0

 ( 10% of 2008 data)

 mass indep PWA
 (42 waves)

 no acceptance
 correction

Sebastian Neubert — Hadron Spectroscopy at COMPASS 12/22



The COMPASS Experiment Production Mechanisms Final States

First results from 3π PWA (2008)
Comparison: π−π+π− vs. π−π0π0 (normalized on a2(1320) peak)
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Primakoff Production of 3π States
Statistical Subtraction of Diffractive Component at low t’
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Extraction of a2(1320) Production Phase

Partial wave fit⇒ 1++ and 2++ signals
2++ only produced with M ≥ 1 (natural parity exchange)
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Multiparticle Final States: π−π+π−π+π−
2004 Data Sample – Pb target

Mass range > 2 GeV/c2

Light meson frontier:
many disputed states in this region
(0−+)(1++)(1−+)(2−+)(4++)(4−+)...

Parity doublets?
Effective restoration of classical QCD
symmetries?

Decay modes b1π, f1π, ρ′π

Prototype multiparticle analysis

Complex isobar decays

New algorithmic approaches
→ e. g. Genetic Optimization
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4π Central Production on Proton Target
Can we kinematically separate I = 0 4π systems?

p,π
p,π

π

π
π
π

p p

s
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t
2

t
1

Event signature

Fast outgoing π−

Slow recoil proton

Rapidity gaps

Selection of centrally produced 4π using cut x
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F > 0.7 xF =
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s

fast
-π of Fx

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

E
ve

nt
s

0

5

10

15

20

25

30

35
310×

preliminary

COMPASS 2008
 p-π+π-π+πfast

-π → p -π

not acceptance corrected
(13% of 2008 data)

) > 0.7fast
-π(Fx

 Subsystemπ of the 4Fx
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

E
ve

nt
s

0

5

10

15

20

25

30

310×

preliminary

COMPASS 2008
 p-π+π-π+πfast

-π → p -π

not acceptance corrected
(13% of 2008 data)

) > 0.7fast
-π(Fx

Sebastian Neubert — Hadron Spectroscopy at COMPASS 17/22



The COMPASS Experiment Production Mechanisms Final States

Central Production of 4π
4π Subsystem Invariant Mass Distribution
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Separability from diffractive processes

xF cut enriches f1(1285)

Both central prod. and diffraction present @ 190 GeV/c

Unified analysis technique required
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Kaon Diffraction K−p → K−π+π−p

Beam kaon tagging with Differential
Cherenkov Counters (CEDAR)

FS kaon ID with RICH

∼ 600 000 events on tape from 2008
(WA32: 200 000)
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Proton Diffraction: pp → pπ+π−precoil
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Proton Diffraction: pp → pfastK +K−pslow

)2 System (GeV/c-K+K
f

Invariant Mass of p
1.5 2 2.5 3 3.5 4 4.5

2
E

ve
nt

s 
/ 5

M
eV

/c

0

50

100

150

200

250

300 COMPASS 2008

s
 p-K+K

f
 p→p p 

not acceptance corrected

preliminary

)2 System (GeV/c-K
f

Invariant Mass of p
1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

2
E

ve
nt

s 
/ 5

M
eV

/c

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

310×
COMPASS 2008

s
 p-K+K

f
 p→p p 

not acceptance corrected

preliminary

(1520)0Λ

(16??)Σ/Λ
(18??)Λ

)2 System (GeV/c-K+Invariant Mass of K
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

2
E

ve
nt

s 
/ 5

M
eV

/c

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

310×
COMPASS 2008

s
 p-K+K

f
 p→p p 

not acceptance corrected

preliminary

(1020)φ

(1525)?
2

(1500)/f’0f
(1320)?2a

)2 System (GeV/c+K
f

Invariant Mass of p
1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

2
E

ve
nt

s 
/ 5

M
eV

/c

0

50

100

150

200

250

300

350

400 COMPASS 2008

s
 p-K+K

f
 p→p p 

not acceptance corrected

preliminary

Sebastian Neubert — Hadron Spectroscopy at COMPASS 21/22



The COMPASS Experiment Production Mechanisms Final States

Summary and Outlook
Hadron Spectroscopy at COMPASS

Summary: Rich, high statistics data samples
96M π−p → π−π+π−p events (2008)
π−p → π−π0π0p

→ PWA started

5π, 3π Primakoff, Kaon diffraction, 4π central production, π−η, KKππ,
KsKs central production
Baryon Spectroscopy from 2008 pilot run

Outlook:
Main focus: Acceptance simulation
Ongoing work on ECal resonstruction (due to hardware upgrade)
Advancement of PWA software
http://sourceforge.net/projects/rootpwa

2009 data being prepared for analysis
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