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The channel π−p → π−π+π−p
Conventional PWA method

Assumption: Intermediate state
X− undergoes subsequent
two-particle decays

Narrow binning in mX = m3π:
No assumptions on X−

Fixed amplitudes of the isobars ξ
e.g ρ(770)→ π+π−

Complex production-amplitudes
TX (m3π) for each wave and bin.
Extracted by a maximum-
likelihood fit

Result: Amplitudes for different
X− as function of m3π
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Novel approach
Step-like isobar amplitudes

Isobar amplitudes in
conventional PWA for different
[ππ]JPC :

I 1−−: ρ(770)
I 2++: f2(1270)
I 3−−: ρ3(1690)
I 0++: f0(980)
I 0++: f0(500)(or σ, [ππ]S)

Isobar-amplitudes not
determined by the fit

Fit of isobar
resonance-parameters not
practical→ “binned isobars”

Extract binned amplitudes of
the π−π+ subsystem

 system [GeV]−π+πMass of the 
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Two-dimensional results

Conventional analysis: Amplitudes binned in the three-pion mass m3π:

T (m3π)

Now: Two-dimensional binning for several waves with “freed isobars”:

T (m3π,mπ+π−)

→ Two-dimensional amplitude distributions

Analysis shown here: 3 waves with freed isobars:
I 0−+0+[ππ]0++ πS
I 1++0+[ππ]0++ πP
I 2−+0+[ππ]0++ πD

All other waves (80) still with fixed isobar amplitudes

In principle also possible for 1−−, 2++, . . . isobars
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Two-dimensional results
arXiv:1509.00992 [hep-ex]

Two-dimensional intensity distributions I(m3π,mπ+π−) = |T (m3π,mπ+π−)|2
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These plots should not be mistaken as Dalitz plots
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0−+0+[ππ]0++ πS
Intensity distribution

Main peak: π(1800)→ f0(980)π−

Smaller peak:
π(1800)→ f0(1500)π−

Broad structures at small masses.
Mainly non-resonant origin.

Make slices at constant m3π

(Green lines)

Phase information available. Look
at Argand-diagrams
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0−+0+[ππ]0++ πS
Slices at constant m3π
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1++0+[ππ]0++ πP
Intensity distribution

Broad structures at small masses.
Mainly non-resonant origin.

Small peak:
a1(1420)→ f0(980)π−

New a1(1420) not an artifact of
the f0(980) parametrization
Phys. Rev. Lett. 115, 082001
Boris Grube HK 32.1
Stefan Wallner HK 32.2

Again make slices at constant m3π

(Green lines)
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2−+0+[ππ]0++ πD
Intensity distribution

Broad structure at m3π ' 1.6 GeV.
Probably artifact from cross-talk
with fixed-isobar waves.

π2(1880)→ f0(980)π− visible

→ Free more waves to reduce
cross-talk
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Conclusions

Isobar amplitudes are replaced by
sets of binned functions [ππ]JPC

Novel method allows to extract
amplitudes of the isobars

Study resonance production in 3
dimensions: m3π, mπ+π− ( and t ′)
Known waves and decay modes
reproduced
Also the new
a1(1420)→ f0(980)π− is seen
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Outlook

Reduce effects from imperfect
parametrizations in fixed waves

→ Free isobar-amplitudes for all
large waves

Goal at the moment: 11 freed
waves

I 75% of the total intensity

I All waves with more than 1% of
the total intensity

Some challenges:
I Freeing isobars heavily

increases the number of fit
parameters (∼ 500 to 1000)

I Some problems with linear
dependences of Partial Waves

0−+ 0+[ππ]0++πS
1++ 0+[ππ]0++πP
2−+ 0+[ππ]0++πD
0−+ 0+[ππ]1−−πP
1++ 0+[ππ]1−−πS
1++ 1+[ππ]1−−πS
2−+ 0+[ππ]1−−πP
2−+ 0+[ππ]1−−πF
2−+ 1+[ππ]1−−πP
2++ 1+[ππ]1−−πS
2−+ 0+[ππ]2++πS
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