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Details on the resonance production in: COMPASS Collaboration, Phys. Rev. D 95 (2017) 032004, arXiv:1509.00992 [hep-ex].

Light-Meson Resonances at COMPASS
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•  beam   production of light isovector mesons via diffractive reactions


• beam excited to resonance  ( -like and -like)


•  decays into  final-state


• target stays intact


Analyzed Targets at COMPASS:


• (light) proton target (in the form of )


• (heavy) solid state targets lead (Pb) and Nickel (Ni)


π− 190 GeV/c →
X− πJ aJ

X− π−π−π+

lH2

COMPASS
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updated  analysis: 


• more data + improved event selection

more than 115 million exclusive  events


• (for this talk) kinematic range:


•  


• 


Heavy targets (Pb and Ni):


• 13.5 million events for Pb target

• 12 million for Ni target


• different  range: 


  + heavy targets: large kinematic range


lH2

π−π−π+

0.5 < m3π < 2.5 GeV/c2

0.1 < t′￼< 1.0 (GeV/c)2

t′￼ 0.0 < t′￼< 1.5 (GeV/c)2

→ lH2
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Details on the previous  analysis: COMPASS Collaboration, Phys. Rev. D 95 (2017) 032004, arXiv:1509.00992 [hep-ex].lH2
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Partial-Wave Decomposition: Method
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Model the full measured distribution: 

• event described by 5-dim. kinematic variable  

• factorization + isobar model

• sum over  quantum numbers and decays (wave) : 


88 wave model (as published)

• build fit model


 


τ

X− i = (IG, JPC, M, ξ0, L)
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Partial-Wave Decomposition: Method

I(τ; m3pi, t′￼) = ∑
i∈waves

Ti(m3π, t′￼) ψi(τ; m3π)

2

+ Tflat
2

Isobars :


•  


• 


• 


• 


• 


• 


ξ0

σ(500)
ρ(770)
f0(980)
f2(1270)
f0(1500)
ρ3(1690)

Details of the Partial-Wave Decomposition in: COMPASS Collaboration, Phys. Rev. D 95 (2017) 032004, arXiv:1509.00992 [hep-ex].
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Partial-Wave Decomposition: Method

     resonance information


• 2D-binning in  and   


• fit in every bin: 

− intensities 


− relative phases 


 non-parametric / “model independent” extraction


Ti → X−

m3π t′￼→ Ti(m3π, t′￼)

|Ti |
2

arg(TiT*j )

→

I(τ; m3pi, t′￼) = ∑
i∈waves

Ti(m3π, t′￼) ψi(τ; m3π)

2

+ Tflat
2

i = (IG, JPC, M, ξ0, L)
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Partial-Wave Decomposition: Results
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Partial-Wave Decomposition:  waves0−+

Here  data: -like objects


• signal of the  resonance decaying into 

scalar isobars


• scaled to  intensity peak


• excellent agreement in  peak


 what about decays into other isobars?

lH2 π

π(1800)

π(1800)

π(1800)

→
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Partial-Wave Decomposition:  waves0−+

Here  data:


• narrow signal in  

wave but at lower mass


lH2

0−+0+ f2(1270) π D
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Partial-Wave Decomposition:  waves0−+

Here  data:


• narrow signal in  

wave but at lower mass


• seen by the VES experiment [1] 


26 wave model


Be target at low  


lH2

0−+0+ f2(1270) π D

→

t′￼< 0.06 (GeV/c)2

Figure 4 (d) of [1]

[1] VES Collaboration, D.V Amelin et al., Physics Letters B, Volume 356, Issue 4, 1995, Pages 595-600

0−+0+ f2(1270) π D
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Partial-Wave Decomposition:  waves0−+
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Figure 4 (d) of [1] (scaled)

Here  data:


• narrow signal in  

wave but at lower mass


• seen by the VES experiment [1] 


26 wave model 


Be target at low  


lH2

0−+0+ f2(1270) π D

→

t′￼< 0.06 (GeV/c)2

[1] VES Collaboration, D.V Amelin et al., Physics Letters B, Volume 356, Issue 4, 1995, Pages 595-600
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Partial-Wave Decomposition: Comparison
Comparison of 

liquid hydrogen ( )

heavy target (Ni & Pb)


• intensity peak at the same 
position


• rapid phase motion!


• for liquid-hydrogen data: 
shoulder above  

 most likely non-resonant:

− strong  dependence of 

shoulder

− wave-set dependence

lH2

1.8 GeV/c2

→
t′￼
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 & NilH2  & PblH2

 & PblH2
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Resonance-Model Fit
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Details of resonance-model fit in: COMPASS Collaboration, Phys. Rev. D 98 (2018) 092003, arXiv:1802.05913 [hep-ex].

Resonance-Model Fit: 7 selected waves
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Fit selected waves: 


• Breit-Wigner + nonresonant component


• seven waves


• fit intensities and phases simultaneously


Model:


• four  waves:


− 


− 


− 


− : different models


• three additional waves to interfere against:


− : 


− : 


− : 

0−+

0−+0+ [ππ]S π S
0−+0+ f0(980) π S
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1++0+ f0(980) π P a1(1420)
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:  + nonresonant component: 
0−+0+ f2(1270) π D π(1800)
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fails to described intensity peak  try separate “ ”
→ π(1700)
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“ ”: 

, 

π(1700)
m0 = 1740 MeV/c2 Γ0 = 171 MeV/c2

: 

, 

π(1800)
m0 = 1795 MeV/c2 Γ0 = 230 MeV/c2

 

 and Δm0 = 55 MeV/c2 ΔΓ0 = 59 MeV/c2 • excellent description
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Resonance-Model Fit: Lead (Pb) data
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“ ”: 

, 

π(1700)
m0 = 1698 MeV/c2 Γ0 = 157 MeV/c2

: 

, 

π(1800)
m0 = 1781 MeV/c2 Γ0 = 221 MeV/c2

 consistent picture for both data sets: 


separation in lighter “ ” and heavier  preferred


→

π(1700) π(1800)

 

 and Δm0 = 83 MeV/c2 ΔΓ0 = 64 MeV/c2 • excellent description
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Possible Interpretations
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 peak shifted by interference with more complicated nonresonant component (?)


We tried:


• studies of partial-wave model (we go beyond the 88-wave model: up to  waves) 

 peak stable, high-mass shoulder changes


• studies of models for coherent non-resonant background: Deck, Central Production

• more complicated resonance-models: e.g. two Breit-Wigners 


 one resonance used as effective background 

π(1800)

𝒪(700)
→

→

Possible Interpretations: Shifted  π(1800)
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Close and Page: How to distinguish hybrids from radial quarkonia [1] 


 hybrid  + additional quark-model state at lower mass?


• theory prediction for  decay:   and  decays suppressed

• VES

−  [2]    signal like we see it

−  [3]   signal: ,  

 speculate about  and -state


•  also accessible at COMPASS (upcoming analysis)


• Maybe further insights from lattice QCD?

   e.g. like prediction of  decay modes by the Hadron Spectrum Collaboration [4]

→ πH(1800)

πH(1800) f2 π D ωρ

π−Be → π+π−π−Be → f2 π D
π−Be → ωπ−π0Be → ωρ m0 = 1737 MeV/c2 Γ0 = 259 MeV/c2

→ πH qq̄

ωρ

π1(1600)

Possible Interpretations: Resonance?

[1] Close, Frank E. and Page, Philip R.,  Phys.Rev.D 56 (1997) 1584-158

[2] VES Collaboration: D.V Amelin et al., Physics Letters B, Volume 356, Issue 4, 1995, Pages 595-600 

[3] VES Collaboration arXiv:hep-ex/9810013v1, 6 Oct 1998

[4] A.Woss et al., PRD 103, 054502 (2021) 
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Partial-Wave Decomposition: Method

From the intensity of an event we can get it’s detection probability (for a specific set of 
parameters):





The product of the individual probabilities over all events times the Poisson distribution of the 
number of events (it’s also random!) results in extended likelihood Ansatz:





For numerical stability: take the logarithm 


 maximize    transition amplitudes per bin 

P(τ j; mj
3pi, t′￼j) =

I(τ j; mj
3pi, t′￼j)

∫
Ω

I(τ; m3pi, t′￼)d LIPS(τ)

ℒ =
n̄
n!

e−n̄
n

∏
j

P(τ j; mj
3pi, t′￼j)

ℒ → log(ℒ)

→ log(ℒ) → n (T0, T1, . . . , Ti, . . . , Tn)T = ⃗T ∈ ℂn
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COMPASSResonance Model Fit:  SystematicslH2
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Systematic Studies:


• top left: fit only 


− intensity not well described


• top right: fit only nonresonant:


− no able to capture the signal at 

all


• bottom two resonances:


− left: “ ” + 


− right: two free resonances


− one resonance used as 

background 


 unphysical addition of BW
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COMPASSResonance Model Fit:  datalH2
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COMPASSResonance Model Fit
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Both  and Pb data show a separation of the additional free “ ” component
lH2 π(1700)

Pb data stronger separation: different (maybe smaller?) background (  range)t′￼
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Published results in: M. Aghasyan et al., [COMPASS Collaboration], “Light isovector resonances in  at 190 GeV/
c,” Phys. Rev. D 98 (2018) 092003, arXiv:1802.05913 [hep-ex].

π−p → π−π−π+p


