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First look at (1020) meson flow 
and other strange updates...
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Introduction

1. Re-analysis of  meson anisotropic flow (previous attempt by Leon Skorpil) 

2. No significant  flow was found then ( upper limit of ~  ) 

3. This is in contract with data from STAR's BES II, which suggests very strong 
(comparable to  and p) directed flow for the  

4. Is this a rabbit worth chasing ... ?

ϕ

ϕ |v1 | < 0.1

Λ ϕ
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Indications from STAR BES II
‣ The STAR Collaboration sees a 

strong directed flow of  mesons 

‣ Directed flow slope increases at low 
energies, indicating a strong effect 
for HADES 

‣ Statistics of  production (deep sub-
threshold) are very much against us 

‣ If we expect directed flow of about  
 0.2, then the  10k sample of  

should be enough! 
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https://indico.cern.ch/event/1334113/contributions/6336623/attachments/3045227/5380652/QM2025_poster_Guangyu_final.pdf
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Status of analysis by Leon Skorpil (MSc thesis October 2024)
‣ Leon concluded that no significant 

anisotropic flow of  meson is seen 

‣ Instead, he estimated limits on  
and  for this particle species 

‣ In particular, it is found that 
 

‣ This is in stark disagreement 
with observations from STAR at 

 = 3.0 GeV !

ϕ
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v2

−0.10 ≤ v1 ≤ 0.05
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Status of analysis by Leon Skorpil (MSc thesis October 2024)
‣ Leon concluded that no significant 

anisotropic flow of  meson is seen 

‣ Instead, he estimated limits on  
and  of this particle 

‣ In particular, it is found that 
 

‣ This is in stark disagreement 
with observations from STAR at 

 = 3.0 GeV !
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−0.10 ≤ v1 ≤ 0.05
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Some methods indicate a non-zero, rapidity-symmetric directed flow!
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 signal reconstructionϕ
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Event & track selection
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centrality  % 
vertZ in  mm 
correct EP determination

10 − 40
[−64.0; − 10.0]

K plus K minus SE phi ME phi RA phi

Charge + 1 -1 - - -

Mass 460 - 540 [MeV/c2] - - -

Momentum 150-900 [MeV/c] - - -

∆ theta - - < 1.0 deg < 1.0 deg < 1.0 deg

∆ phi - - < 3.0 deg < 3.0 deg < 3.0 deg

distVpart1 
[mm]

- - < 10 - < 10

distVpart2 - - < 10 - < 10

distV-V - - < 10 - < 10
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5-40% signal
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 mass spectrum 5-40 % centralityφ
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6630  154  mesons in this centrality class± ϕ
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Comparison to Marvin Kohls & Leon Skorpil
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Parameter Set 1

Parameter Set 2

Centrality 10-30%
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Fourier analysis
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Fourier fits

12

y0

p t
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‣ The statistics are very small, but allow 
some simple flow analysis 

‣ Only 4  bins 

‣ Only directed flow 

‣ The  histograms quality is heavily 
affected by background estimation 

‣ To extract flow, the background 
subtraction needs to be tuned

Δϕ

Δϕ
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"Differential" flow
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 meson directed flowφ

‣ With enough care, a non-zero, 
statistically significant  could be 
extracted for the  meson 

‣ Perhaps a value for  could be 

estimated 

‣ Is it worth the effort?

v1

ϕ

dv1
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Update on the  flow analysisΛ
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Systematic effects
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Systematic effects
‣ First approach to evaluation of systematic uncertainties in  flow analysis 

‣ Maps of  are compared for different scenarios of analysis (e.g. 12  bins vs. 18  bins) 

‣ Relative deviation from average      useless for values  or with high errors 

‣ Deviation in units of statistical uncertainty      is more informative  

 

	 Should  be even considered a systematic uncertainty?

Λ

vn Δϕ Δϕ
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xi − x̄
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Rapidity-wise  
asymmetry
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Hard cuts 
vs. TMVA
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Fourier fit 
vs. TProfile
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What's left to be checked
‣ Some systematic checks are still planned: 

 
- different days of the beamtime 
- pt:y binning 
- occupancy correction  

‣ The systematic check is also an opportunity to check if chosen methods are optimal 

‣ Hard cuts appear to have slightly better rapidity symmetry than TMVA cuts (?) 

‣ 18  bins is more accurate for  measurementΔϕ v2
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Final plots including systematic uncertainties
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Comparison to JAM2 RQMDv (with/without potential)
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‣ Integrated flow distributions  
are obtained by 
scaling by  

‣ Statistical and systematic  
errors alike 

‣ Simplifies comparison  
 + increases statistics

1
ϵ ⋅ α(y0, pt)

‣ GiBUU, UrQMD 4.0 and SMASH(?) calculations are planned
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(Disappointing) Update on the K±
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Rework of  is ongoingK±
‣ Rework of  is ongoing  

‣ Adjusting old style of 
analysis ("inherited" from 
Lukaš) to new macros 
(developed for ) 

‣ Takes longer than expected  

‣ The framework is ready 

‣ Once all data-based issues 
are fixed, there will be a lot 
of new results
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Instead of a summary...
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(some 

contribs 
pending)

Ongoing 
(JAM2, 

other models 
pending)

Pending 
(framework 

ready)

K+/-
Done  

(optimized 
fits)

Ongoing 
(Fourier, 
TProfile 

pending) 

Pending 
(framework 

ready)

Pending 
(framework 

ready)

Pending 
(framework 

ready)
Pending

Pending 
(framework 

ready)

Phi 
feasibility 

check

Done  
(ME works, 
RA tested 
not used)

Done 
(Fourier, 
TProfile, 

pQ) 

Done - - - -
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T h a n k    y o u !
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b a c k u p  s l i d e s :
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Symmetry TMVA vs hard cuts
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1 pt bin + 10  binsΔϕLab
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