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Motivation

Measurement of          global polarization at NICA/MPD 
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Motivation

Measurement of          global polarization at NICA/MPD (4-11 GeV)
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Introduction

Anisotropic decay for Lambda hyperon (1)
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* — denotes Lambda rest frame θ* — angle between the decay particle and 
polarization direction

Polarization can be measured using the 
azimuthal angle of proton in Lambda rest 
frame φ* (2)
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Polarization extraction — EP method

Obtained invariant mass distribution in bins of
➢ Net amount of Λ in each bin
➢ Distribution of
Fit of the distribution1 to get                    → P
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(Following HADES procedure)
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Simulation

MC 
simulation

PHSD

Detector
simulation
GEANT 3

Event 
reconstruction

MPD

MC simulation using PHSD model
➢ Thermodynamical (Becattini) approach for calculation of 

thermal vorticity → hyperon polarization (P = {P
x
,P

y
,P

z
})

Detector simulation
➢ Transfer of P to MCTracks
➢ Transfer of polarization during hyperon decays1

➢ Anisotropic decay of Λ hyperons (following eq. 1)
Event reconstruction
➢ Centrality calibration  -  TPC multicplicity
➢ Event plane determination (Ψ1

EP
, R1

EP
)  -  FHCal

➢ Lambda reconstruction  -  PID
➢ Global polarization extraction  -  EP method

1 Ξ+(Ξ-), Ξ0, Σ0 decays (1)
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Results (1M events)
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Results (10M events)
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Results

(left) Previous result (PHSD ~1M events, @ 7.7 GeV)
(right) New result with ~1M events, PHSD @ 9 GeV
The results seem similar, but ...

PHSD

7.7 GeV

PHSD

9 GeV



Updated polarization transfer at NICA/MPD 11/49Elizaveta Nazarova 26.07.2022

Results

PHSD

9 GeV

PHSD

9 GeV

(left) PHSD @ 9 GeV,  ~1M events
(right) PHSD @ 9 GeV,  ~10M events
Not only the errors decreased, but the value of polarization
For the full sample, the reconstructed value is consistent with 0
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Simulation

MC 
simulation
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Detector
simulation
GEANT 3

Event 
reconstruction

MPD

MC simulation using PHSD model
➢ Thermodynamical (Becattini) approach for calculation of 

thermal vorticity → hyperon polarization (P = {P
x
,P

y
,P

z
})

Detector simulation
➢ Transfer of P to MCTracks
➢ Transfer of polarization during hyperon decays1

➢ Anisotropic decay of Λ hyperons (following eq. 1)
Event reconstruction
➢ Centrality calibration  -  TPC multicplicity
➢ Event plane determination (Ψ1

EP
, R1

EP
)  -  FHCal

➢ Lambda reconstruction  -  PID
➢ Global polarization extraction  -  EP method

1 Ξ+(Ξ-), Ξ0, Σ0 decays (1)
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Simulation

MC 
simulation

PHSD

Detector
simulation
GEANT 3

Event 
reconstruction

MPD

MC simulation using PHSD model
➢ Thermodynamical (Becattini) approach for calculation of 

thermal vorticity → hyperon polarization (P = {P
x
,P

y
,P

z
})

Detector simulation
➢ Transfer of P to MCTracks
➢ Transfer of polarization during hyperon decays1

➢ Anisotropic decay of Λ hyperons (following eq. 1)
Event reconstruction
➢ Centrality calibration  -  TPC multicplicity
➢ Event plane determination (Ψ1

EP
, R1

EP
)  -  FHCal

➢ Lambda reconstruction  -  PID
➢ Global polarization extraction  -  EP method

1 Ξ+(Ξ-), Ξ0, Σ0 decays (1)



Updated polarization transfer at NICA/MPD 14/49Elizaveta Nazarova 26.07.2022

Simulation of polarization transfer

Anisotropic decay for Lambda hyperon:

b

L

p
p

* ΨRPθ*

θ*
p

φ*

p

* — denotes Lambda rest frame 

— the length of the polarization vector in 
Lambda rest frame

Calculate random cosθ* (from (*))
φ* - random in [0,2π]
Complicated rotations back and forth to 
Lambda and lab frames
Boost to the lab frame

(1)
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Updated polarization transfer

Polarization transfer redone (V. Voronuyk): 

(1) Polarization vector P = {P
x
,P

y
,P

z
} 

from PHSD model rotated w.r.t. reaction 
plane
(2) Spin direction is randomized 
according to the probability (length of 
the vector)
(3) For secondary Lambda: spin 
direction randomized (dependent on the 
feed-down constant)

if (fPsiRP != 0.) pol.RotateZ(fPsiRP);(1)

Float_t xxx = frandom->Rndm();
if (xxx > 1. / 2. * (1. + weight_pol)) {

pol *= -1.; 
part->SetWeight(-1.*weight_pol);

} else {
part->SetWeight(weight_pol);

}
part->SetPolarisation(pol);

(2)
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Updated polarization transfer

Polarization transfer redone (V. Voronuyk): 

(1) Polarization vector P = {P
x
,P

y
,P

z
} 

from PHSD model rotated w.r.t. reaction 
plane
(2) Spin direction is randomized 
according to the probability (length of 
the vector)
(3) For secondary Lambda: spin 
direction randomized (dependent on the 
feed-down constant)

(3) Float_t xxx = gRandom->Rndm();
if (TMath::Abs(moth->GetPdgCode()) 
== 3212) {

if (xxx > 1. / 3.) {
polar *= -1.0; 

}
} else if (TMath::Abs(moth-
>GetPdgCode()) == 3312) {

if (xxx < 0.927) {
polar *= -1.0; 

}
} else if (TMath::Abs(moth-
>GetPdgCode()) == 3322) {
         if (xxx < 0.900) {

polar *= -1.0; 
}

}      
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New polarization transfer

Then calculate random cosθ* (from (1)) 
with |P|=1)
φ* - random in [0,2π]
Construct unitary vector of proton
Rotate it w.r.t. polarization direction
Boost to the lab frame

(1)
b

L

p
p

* ΨRPθ*

θ*
p

φ*

p

Testing
➢ Using our production of 10M events — 

MCTracks information
➢ Using privately produced dataset with the 

updated transfer — 1M and 2M for 
comparison

+ introduced anisotropic decay for 
Anti-Lambda
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1. Primary Lambda — 10M production

Good agreement between values calculated via fitting procedure and mean polarization
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1. Primary Lambda — 10M production

Good agreement between values calculated via fitting procedure and mean polarization
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1. Full Lambda — 10M production

Not perfect agreement — fitting can be improved
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1. Full Lambda — 10M production

Not perfect agreement — fitting can be improved
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1. Mean Lambda polarization — 10M production

Returning the values of mean global polarization in both cases
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1. Primary ALambda — 10M production
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1. Primary ALambda — 10M production
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1. Full ALambda — 10M production
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1. Full ALambda — 10M production
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1. Mean global polarization — 10M production

Lambda Anti-Lambda



Updated polarization transfer at NICA/MPD 28/49Elizaveta Nazarova 26.07.2022

2. Compare MCTracks with data — 2M private production

Different centrality selection — still, good agreement
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2. Compare MCTracks with data — 2M private production

Something goes wrong in the simulation — needs to be checked for ALambda
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2. Full Lambda — 1M private production (MCTracks)
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2. Full Lambda — 1M private production (MCTracks)
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2. Full Lambda — 2M private production (MCTracks)
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2. Full Lambda — 2M private production (MCTracks)
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1. Mean Lambda polarization — 1M vs 2M

1M events 2M events
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1. Mean Lambda polarization — 1M vs 2M (with cuts)

|η| (p) < 1.3
|η| (Λ) < 1.0

0.4 < p
T 
(Λ) < 3.0
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1. Mean Lambda polarization — RP vs EP (2M)

|η| (p) < 1.3
|η| (Λ) < 1.0

0.4 < p
T 
(Λ) < 3.0
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2. Primary Lambda — 1M private production (MC-Reco)
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2. Primary Lambda — 1M private production (MC-Reco)
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2. Primary Lambda — 2M private production (MC-Reco)

With resol.
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2. Primary Lambda — 2M private production (MC-Reco)

w/o resol.
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2. Full Lambda — 1M private production (MC-Reco)

With resol.



Updated polarization transfer at NICA/MPD 42/49Elizaveta Nazarova 26.07.2022

2. Full Lambda — 1M private production (MC-Reco)

w/o resol.
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2. Full Lambda — 2M private production (MC-Reco)

With resol.
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2. Full Lambda — 2M private production (MC-Reco)

w/o resol.
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2. Mean Reco Lambda polarization — 1M vs 2M

1M events 2M events
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Conclusions

Updated polarization transfer
➢ rotation w.r.t. reaction plane

➢ Spin direction randomized according to the probability

Tests for Lambda on private 2M events production are successful
➢ MCTracks: show similar results to the tests on 10M events

➢ Reco: tests manage to extract polarization values

Anisotropic decay for Anti-Lambda
➢ Workes in MCTracks test on the official 10M events sample

➢ Implementation in mpdroot needs to be tested

New production?
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The End

Thank you for your attention!



Updated polarization transfer at NICA/MPD 48/49Elizaveta Nazarova 26.07.2022

2. Full Lambda — 1M private production (Reco)
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2. Full Lambda — 2M private production (Reco)
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