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On the interpretation of Lambda spin polarization in 
heavy-ion collisions at STAR

or
Elementary considerations about boosts and rotations



















The Poincare algebra

The spin can be defined (together with three-momentum) in the particle rest frame
Alernatively we can use helicity



The canonical boost
leads to the Lambda rest
frame



Transformation of the total orbital angular momentum
(the same as of the magnetic field)

In the COM (center-of-mass frame)







obtained by the canonical boost

the spin polarization three-vector of the Lambda hyperon

the momentum direction of an emitted proton

relativistic generalization: pure and mixed states



obtained by an additional rotation

proton three-momentum components (directions)



In the frame obtained by the boost

thus the polarization components are directly obtained from the proton distributions





The quanity that is measured (for Lambdas with a given three-momentum in COM) is

Averaging of this quantity over Lambdas with different momenta is controversial – valid in non-relativistic physics,
where angles do not change under Galilean transformations

We propose to measure/construct the variable

This involves all three polarization variables: the magnitude and direction. This result is Lambda-frame dependent.



Conclusions:

1) Interpretation in terms of the Barnett effect should be made with great care – there is no 
common frame for all Lambdas where they are at rest 

2) The present measurements measure y-component of the polarization in the Lambda rest 
frame, y-directions are different for different Lambdas and they might be significantly different 
from the direction of the total angular momentum of the produced system

3) An expression is given that shows how the polarization along the physical L direction can be 
measured

4) If the y-components are measured, the measurement of x-components seems to be possible. 
Since the z-components are measured, then we suggest that the full polarization vector should 
be measured before physics interpretations are done

5) Similar problems may appear in the measurement of Lambda polarization in p+p collisions.

6) The effect of the TPC  magnetic field should be recheked.

7) The effects discussed here are important for relativistic Lambdas – we do not expect radical 
quantitative changes 






