INTERPRETATION OF A HYPERONS SPIN POLARIZATION MEASUREMENTS

Radoslaw Ryblewski
The H. Niewodniczanski Institute of Nuclear Physics
Polish Academy of Sciences, Krakow, Poland

based on the paper: 2102.02890 [hep-ph]
in collaboration with: Wojciech Florkowski (ITP, Jagiellonian University, Krakow, Poland)

o | QUAIRK MATTEIR

o KRAKOW
® @772
N NATIONAL SCIENCE CENTRE gﬁ INSTITUTE OF NUCLEAR PHYSICS
h POLAND ’ POLISH ACADEMY OF SCIENCES

SONATA BIS 8 Grant No. 2018/30/E/5T2/00432 1



ANGULAR MOMENTUM IN HEAVY-ION COLLISIONS

- ! — fig: R. Ryblewski

| Non central heavy-lon colllsmns create systems y A *

,~ with large global orbital angular momenta
L ~ 10°A

F. Becattini, F. Piccinini, J. Rizzo, PRC 77 (2008) 024906
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; Part of the angular momentum can be transferred :
. from the orbital to the spin sector ,4
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participants - = ZJ ——— e e — ,,r&
4 Em|tted partlcles are expected to be polarlzed along the %f
before collision after collision , system S orbltal angular momentum ,:
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MEASUREMENT OF /\ AND /_\ SPIN POLARIZATION

fig: L. Adamczyk et al. (STAR) (2017), Nature 548 (2017) 62-65
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- Self-analysing parity-violating hyperon
' weak decay allows to measure

| /\ polarization
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MEASUREMENT OF /\ AND /_\ SPIN POLARIZATION

8 <- T | ; As the outcome of the spin polarlzatlon experlments |
’ — | one cites the magnitude of the polarization |

| along orbital angular momentum of the system l
defmed |n system S center—of -mass (COM) frame 1

-

| However to determlne the magnltude of the polarlzatlon
— | one studies momentum distributions of protons
T } emitted in the weak decay of Lambdas i

L - which are measured In the A rest frame (ARF) )
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' Interpretation of the results will depend on it!
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fig: B. I. Abelev et al. (STAR) PRC 76, 024915 (2007)



CENTER-OF-MASS FRAME IN HEAVY-ION COLLISION

COM frame J fig: W. Florkowski, R.R., 2102.02890 [hep-ph]
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NOTE we assume here that ‘PRP can be weII measured 3



TRANSFORMATION FROM COM 10 ARF
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TRANSFORMATION OF ORBITAL ANGULAR MOMENTUM

COM frame ﬁ;J

| In non- central heavy-lon colllsmns a ..
substantial orbital part
IS generated at the |n|t|aI stage i;

~ transforms like the spatlal

components ,‘1, —
{ of an antlsymmetrlc tensor l”
S —. s

A In its rest frame “sees” dlfferent |
dlrectlon of angular momentum .

fig: W. Florkowski, R.R., 2102.02890 [hep-ph]
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TRANSFORMATION OF ORBITAL ANGULAR MOMENTUM
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TRANSFORMATION OF ORBITAL ANGULAR MOMENTUM

change of the system S angular ,;
momentum direction
due to relatlwstlc effects
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S(pp) vs S*(pA) A REST FRAMES AND THE WEAK DECAY
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/\ WEAK DECAY LAW
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INTERPRETATION OF THE /\ POLARIZATION MEASUREMENT

“y” component of the f
polarization three-vector |
measured in the ARF |

| not the component of the polarlzatlon anng
| the orbital angular momentum, as ‘

|
the “y” dlreotlons is COM and ARF dlffer ?
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|t IS temptlng to measure also |
mean (c0S ¢),) — ratio of the two |




CORRELATION WITH GLOBAL ANGULAR MOMENTUM

direction of the orbital angular momentum
that is “seen” by the spin in the A rest frame
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components of the polarization vector
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~ projection of the polarization vector along the direction of the global angular momentum |
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ESTIMATES OF RELATIVISTIC EFFECTS

let us assume that

P =PL

2

L' P =P (1-1 ‘1/2(1 > )EP’F v)
( 2) ].—l—\/].—UQ P(>

, o2 2 o2
v = v} + 13 + v3

average value for /A in momentum range (m,n) GeV

| i P . fvi:)) dv [ dQ Fp(v)Fr(v)|

- mA - _1
Fr(v) = N |exp T + 1
_ eff _ _

] GV "
V(n) = tanh sinh™* (nme )
i A _

Teff = 150 MeV

relativistic effects may reach 10%




INCLUDING REACTION PLANE DEPENDENCE
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INCLUDING REACTION PLANE DEPENDENCE
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INCLUDING REACTION PLANE DEPENDENCE
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SUMMARY

We have discussed the interpretation of the spin polarization measurements
In relativistic heavy-ion collisions

We have shown that the appropriate interpretation of the relation between the spin direction
(measured in the ARF) and the orbital angular momentum of the system (measured in the COM frame)
requires that the direction of the angular momentum is boosted to the ARF

We have given the necessary formula that may be used to average the measured polarization
of A with different momenta in the COM frame
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