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Motivation - I
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Large angular momentum and magnetic
field is expected to be produced in
non-central heavy-ion collisions

Goal: Look for signature of these in measurements

M2 ~2x 10* MeV?2 ~ 3 x 10!* Tesla ~ 3 x 10!® Gauss
Ranbir Singh, NISER



Motivation - II

ALICE

Effects to study:

i) Angular momentum of the heavy-ion collisions system (L)
i1) Vorticity of the fluid created in such collisions

W = — (Y
2

iii) Strong Magnetic field (B) produced in such collisions

Possible experimental observable:

i) Global polarization of hyperons to probe the vorticity and
magnetic field ~ ~
P H " W ) P H ~ U HB
ii) Spin alignment of vector mesons like K*0 and ¢ to see the
effect of initial angular momentum
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Angular distribution of vector mesons %

ALICE
K0 Vector meson : : :
- Mass: 896 MeV/ 2 Poo = Element of spin d§n31ty matrix
- Lifetime: 1.38 x 10 s - L9 = Mo spin el
- Spin: 1
- Decays to K* and T (B.R. ~ 66.6%) Quantization axis
- Quark content (d, 5) >  Normal to production plane

»  Normal to reaction plane
dN

= Np|1 - *0% (3pp0 — 1
dcosf* 0[ poo + 005°6" (3poo — 1)

K. Schilling, P. Seyboth and G. Wolf, Nucl. Phys. B 15, 397 (1970)

Quantization axis

Quantization axis
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Angular distribution of hyperons

ALICE
M\ Y
L [
A Hyperon
- Mass: 1115 MeV/?
- Lifetime: 2.632 x 10°10 s b
- Spin: 1/2 oy g %
- SR
- Decays to p and n” (B.R. ~ 63.9%) A e
- Quark content (u,d,s) L
Nb\\leo ----- 'Q}Q&Q
& Ty 00
dN 1 ( = O e 5o
— = —(1 + Qg PH COSQ*> i
dcost* 2 Pl et :
STAR: Phys.Rev.C 76, 024915 (2007) e
— L = system angular momentum (defined along the
|Py| > Polarization - normal to the reaction plane)
= 0 = No polarization p; = three momentum of p(p) in hyperon rest frame
oy > Decay parameter 0y = polar angle of p(p) in hyperon rest frame
5 = azimuthal angle of p(p) in hyperon rest frame
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Global polarization and spin alignment g

results at RHIC e

All results from the STAR Experiment
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Global polarization and spin alignment

results at RHIC

All results from the STAR Experiment
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STAR: Phys. Rev. C 98, 014910 (2018)
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The centrality dependence of A
hyperon polarization is observed.
The magnitude of polarization is
higher for peripheral collisions.

ALICE
~ Au+Au 200 GeV
0.38 B 12<p, <54GeVic
- ¢ meson (1st order EP)
0.36 i
— I
i 5 H
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0.32 —+ +
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STAR: QM2018 Proc. Nucl. Phys. A 982, 559 (2019)

Poo Of @ meson shows centrality
dependence. p,,> 1/3 for mid-
central collisions
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ALICE detector %

ALICE
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ALICE

Global polarization of A hyperon
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Data set and analysis

Collision Pb-Pb at
systemand | Vs, =2.76 TeV,
energy Minimum bias
Rapidity ly| <0.5

No. of events | Y49 M

Measurement observable

dW
dsinbndor

47T(

(®

ALICE

14+ ay A|PH|0039P)

Angles are of daughter proton in rest frame of hyperon

ap = —ax = 0.642 £ 0.013

Component perpendicular to reaction
plane and averaged over all events

Collision 5-15%, 15-50%
centrality

Hadrons A-hyperons
Background | Side bands
Quantization | First order event
axis plane wg}g from ZDC

8
Py x =

(sin(@’; —

55)

WCYA’/_\

Statistical uncertainty
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Event plane using the two neutron ZDCs
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Signal extraction and EP resolution

ALICE
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Hyperon polarization measurements: p; K
dependence ALICE
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undaerway (mode
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Summary: Global polarization results

ALICE

v' P, consistent with zero for Pb-Pb collisions
at midrapidity for Vs, =2.76 TeV

v Expected significance of the combined A
and anti-A result is at a 1o level

v 10 times more event statistics needed for
a 30 significance result



ALICE

Spin alignment of K*° vector meson

Ranbir Singh, NISER
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Data set and analysis

pp collisions

Heavy-ion collisions

Collision system
and energy

Pb-Pb at 2.76 and
5.02 TeV, Minimum bias

Rapidity

ly| <0.5

No. of events

~14 M (2.76 TeV), ~30 M
(5.02 TeV)

Collision Centrality

K*0:10-50, 0-10, 10-30, 30-50,
50-70, 70-90 and 50-80%,
K0:20-40%

Collision pp at 13 TeV,
system and Minimum bias
energy

Rapidity |ly| <0.5

No. of events | ~43 M
Hadrons K*0
Background Mixed events
Efficiency x Corrected
acceptance

Quantization | Normal to
axis Production plane

Hadrons K™ and KO
Background Mixed events
Efficiency x Corrected
acceptance

Quantization axis

Normal to Production plane
and Event plane

Goal: Measure dN/dcos8* vs. cos@* and extract p,, value as
a function of p; and centrality of K™.




K*0 vector meson reconstruction in Pb-Pb
collisions in Production Plane method

Counts / (0.01 GeV/c?)

o
o
!

x10°
1 L !
[ Pb-Pb \/s, =5.02 TeV (10-50%)
L KO (K — K'n (K i

[ lyl<0.5
| 0.8 < p. < 1.2 GeV/c _

ALICE Preliminary
Production plane

0.8 <cos6*<1.0

Counts / (0.01 GeV/c?)
AN

Production plane
lyl <0.5

ALICE
x10°
! ! | ! ! ! ! | ! ! ! ! !
6 ALICE Preliminary —]
Pb-Pb \/s\, = 5.02 TeV (10-50%)
-~ *07*0\/ =S _e (10-50%)
- v, K"(K") =Kz (Kx*) _

0.8sp <12GeVic

e Unlike-charge pairs ]

o Mixed-event background

0.6 0.8 1 1.2 1.4
M_,. (GeV/c?)

0.8 <cosf*<1.0
e Data (stat. uncert.)
- — Breit-Wigner Peak Fit
----Residual BG

0.8 0.9 1
M_,. (GeV/c?)

Same event (sig+bgr) and
mixed event (bgr) distributions

Same event distribution after
mixed event background
subtraction

Yield is the area under Breit-Wigner distribution
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Angular distribution: Production plane

(1/N.,,) (dN/dcos 6 %)
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Ranbir Singh, NISER 17



Spin density matrix element (o,,) Vs. pr:

Production Plane
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Spin alignment of K'9(spin 1) and K° (spin O)

ALICE

0.8 - ALICE Preliminary
L OK*, pp Vs =13 TeV (min. bias) i
- mK*°, Pb-Pb \s,,, =2.76 TeV (10-50%) -
- @K*°, Pb-Pb \s,,, = 5.02 TeV (10-50%) .
0.6 =<K, Po-Pb \'s,,, = 2.76 TeV (20-40%) .
C lyl<05 Control Experiment:

No spin alignment observed

for spin O hadron K°

o
S
Q

Production plane
Uncertainties: stat.(bars), sys.(boxes) :

O 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |

0 2 4 6 8 10
P, (GeV/c)
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Centrality & energy dependence of 0y, :
Production plane
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d pyo shows centrality dependence and maximum deviation from1/3

for centrality class10-30%

4 Similar values of p,, are observed at both the energies

Ranbir Singh, NISER
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Angular distribution: Event Plane

Pb-Pb at \syy = 2.76 TeV
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event plane resolution.
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Spin density matrix element (py,) vS. pr:

Event vs. Production Plane ALICE
8 I T 11 | T T T 1 | T 11 | T 11 | T T T 1 1 8 L | | | L | L | L | LI
< | ALICE Preliminary i < 0.6 [~ ALICE Preliminary . —
- Pb-Pb s, = 2.76 TeV,10-50% - K*, Iyl <0.5,10-50% .
0.5 0 . — - Event plane Production plane -
B K<, lyl <0.5 m Production plane | % Pb-Pb, 2.76 TeV m Pb-Pb, 2.76 TeV
o =1/3 * Event plane = - e Pb-Pb, 5.02 TeV
00 . Py = 1/3 Opp, 13 TeV
0.4 o i ]

N
i

_______ X

o — ++i ...... bt °-4% _____ 1 :

| |{n=4§=-;||
e

|
- ' -
0.2 TI 0.2 + —
L 'H i
Uncertainties: stat. (bars), sys. (boxes) Uncertainties: stat. (bars), sys. (boxes)
0.1 coaa e b b b g byl Lo b b b b 1 1
0 1 2 3 4 5 0 1 2 3 4 S

[ (GeV/c) P, (GeV/c)

d o< 1/3 for pr < 2.0 GeV/cin both Event and Production plane
d Within statistical and systematic uncertainties p,, values are
similar in both Production and Event plane method
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Centrality dependence of 0 ,,: Event plane

ALICE
First p;bin Integrated p
8 1T 1T 1 | 1T 1T 1 | L | L 8 1T 1T 1 | L | L | 1T 1T 1
< 0.6  ALICE Preliminary — < | ALICE Preliminary :
K** Pb-Pb, |5 = 2.76 TeV i 05 K** Pb-Pb, |5 = 2.76 TeV ]
lyl <0.5,0.8 < p, < 1.2 (GeV/c) L lyl <0.5,0.8 < p. < 5.0 (GeV/c) |
- % Eventplane 7] - % Eventplane .
— o =1/3 i [ e Py =113 i
0.4 Uncertainties: stat. (bars), sys. (boxes) B 0.4 — Uncertainties: stat. (bars), sys. (boxes) ]
+ ﬂ H ‘ 0-3* ﬁ H H H ]
0.2 H H N - i
i | 0.2 —
| | | | | | | | | | | | | | | | | | | | i | | | | | | | | | | | | | | | | | | | | ]
0 100 200 300 400 0 100 200 300 400
<Npart> <Npart>

4 pyo shows centrality dependence and maximum deviation from1/3
for centrality class10-30% - First p, binis at ~ 1.74 0 and
integrated pyis at ~1.35 O

(Event plane resolution (10-30%) = 0.72)
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Centrality dependence of 0
vs. Production plane

First p; bin
Qg T T T T | T - T -I T | T T T T | T T T T | Qg

0.6 — ALICE Preliminary —
Pb-Pb K*’, Iyl < 0.5,5(TeV) p_(GeV/c)

W Production plane  2.76 04-12 0.5
@ Production plane  5.02 08-12 |

* Event plane 2.76 0.8-1.2

L[ e, =113 i

0.4 Uncertainties: stat. (bars), sys. (boxes)

H )

o . Event plane

Integrated p;

| ALICE Preliminary ]
L Pb-Pb K™, lyl <0.55(TeV) p_(GeVic)]

— [ Production plane 2.76 0.4-50 —
@ Production plane 5.02 0.8-5.0 -
* Event plane 2.76 0.8-5.0 7
P = 1/3 N

Uncertainties: stat. (bars), sys. (boxes)

0 100 200 300 400
<Npart>

0 100 200 300 400

<Npart>

ALICE

4 pyo shows centrality dependence in both Production and Event plane

and maximum deviation from1 /3 for c

entrality class10-30%

d Within statistical and systematic uncertainties p,, values are similar
in both Production and Event plane method

Ranbir Singh, NISER
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Poo VS. <N,,>: Comparison with STAR results in
Au-Au collisions at Vsyy = 200 GeV ALICE
All results are w.r.t. Event plane
0.8<p;<2.0GeV/c 2.0=<p:; <5.0GeV/c
SO A e L

0.8< p, < 2.0GeV/c

B p,,=1/3 7 i 7
04 | ﬁ _ 0.4 H H H H H H
0.2 — — 0.2+ ) —
B ALICE Preliminary i i ALICE Preliminary } Event plane i
- ®K*, Pb-Pb |5, =2.76 TeV . ~ @ K*, Pb-Pb |5, = 2.76 TeV 2.0<p_<5.0GeV/c
n STAR (PRC 77 (2008) 61902) _ | STAR (PRC 77 (2008) 61902) P, = 1/3 _
OK*’, Au-Au s, = 200 GeV O K*°, Au-Au | sy, = 200 GeV
0 Uncertainties: stat. (bars), sys. (boxes) | o] 0 Uncertainties: stat. (bars), sys. (boxes) T
I I R TN TN ST N NSNS SR AN N N N AN B I AT T T T Y N SN A AN SO S M A B
0 100 200 300 400 0 100 200 300 400
<N part> <Npart>

4 For low p;: pyo shows centrality dependence for Pb-Pb 2.76 TeV
4 For high p;: Both STAR and ALICE results are consistent
with p,o=1/3 (Uncertainties are smaller in ALICE)

Ranbir Singh, NISER 25



Summary: Spin alignment results

ALICE
v oo < 1/3 w.r.t. both Event and Production plane in
Pb-Pb collisions. For first p; bin, deviation is about 2.50
and 3.00 w.r.t. Production plane at 2.76 and 5.02 TeV
respectively, about 1.70 w.r.t. Event plane at 2.76 TeV

v’ poo consistent with 1/3 for higher p; in Pb-Pb collisions
at Vsyy =2.76 and 5.02 TeV in ALICE @ LHC

v’ poo Shows centrality dependence and maximum deviation
for mid-central collisions in both Event and Production
plane

v 0o Values are similar at both Vsyy=2.76 and 5.02 TeV

v 0oo ~ 1/3 : Spin alignhment not observed in pp collisions
and for K9, (spin 0) particle in Pb-Pb collisions



Outlook

v’ Analysis with Pb-Pb 5.02 TeV data with higher
statistics underway

v' Spin alignment studies of ¢ meson in pp collisions
at Vs= 13 TeV and Pb-Pb collisions at Vsyy = 2.76
and 5.02 TeV
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BACKUP
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Hyperon polarization measurements: %
Rapidity dependence ALICE

P, (%)
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Hyperon polarization measurements:

Centrality dependence ALICE
§ E rrri I rrri I rrri I rrri I rrri I rrri I rrri I T l. T l. I rrri f
o= 1.5 POPbYsy =276 Tev ALICE Preliminary 3

- —— A p.>0.5 GeV/c .
1 - - A lyl <0.5 B
0.5F # —
oF <§> % %) <j|> % % >
05F ¢ + —
- syst. error E
-1 — * 1o for P,, centralities 5-15% and 15-50% =
E + 10 for P, centralities 5-15% and 15-50% E
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K™ vector meson reconstruction in Pb-Pb

collisions in Event Plane method ALICE
6

)(1 06 &'\ 1 5 xldI OI | | | | | | | | | | | | | | | |
&‘-\ | | | | | | | | | | | | | | | | S | . . a
§ - ALICE Preliminary : > B ALICE Preliminary |
) | Pb-Pb |s,, =2.76 TeV, 10-50% i 10 o Pb-Pb \'s, =2.76 TeV, 10-50% |
(E | KO (K =K' (Ko, Iyl <0.5 i 5 i K* (K*°) = K'n (K'n*), Iyl <0.5
< Event plane o | Event plane _|
S 100~ 12<p <1.6GeVic — =1.0 P
; - 0.6 <cosf*<0.8 . §2! B 7
— C | ]
S a L |
o @)
&) | i

05~ 4. p. <16 GeVic B
0.6 < cosf*<0.8 ) i
. . [ e Data (stat. uncert.)
s * Unlike-charge pairs : ~ — Breit-Wigner Peak Fit
B o Mixed-event background | ~ ---- Residual BG
QI I I | | | | | | | | | | | | | | 00 | IO|8I | | I0|9I | | | ‘ll | | | I1|1
0.6 0.8 1 1.2 1.4 ' ' M . (GeV/ 2
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Same event (sig+bgr) and Same event distribution after
mixed event (bgr) distributions mixed event background
subtraction

Yield is the area under Breit-Wigner distribution
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