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Heavy-ion collisions

Strongly interacting Quark-Gluon
matter with vorticity Plasma
and magnetic fields

Beam (N §
direction ™%

https://itp.uni-frankfurt.de/
~bleicher/index.html?content=urqmd

Initial orbital Vorticity field Polarized Spin polarization for baryons,
—> y —> )

angular Magnetic field quark/gluon , 0 T

momentum ,
Strong field ‘ Spin alignment for vector

mesons,
0O O
S. A. Voloshi, nucl-th/0410089

Z.-T. Liang, X.-N. Wang, PRL 94, 102301 (2005) [Erratum: PRL 96, 039901 (2006)]; PLB 629, 20 (2005)
F. Becattini, F. Piccinini, J. Rizzo, PRC 76, 044901 (2007)
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spin polarization

® Spin polarization of A hyperons

strangeness

AN—>p+7m
(uds) (uud) (ud)

0

¢ Angle distribution of daughter protons in A's
rest frame

dN

df)*

47

/

decay parameter

(constant)

(

¢  Spin density matrix
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Weak decay

Pairty violation

=
B STAR AutAu 20%-50% [yj<i -
8— —— UrQMD-IC+vHLLE BES-I —
r AMPT (Lietal) er OFR ]
- e AMPT (G0 et al.) BES-II |
r = = Chiral kinetic ¥ A x X _
6 — - 3FD (1PT EoS) 200 GeV —
. o L T 3FD (hadronic EoS) A oX st i
4+ 4
2 4
0— |

—i

\IS_NN (GeV)
Becattini, Buzzegoli, Niida, Pu, Tang, IIMPE 2024
STAR, Nature 648 (2017) 62

m) Related talks: Zhen-Yu Chen,
Jin-Long Zhang, Xing-Rui Gou
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Vector meson spin alignment

e Spin density matrix for a vector meson ( =17) ®* A meson’s spin is determined
by its constituent & ~
T P+1,41 P+1,0 P+1,—1 Z.-T. Liang & X.-N. Wang, PLB 629,
20 (2005
Prs = £0,+1 pPoo . Po,—1 (200%)
2
P—1,41 ,0—1,(\:0—13—1 plrec) _ 1 — 14
00 3+ P2

P K*0 Spin alignment
@ =1/3 for unpolarized K*(rec) _ 1 — PyPs
meson Poo " 3+ PP,

Processes Polar angle distribution Sl I
converted to

Strong K > K '+
-wave decay ¢ K*'+ K~

|1 — poo + (3pop — 1) cos? 0] OAM

Dilepton /
decay

L T+

2 [1+ poo + (1 — 3poo) cos® 0] Spin

K. Schilling, P. Seyboth, G. E. Wolf, NPB 15, 397 (1970) [Erratum-ibid. B 18, 332 (1970)].
P. Faccioli, C. Lourenco, J. Seixas, H. K. Wohri, EPJC 69, 657-673 (2010)
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pUO

Global spin alignment

0.4

0.35

0.3

0.25

II| T I T T TTTI T I T T TTTT T I T

- 3O {|y|==1.0&“r.2<pT<5.4 GeV/c) -
o K”(ly| <1.0& 1.0 <p_ <5.0 GeV/c) |
- — GV =464+0.73 m _

Lol i R

(unpolarized case)
J_!.

il Non-trivial spin 1
LT alignment of |

- filled: STAR (Au+Au & 20% - 60% Centrality) 1
_ open: ALICE (Pb+Pb & 10% - 50% Centrality)|

led

II| | 1 ItIIII[ 1 | EIIlE!I il 1

10° 10°

Sy (GeV)

STAR, Nature 614, 244 (2023)

10

m) Related talk: Sheng-Qin Feng,

Sep.

Xiao-Zhi Bai, Rui-Xiang Chen

12, 2026

¢ Non-relativistic spin @ ¢
coalescence

® Spin alignment
4==m) Anisotropy of spin correlation

1 41
POO§+§{§<P§‘P5>—<P5P§'>]

X.-L. Xia, X.-G. Huang, PLB 817, 136325 (2021)

J.-H. Chen, Z.-T. Liang, Y.-G. Ma, XLS, Q. Wang,
Sci.China Phys.Mech.Astron. 68, 211001 (2025),

e [nternal spin-spin interaction

1

AH = -S;-Sg =

Significant ~ spin correlation
No spin alignment

1
—51(8, +8,)* — 8% - 82

Independent of
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meson spin alignment

e Spin alignment of meson LR % o STAR  — Out-of-Plane
measured along direction of €g " e In-Plane
0.36} | Ly
1 1 .
Poo = 3 + O {gwf w' — (€ - w;);z] .
) small &034f T
+C {—s" e’ — (€ - s")2]
3 032}
493 (1
J / ' I N\2
— ~C1 =B, -B, —(¢)- B
mbe;f 1 3 ¢ o (€0 cb) } 0.30( |||
4g2 M1
) ' ! /2 10k
— Cy | =E, -E, — (¢ E, o
min 2 3 ¢ Ho (€0 o) ] § 5E
NLL il
Lorentz transform 0.5F
. . 10
Fields in lab frame
F% — F2 M (GEV)

(93BLBL/T2) = (g2ELEL/TE) = F25' +Aa‘al { F2=F241A

- Cancellation for mixing terms (because of CP and reflection symmetries)

- All field contributions appear quadratically, spin alignment measures anisotropy of
fluctuations in meson’s rest frame

XLS, L.Oliva, Z.-T.Liang, Q.Wang, X.-N.Wang, PRL 131, 042304 (2023); PRD 109, 036004 (2024).
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Anisotropy of fluctuations

* Spin alignment measures anisotropy of fluctuations in meson’s

expansion > transverse expansion

e Predictions for differential measurements

Y=0,w/A =---- Y=0, wio A
—— Y=1, WA ----- Y=1,wioA =]

0.06

004

0.0 0.5 1.0 15 20 2.5 3.0
¢

The extracted A 2 and its effect on azimuthal-
angle dependence is relatively small

XLS, S. Pu, Q. Wang, PRC 108, 054902 (2023)

Anisotropy of QGP: longitudinal

0.5

0.45

0.35

0.3}
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Lab (QGP) frane

rest frame

\‘ Meson’s

rest frame

Anisotropy induced by motion
relative to QGP background

0.4

STAR Preliminary

¥ o2"order (1.0 <p_<5.0 GeVic) e
B ¢1%order (1.0<p, <5.0 GeVic) -

- Py = 13

o Theory (1.2 < P, < 5.4 GaVic,

20%-60%)'

Au+Au 19.6 GeV

0%-80%

A"
ab®
an?
v
it
-"'II
.........
-----
-------

Baoshan Xi @ QM2023 -

.-‘*,.-"

‘,;-r‘ \ =

ey Our prddiction

0.5
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Anisotropic distribution

* Anisotropic particle distribution (Romatschke-Strickland distribution)

8(p, &) =

ds

exp [ﬁ\/pT (& + 1)p2 +m; ] + 1

e  Energy-momentum tensor for an ideal hydro with an anisotropy pressure

,u,ff "o v
(€)= Z/ 27)3 4/ 2+m Pp

g"* Pr — (Pr — Pp)I"l”

= (¢ + Pr)utu”
1.0 L

09" \ =150 MeV -
it Ideal 1
i‘ 0.7} Hadron -_
Q. 0.6;— - QGP _
0.5} ]
0.4
00 05 10 15 20

¢

Sep. 12, 2026

Xin-Li Sheng

1%5(p, €)

Ideal: massless particles
Hadron: hadrongas ( , , ,
QGP: , , ,

relationship between & “and Py /Pr

is nearly model-independent,

)



Spin alignment

®* (Cross section for spin- vector meson

ox(p,q) = €, (p,A) e (p, A) M* (p,q)

M (p,q) = ermiy g™ + 2 qq” + capp” + ca (Pq” + ¢"p”) +ics(p'q” — ¢p¥) +ice € P pagp

Perpendicular to Antisymmetric
polarization vector

e Spin alignmentin -direction (| || | )

st (p) ~ S (D) /3 (9;) # (d*) /3

(q%) —3mi, c1/e2 Anisotropic

X _ 4 distributions
_ J °a/(Ep, Ep,)0(Ep — Ep, — Ep,) A f1(p1) f2(po

B [ dgq/(Epl Epz)(s(Ep - Epl - Epz)fl (pl)fE (pQ)

(4)

* Coefficients in transition amplitude rely on production mechanisms for

vector meson S+ 5 — ¢
K+ K~ . — =
+ -~ qj E’Q‘? = r'f’gf.b&gws |:,.}/_1.1 + %O—Mu(av + gu)] wsd)n
Lokk = 9o KV (K+8#K_ — K_@';LK*) _ - Cp OB
= G¢s5¥s !3’?” (1 + thﬁ) t o ] Vsdu
Vector Spin-orbit (LS)
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Spin alignment

¢ Spin alignment induced by anisotropic distributions as a function of /

T T T u ] o | o Ll b I
B o sl Aru x o20600] 1 0.0} K*O Authu e K*0(20-60%) |
(b b o v <1 a5k h
1. 2GeV<p.<h. 4GeV LT §§ B I
L 0.36 F * -
0.38 ... ; . 0.38 |- ; .
sl ] L lyl<t {4
8 0.9 : ¥ . g . 2GeV<p,<5. 4GeV
a 0.36F T ™ {a 0.36 R s
N Vay, (GeV) .. Vs (GeV)
0. 34 T
i ' 1/3 __._.._._._.4__;_‘_:_:__________:_:_;________%0:_,,__'-
. "~ SR q)(LS) 0 1 r= | L d:—) K*O (1.S)
: K'K— 0 - - - 55 o (vector) : — K'n =K™ - -- ds— K"(vector)
o 1 2 2 1 M 1 o [ | 5 | " 1 o [ 2
0.5 0.6 0.7 0.8 0.9 1.0 0.5 0.6 0.7 0.8 0.9 1.0
BT P/ Py
» Not from -~ spin correlation W.-B. Dong, XLS, Y.-L. Yin, D. H. Rischke,

Q. Wang, arXiv: 2607.06138
» Model-dependent

> Can be (107?) if fluid background is highly-anisotropic

Sep. 12, 2026 Xin-Li Sheng
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pvgn—-'”3(1 0-3)

Momentum dependence

20} -
— — $p=0,Y=0 -—.. =0, Y=0.5
_r KK-—>
:-“?-! g Hadron
S coalescence -
L i

—2.

-4} |

_6} Vectolr ™

. ~_coupling . -0.42 Gev
Ol — $p=0,Y=0 --- ¢,=0,Y=0.5 ]

00 05 10 15 20 25
pr (GeV)

s+ 5 — @ with pure LS coupling is similarto K+ + K~ — ¢
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3.0

20t ]
— pr=1GeV, Y=0 --- pr=2GeV, Y=0

1.5}

0.5¢

-2l
-4} ) ]
_6 .

8 pr=1GeV, Y=0 -—-- pr=2GeV, Y=0 |

o 1 2 3 4 5 8
®p
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2.0f_ p:=0GeV, ¢y=0---- pr=1GeV, ¢,=0}
1.5 \-_.=_."<-,\___%.w. — §=0.2 §=1 o
05
oob " :—r:--.-r—— -
0.0 0.2 04 0.6 0.8 1.0
Y
0 L
-2}
-4} P
-6} ~ =1
_ — §=0.2 — §=2
— pr=0GeV, ¢=0 ---- pr=1GeV, ¢=0
0.0 0.2 04 06 0.8 1.0

Y
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Lorentz boost

* For a particle with momentum  and spin projection
U(A) ‘p= n, A) — ‘p[: 1, X'> D«\’)\[R(A: p)]

() (P
Wigner rotation | R(A,p) = L~'(p')AL(p) , \

*  Wigner little group [ (3)] leaves rest-frame Frame 1 Frame 2
momentum =( ,0,0,0) invariant p.m, \) A U(A) |p,n, M)

Rest frame |Il, A)rest

rest

®  Spin density matrix
p"(p) — Pm(p,) = D[R(A, p)]p" (p)DT[R(A}p)] Similarity transformation of  (3)
Irreducible decomposition

I11=081d2 P* — P =R,P" Vector polarization

g 257

11 1 ,
P (p) = gls+ 5P -8+ 7T5%; T — Tj =RiRjTa Tensor polarization

1 0 0 —i 0 0
Sy = — 001 |.8= i 0 —i | S5= 0
V2 1 0 0 i 0 _1

2.0 Spi i
o Q. Q) _ = - pin-1 representation of SO(3) generators
2ij = (S* SJ + SJ S*) S 5” in angular momentum basis

Sl =

o O
= 2 &

Sep. 12, 2026 Xin-Li Sheng 13



How to measure?

Vector polarization

PP = V2Re(p}y + pb_1)

; G, ; [ |
5 — i —P=1—d

P = —v2Im(pfy + pf 1)

Tensor polarization

T = _2111’1}9?,—1

T35 = —V2Im(ply — pi_1)
T3t = V2Re(ply - p5,—1)
Ta = oo — 5 + 2Rep}_,
T3 = ol — 3 — 2Regl_,
T8 = 20k — 3)

T+ T2 +Ta3 =0

Sep. 12, 2026

e Strong -wave decay

dN _ 3 n n
a9 = 3 (1 = pgo) + (3050 — 1) cos™
—2Repl _4 sin® 6 cos 2¢ + 2Imp7 4 sin® #sin 2¢
—V/2Re(p%) — Po.—1) sin 26 cos ¢

—]-\/ilm(plfg — po.—1)sin 20 sin ¢

Direction of n matters!

e Dilepton decay / - T+

dN _ 3
dQY — 167

+2Rep] _; sin? 6 cos 2¢ — 2ImpY _, sin® @ sin 2¢
+V/2Re(pt, — Po.—1) Sin 26 cos ¢
—V2Im(p%, — P0.—1) Sin 26 sin aﬁ]

|(1+ pBo) + (1 = 3pfy) cos? 6

K. Schilling, P. Seyboth, G. E. Wolf, NPB 15, 397 (1970) [Erratum-ibid. B 18, 332 (1970)].
P. Faccioli, C. Lourenco, J. Seixas, H. K. Wohri, EPJC 69, 657-673 (2010)

Xin-Li Sheng 14



Off-diagonal elements

e Off-diagonal elements of vector meson density matrix
(spin quantization direction is set to -direction)

z (x,p) ~ 1 — g P*P? — lp P- Difference between - correlation and
Poo\ X, P g q q q .
3 3 3 174 - ( - ) correlation
Rep? _,(x,p) ~ ! (P;P; — PYP),, Difference between - correlation
| 3 . and - correlation
Z ~ T DY 47
~Impt 1 (x,p) ~ 3 (P Py + F{F)y - correlation
VA Z \/§ T Dz z DT
Re (Pm - Po,—l) (x,p) ~ 3 <Pq FP7 + P/ F] >V - correlation
z z \/§ z z pY :
—Im (pm = P(),—l) (x,p) = 3 <P$P§ + P, Py >V - correlation
e Average over constituent /7’s relative
position and relative momentum p/2

o 1 [ . p?
P?’P3> =— /d‘ax Py exp | — 22 — a2 x2
< ¢ta/,, =3 bd Pb €XP 2

X P;(xl,pl)Pg(Xzz P2)
-Ps

X.-L. Xia, H. Li, X.-G. Huang, H.-Z. Huang, PLB 817, 136325 (2021)
XLS, Q. Wang, X.-N. Wang, Phys.Rev.D 102 (2020) 5, 056013
J.-H. Chen, Z.-T. Liang, Y.-G. Ma, XLS, Q. Wang, arXiv:2407.06480
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Change of quantization axis

e State with spin projection in direction n

n- j ‘Il} ’\>rest = A |n5 )")rest

e Consider a spatial rotation  which transforms n to n" = Rn

0 JU(R) |0, = UR) [U'(R - JUR)| 0, N),..,

— U(R) [(Rn) - (Rj)] n, )
= U(R)(n-J)|n,A)

rest

rest

— AU(R) ‘Il} A)rest
‘n!? X,>rest — U(R) ‘11} Xf)rest — |1’1: A>rest D'\/\I(R)
D.\N(R) — rest (Il, A ‘ n!: AI)rest — EK : Ei\’
1
Eg=n, €41 =———=(En; +ins), n; L ny I n
0 +1 \/EE( 1 2) 1 2

e Total density matrix is independent to choice of quantization axis

Rotation of spin density matrix | p* = DT(R)p"D(R)

Sep. 12, 2026 Xin-Li Sheng 16



Change of quantization axis

* Spin polarization vectors when quantization directions are in

-, -, or -directions

1 1
o =(1,0,0), €1 =——(0,1,2), e_1 = —(0,1, —1),
0= ( ), €41 \/ﬁ( ), €_1 \/ﬁ( )
1 1
eg =(0,1,0), ey = ——=(2,0,1), ey = —(—1,0,1
0 ( 7 ) ) +-1 \ﬁ( 3 Vs ) 1 \/i( : )
1 1
eo =(0,0,1), €41 = ——+(1,2,0), e_1 = —(1,—1,0),
O ( 7 7 )J ‘|—1 \/E( ! 7 ), 1 \/i( 4 i ),
e Rotating matrices
S
1 1
DBy»z)= | =55 0 5 D(Ry3) = ~
2 /2 2 2
Z 1 y y % y 2
Poo = 5 (1 — Poo — 2Rep1=_1) Poo + Poo + Poo = 1.
% 1 y y N y 1 5 %
Poo = 5 (1 - Pgn + QRBP{—_'[) Rep{_l = §Pg(] + Poo —
Sep. 12, 2026 Xin-Li Sheng
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T
VT
ﬁ -
1
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Measuring off-diagonal elements

e Can we express off-diagonal
elements as linear combinations

of (g in different directions?

| - 1

: R ; )/V2

Repy _; = 5#}%’0 +Po — 3 —V2Im(p¥, — g ) =1— 25TV _ gt
(%+2)/VZ _ 3 v _ S + %

—21111191 =1- 2.0(1:3 A Pgﬂ \/(:’Re(ﬁ{[) - .0[))’,—1) =1- E}?; B = Poo

e Spin alignment in -direction

1 . - . .
Poo = g {3 — oo — 2Repi_1 + (1 — 3,030 — GRepi_l) cos 20,
+4 sin 26,, (QImpfﬁ_l COS QO — \/ﬁRe(pz’;’U = Pg,—l) sin qf;-n)

+2sin? 6, [(l + QRepz’;?_l - Spg[-}) cos 20y + 2v/2Im(pY, — ,og’_l) sin 2¢>n] }

izati i 7 4 VI [EHD/VE (5+8)/V2
e Tensor polarization can o oY pﬁﬂ, péﬁ y)/v2 p

be expressed in terms of ‘ ,
Poo + LYo + Poo = 1,

Sep. 12, 2026 Xin-Li Sheng 18



Diagonal element

Deriving off-diagonal element and
spin alignment in beam direction

using present data

<] ]. ¥ }*{ ].
Reﬁi—l = Eﬁgo + Poo — 5

|1|1|

0.4 » ¢ (Out-of-Plane & 2""-Order EP)
¢ o (In-Plane & 2"-Order EP)

i

Au+Au 20-60% |y|<1.0&1.2< p,<54 GeV/c

T

o
.22
......................................... S . I
Py 0
03 —GY=484+073m!
)
S G. = -0.4|5 +065m; -
10 102

Vsu (GeV)

STAR, Nature 614, 244 (2023)

Sep. 12, 2026

0.02} not * poo’/2+poo*~1/2 ]
e STAR Preliminary, ¥; -
0.01F i o ]
e STAR Preliminary, ¥,
T 0.00} \ =
Q [ 0 ¢
[5) < L]
ia [
-0.01F ¢ .
-0.02 .
_0.03 [k 1 ' L 1 L L L | L 1
10 20 a0 100 200
snN /GeV
TT] T 1T I TT\T [ TT1T 1T i T T 17 I T T 1T 1 T T 17T [ T
Re(p. -p. ) o}~ STAR Preliminary
10 ' 0-1 Au+Au 19.6 GeV
B 20-60% Centrality
lyl<1
Im(pw-poq) ‘@3 1.2< P, < 5.4 (GeV/c)
Re(p, ) =0 | o
1-1 o] .qu
Im(p, ) @ . .
Gavin Wilks @ SQM2026
11 | 111 | ‘ 111 | L1 11 I L1 1 | 11 |1 ‘ | - L |-
-001 0 001 002 003 004 005
SDME
Xin-Li Sheng 19



Spin alignment in beam direction

* Deriving off-diagonal element and spin alignment
in beam direction using present data

P?}% + pgo + P%O =1,

| T T I T T 1 T T | T 0.35 : T
| Au+Au 20-60% |Jy|<1.0&1.2< p,<5.4 GeVic | [ ]
0.4+ » ¢ (Out-of-Plane & 2"-Order EP) - 034L d
L ¢ ¢ (In-Plane & 2"-Order EP) & [ ITI |l| |T
l'j:'l =
. 033} Iy -
N, 032 .
o (]
o 0.35 h . . :
031 (] Significant negative ]
=l . : 4
040 deviation from 1/3 at
[ﬁ | ' 27 GeV?
I - 020 :
L —GY=464+073m" — L : ! : e T ' 1
0.3 (Sx} mﬂq 10 20 50 100 200
e G =045+ 0.65 m A
| L ! ! TR B R I SNN 1GeV
10 1o XLS, S. Lin, i ti
, S. Lin, in preparation
\'syn (GeV)

STAR, Nature 614, 244 (2023)
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General form of tensor polarization

®  Spin density matrix

1 1 1
NS4 SPM.S 4 STRY
P 3 3+ 9 - Y 7

e  Without loss of generality, we can study tensor
polarization when quantization direction is along -axis

n;
7?? — R@kRﬂm R = n- 1 1 14 5) 1 n
1
kzz = —2Qi| | = 2 irreducible tensor under SO(3)
1 1 Type Examples Pairty
n :———Tn =an . m a ajpv
Poo 3 9733 i i Scalar T, ug, €, P, ou", G G even
Pseudoscalar s, V- A odd
o T larization irt Polar vector u, V7', Vu, a, E, E¢ odd
ensor polarization is pairty-even e = B.B° —oon
Pairty-even tensor O(ij)s V(S)Vj(f), AS)AE? even
Pairty-odd tensor Vi) odd
* Fields in meson’s rest frame
21
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General formula

* General formula for tensor polarization

Z o odc
]Q',j = krTy; + kar (AT + € ArT) + kv (€ VeI + € Vil )
L ()@ | p@pY _ L m()p@)
TRTT [5 (Ti,rf 1y + Lo Ly ) - §5é.kaz Iy

~ odd ~
+Rr 1" + Rvr (€ Veliy + €5 Vi Thi)

1 1
5 (T@kT;&?d + T?%idij) — 35@jT;€gT&dd]

+KTT [
e T;; includes bilinear combination of two polar-vector fields
1

35_?.’3.\[(1) V(2

L (1),(2 1) (2
5(%( )Vj( ) +Vj( )V@'( ))
b T-?:j includes §(M,AJ + V?A@) — :—35-?1_)‘\[ A

> Verify whether a formula for
e Scalar coefficients k7, kv, kar, and k7T spin alignment is correct

. N N N » Coefficient needs model
e Pseudoscalar coefficients &7, kyr, and KT calculation

Sep. 12, 2026 Xin-Li Sheng 22



Summary

®* Vector meson spin alignment

4==m) anisotropy of short-range quark spin correlation
€¢==m) strong-field fluctuations (vector meson field or color field)
anisotropy of quark/antiquark distribution

e Off-diagonal elements
¢mm) spin alignment in other directions

. 1 - % 1 n - 24+9) /2 .
Reﬁ?,—l = '2‘)0?;0 + Poo — 5 —\/Elm(p“fﬂ - Pﬁr,—l) =1- QP[('JUHN — Poo
; %48)/VZ _ 3 v _ 3 (7+2)/vV2 _ %
_QIm.ﬁi—l =1- Qﬁ[(m 2)/V2 _ %0 \/Z_’Re(pf[-, - .‘Og,—l) =1- 29[‘% — Poo

e  General expression for vector meson tensor polarization

Z _ dd dd
723‘ = krTyj + kar (€ ArTy; + €rArTi) + fvr (€ VT + € VaT0)

L/ (1)n(2) @0\ 1o )2
+RTT [5 (sz‘,k Tiy” + T 1 ) - §5é.kas Ty
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Thanks for your attention!!



Choices of quantization axis

1
Helicity (HX) o Bes Py 1)
Collins-S L[MM—T"—Z ] Yieam > 1
olins- Oper \/m ( y U, ) E(E+m) (p:r:: Py, pz) beam

A ) . —E—m
Gottfried-Jackson . T_np [(05 0,1) + pm(E a m? (Pes Do, pz)}
Production plane

1 roduction plane

E(_py’ Das 0) Ilf production pl ; 5
Out-of-plane f

(0, 1, 0) .

bl J b2

In-plane

(1: 0} O) |'/ ) / collision

ﬂ = centre ,JJ / quarkonium

Beam H ) of mass If / rest \

(0 0. 1) | / frame JJ / frame \L

P. Faccioli, C. Lourenco, J. Seixas, H. K. Wohri, EPJC 69, 657-673 (2010)



