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Relativistic heavy ion collision
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Spin polarization

reaction plane
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Spin polarization
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Spin polarization
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Spin polarization
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+ Nonlocal nucleon-nucleon collisions

o Wave packet description for NN — NAK scattering
o Lagrangian and polarized cross section

+ Numerical results
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Nonlocal scattering

Wave packet description

The nucleon is described as
Gaussian wave packet

. P
P y3/4 Y
C >bI <® o (k; — p;) = (8(%3)/2 exp {_ (k; asz) }
p >

The orbital angular momentum can
be converted to spin polarization

Nonlocal nucleon-nucleon collisions
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Nonlocal scattering

Wave packet description
2 — 2 scattering
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(Not well-defined in 2 — 3 scattering)
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Jian-Hua Gao et al., Phys.Rev.C 77 (2008) 044902
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Nonlocal scattering

Wave packet description
/ 2 — 3 scattering
\ Final state Initial state
\4\ /x (plane wave) 13D (wave packet)
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Phys. Rev. C 100, 064904 (2019) X Y M (i, s1ika, 52— {pg,rs}) M7 (KL, s13 ks, 2 = {pg,75})

51,582

<

The wave packet description can describe any n - m scattering, but
the integral dimension is very high.
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Nonlocal scattering

Wave packet description
We assume a < m, and only keep the leading order of the packet width «.
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Lagrangian and polarized cross section
Chiral perturbation theory (ChPT)

ChPT Lagrangian for baryon-meson interaction
— /. D_ — ) —
Lowpr = Tr |B (i — My) B| — 5 Ir [By*vs {u,, B}] — 51T [ By"5 [uy, B]]

lLeading order and next-to-leading order
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- — [T _ g T
T (B ([, 96)], B l b = g G =anntelt mao,
81 BB¢ vertex Wy = 4 [u‘L (0, —iry)u —u (0, —il,) fu,‘L] :
- /

BB¢@ vertex

S. Scherer and M. R. Schindler, A Primer for Chiral Perturbation Theory
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Lagrangian and polarized cross section

NN —» NAK cross section
pp - pAK* (7 diagrams)

- KT

pn — pAK® (12 diagrams)
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iMIf,n (k1,81;k2782 — pN,T'N;PA,T'A;pK)
_ _ 1
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Because of isospin symmetry, the cross section of pn - nAK* and nn - nAK® are
exactly the same as the cross section of pn —» pAK® and pp — pAK™* respectively.



Lagrangian and polarized cross section

NN — NAK cross section
In near-threshold approximation (NTA), we have pPn,PA, Pk <M
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+ Numerical results
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Numerical results

Structure in the Au-Au collision

Sum over all the nucleon-nucleon collisions in an Au-Au collision

/ " \
—pAKT
oo | ommmme g
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pol

d
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P 7ol Y, -y (1) i (22) 4 0 (51)  (52) ((j—g)f“ : (j—;‘))fmﬂ .
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n s (1) = 20 (r — R) i (r) = ——L5

V 1 4+ exp (T;DR)
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Numerical results

Uniform model

Woods-Saxon model (Glauber model)
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Numerical results

Near-Threshold Approximation (NTA)

8 ! . ' 8
I | | / e pp—pAK T . \
—pAKT _142p2
(C[b)pol - Cﬁgl 8 EZ% _Tn?\’]SpaCe6 4 b X 50{2b.7;
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The near-threshold approximation works well enough for collision energies less than 3GeV.
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1. The A hyperons in low-energy heavy ion collision may be produced by
nucleon-nucleon collisions directly. We calculate the spin polarization of
A hyperon in nonlocal nucleon-nucleon collision.

2. The nonlocal collision can be described with wave packet.

3. The numerical results with Woods-Saxon model (Glauber model) is
consistent with the experimental data within 1~2 o deviation.

4. The near-threshold approximation works well enough for collision
energies less than 3GeV.
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Outlook

1. For more precise result, the contributions from vector mesons (p, o...)
and resonance states (N*, A*...) should be included.

2. For Au-Au collision at /Syy = 2.4GeV, the process NN - NAK is

forbidden. We should probably consider the multi-body scattering process,
like NNN - NNAK.

L |
= I PRC103 (2021) 3, L031903, HADES p €[0.2,1.5] GeV/c ye[-0.5,0.3]
'—<‘ | Au+Au, b=6fm, |y|<0.5 Au+Au: Ag+Ag:
o gl— mehadronic EoS m  10-40% e 10-40%
B m—— Crossover EoS O 20-40% O 20-40%
e~ 1PT E0S
- STAR 20-50% p_e[0.5,6.0] GeVic n|<1
B PRC104 L041902 (2021), o Pel 1 Gevie nl
B Au+Au, b=5fm, |y|<1, p c[0.4,2.0] A PRC76024915(2007)
6 e AMPT model X Nature548 62 (2017)
B ¥ PRCO98 014910 (2018)
- ALICE 15-50% p. [0.5,5.0] GeV/c |y|<0.5
41— 4 PRC101 044611 (2020)
L STAR 20-50% p [0.7,2.0] GeV/c ye[-0.2,1]
L + PRC104 6, L061901 (2021)
2 —
B 4 v|
o—------=-"=-""-"="="="="—"-"“- - - - - - - $
- 1 | 1 1 L1 1 111 | 1 L1 1111 ‘ 1 | I 1
1 10 10? 10°

Vs - 2my [GeV]

Yi-Liang Yin  2026/07/16 A polarization from nucleon scattering 21/21







Back up

The constants in the cross section

I _ 1 / d*pn d’pr
space F(]6 (271')3 2EN (271-) 2EK 27'{' QEAS ,89

(7 o [_2(K1—pl) +2(Ky —p2)> + (5k2+§ia2b) ]

/ d3K1 d3K2d36k2
2E

X
b a?

x (2m) & (6K + 6k9) (2m)* 6 (pn + pr +pa — K1 — Ka)

oM = e [— (A7) 43 (AF7)” + 2477 47|

PPN = dmmy [3(AT) +3(AF)° + 247 A7 |

tot -

0 |
O = g [ATAT 4 (AT)E 4 (AR ARMAT 4 AT AR 4 AT AT
I = dmamiy [(AT)? 4 (AT 4 (AZ") 4 (AF")? — AT"AT" — AT AT 4 AT AT 4 AT AT

Yi-Liang Yin  2026/07/16 A polarization from nucleon scattering 23/21



	幻灯片 1: The spin polarization of 开始 公式 大写 lambda hyperon from nucleon-nucleon scattering
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22: Thanks
	幻灯片 23


  Λ


    10 5 ℏ


    10  18


  Λ


   Λ -


  Λ


   Λ -


  N N → Λ …


  Λ


  N N → N Λ K


  𝑳 ~ 𝒃 × 𝒑 → 𝑺


  𝟐 → 𝟐


  2 → 3


  𝟐 → 𝟑


  p


  − p


   k 1


   k 3


   k 2


  n → m


  𝜶 ≪ 𝒎


  𝛼


  B B 𝜙


  B B 𝜙 𝜙


  𝑵 𝑵 → 𝑵 𝚲 𝐊


  𝒑 𝒑 → 𝒑 𝚲  𝑲 +


  𝒑 𝒏 → 𝒑 𝚲  𝑲 𝟎


  𝒑 𝒏 → 𝒏 𝜦  𝑲 +  


  𝒏 𝒏 → 𝒏 𝜦  𝑲 𝟎


  𝒑 𝒏 → 𝒑 𝜦  𝑲 𝟎  


  𝒑 𝒑 → 𝒑 𝜦  𝑲 +


  𝑵 𝑵 → 𝑵 𝚲 𝐊


  𝑳 ~ 𝒃 × 𝒑 → 𝑺


  𝛼 = 1   fm  − 1


  R = 6 . 38 fm


   a 0 = 0 . 535 f m


   n p = 79


   n n = 118


  D = 0 . 8


  F = 0 . 5


  𝜎


  Λ


  Λ


  𝝈


  𝜌


  𝜎


   N ∗


   Δ ∗


     S  N N = 2 . 4


  𝑵 𝑵 → 𝑵 𝜦 𝑲


  𝑵 𝑵 𝑵 → 𝑵 𝑵 𝜦 𝑲

