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:)- Background

SM has achieved great success;
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Standard Model of Elementary Particles
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There are many interesting physics about leptons.

three generations of matter interactions / force carriers
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> T physics
1.777 GeVic?
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« Mass ~1.777GeV; Lifetime~10"13s ;
« Connect SM with new physics;
» Higher order electroweak corrections enhance the

precision of theoretical predictions.

Experiment
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T physics has been studied on experimental platforms
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Decay properties &
Production cross sections
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Polarization &
Spin correlation
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Pb-Pb UPC Lepton collider
Z* enhanced cross-section The environment is clean
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> Research status xperiment S ENZ
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T physics has been studied on experimental platforms
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Decay properties &
Production cross sections

™~ describes polarization and
spin correlation
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characterize Polarization &

Spin correlation
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NLO QED &NLO EW with
T-pair has been
studied

Pb-Pb UPC Lepton collider

Z* enhanced cross-section The environment is clean

JHEP 10 (2025) 217, JHEP 02, 023 (2025), Phys. Rev. D 111, 036023 (2025)







;)- Calculative framework

For Pb-Pb UPC :

Oypc/LC = J dx;dx;n(x)n(x;) o(yy > 17 17)

For lepton collider:
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:)- Calculative framework A f 7, g
Y(p1) +v(p2) = v (ky,s1) + 17 (ky, 55)
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:)- Calculative framework J:”I LT i
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Y(p1) +y(p2) = 77 (kq,51) + 17 (ky, 52)
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;)- NLO EW corrections L ENZ

Y(p1) +y(p2) = 77 (kq,51) + 17 (ky, 52)

dimentional regularization with D = 4 — 2¢
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> Production density matrix

R = ‘ijl@]l ‘I‘B;— Ui‘@ﬂ +Bi_ ﬂ@ﬂ‘i —l-éi'jﬂ'i@cl‘j

{#, k, 1}

« k : the flight direction of the T~;
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;>- Cross section

\/SNN [TBV] TLO [IIlb] (SO'NLO [IIlb] TNLO [IIlb] 5[%]
5.02 0.940 855 x107%  0.949  0.909
Pb-Pb UPC
5.36 1.003  9.44 x 1073 1.012  0.941
5.2 1.030 9.93x 103 1.040 0.964

\/g [GEV] TLO [I’lb] (SI’J'NLO [l’lb] ONLO [Ilb] ) [%]

250 0.5090 4.182 x 103  0.513
380 0.5350 4.178 x 10~3  0.539
1500 1.028 5.613x 1072 1.034

etecollider

-----------------------------------------------------------------------------------------------------------------------------

3000 1.340 3.499 x 10™*  1.344

0.821
0.781

\/: [TeV] oo [nb]  donro [nb]  onxvo [nb] § [%]

3 0.4990 1.807 x 1072  0.501

-0.441

10 0.8290 —3.656 x 1073 0.826

0.362

In Pb-Pb UPC:

NLO EW contribution grows with the increase of \/syy;

Total cross section at NLO about 1 mb ;

In lepton collider:

NLO EW contribution decreases with the increase of +/s;

et e~ collider has superior observability over

putu~ collider at equal +/s.
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> Spin correlations

VNN [TeV]| Cap | Cpp | Con | Cor | Cri

0 LO |-0.0213|-0.3281|0.0199|-0.2998

NLO|-0.0214-0.3230|0.0195 |-0.2956
| 1O [-0.0192|-0.327310.0214)0.2968
30 INL0|0.0193]0.3223]0.0210]-0.2026
r LO |-0.0183|-0.3270/0.0221|-0.2955
"2 NLO |-0.0184|-0.3220|0.0216|-0.2913

Pb-Pb UPC

Vs [GeV]| Cap | Cpp | Crn | Crr | Chi

050 LO {0.0335(-0.3090{0.0580|-0.2183
NLO|0.0334-0.3070]0.0579-0.2167

| LO {0.0514/-0.3030{0.0695 |-0.1909
350 NLO|[0.0513(-0.3012]0.0694 |-0.1893
1500 LO {0.0705(-0.2973|0.0796 |-0.1604
NLO|[0.0703|-0.2956 [0.0795|-0.1590

| LO {0.0763(-0.2956|0.0825|-0.1512

3000 NLO|0.0756(-0.2938 |0.0824 |-0.1506

ete collider

VS [TeV]| Cap | Cpp | Cun | Crr | Cii
‘ LO [0.0743]-0.2905|0.0799(-0.1515
’ NLO|{0.0737(-0.29440.0814{-0.1536
10 LO [0.0821]-0.2938|0.0853(-0.1419
NLO|0.0799]-0.2921]0.0852(-0.1533
putu~collider

C.» show an energy-dependent transition from antiparallel spins near threshold to helicity-

aligned at high energies;

The spin correlation is strong in the normal direction;

Spin correlation along the beam direction is generally suppressed;

NLO EW corrections produce small numerical shifts and do not alter these qualitative features.




;)- Quantum entanglement ”"‘ Vo f 7 Z
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Concurrence:

1 1 Ci1+Cr, +C tr[C
C(p)=—E(1+611+CZZ+C33)=—E(1+3D) p=-4 ;2 33 _ :E]

1
entanglement: -1 < D < —3

* No entanglement remains after integrating over

the full phase space !



;>- Quantum entanglement ”“ o f 7 g
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Concurrence:
1 1 Ci1+Cyr +C tr|C
C(p) — 2 (1 i Cll i CZZ i 633) = 2 (1 i 3D) D = L 322 33 = 3[ ]

1
entanglement: -1 < D < —3

D (LO) .
—= D(NLOEW) —

[ S
e

* Near threshold, the 185, state yields antiparallel

spins and an entangled configuration.

* NLO EW corrections slightly reduce the near-

threshold entanglement.
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1. Westudy y y » tr1~ process including T+t~ spin information in Pb-Pb UPC and at lepton collider;
2. We provide the predictions for the corresponding cross section and the spin correlation coefficients;
3. No entanglement remains after integrating over the full phase space, while near threshold the system
forms an entangled S, state with antiparallel spins;

4. NLO EW corrections slightly reduce the near-threshold entanglement.

Thanks !




