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Prospects for ete™ — 7

T

Entanglement could be seen not only in tops but also in taus at Bellell and a future FCC operating in the

Z-pole (Ehataht et al. 2024,M. Fabbrichesi et al. 2024) using hadronic polarimetry.

Can photon decoherence occur in this scenario? Let’s explore it!

e Offers efficient polarimetry
~
W4 — eteT w1y = Tt vy |(TT = Ty
Apparently, ISR is not a problem for this type of analysis
i o+ (note: suppressed by central region cut at Belle 2, naturally
e

suppressed at Z-pole)




Prospects for e" e~ — 7777~ : Belle II

Experimental setting: Tomography produced for 10M events, Reweight produced for 1M events, non polarized electron beams

Angular cut applied in order to increase the entanglement per bin __, COS(QTﬂLT?RF) — k?T «Z Z=1(0,0,1) [in -+ -rest frame]
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No signs of a tauonium singlet entanglement peak induced by hard photon radiation
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Prospects for e" e~ — 7777~ : Z-pole

Experimental setting: Tomography produced for 10M events, Reweight produced for 1M events, non polarized electron beams
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Prospects for eTe™ collisions: pT cut analysis

Now, we will focus on an experimentally-driven analysis, examining how entanglement scales with different pT
cuts applied to the FSR (gluon in tops - photon in taus)

Experimental setting: Tomography produced for 1M events, non polarized electron beams
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Decoherence exhibits a quasi-linear dependence on the pT cut applied



Prospects for eTe™ collisions: pT cut analysis

Now, we will focus on an experimentally-driven analysis, examining how entanglement scales with different pT
cuts applied to the FSR (gluon in tops - photon in taus)

Experimental setting: Tomography produced for 1M events, non polarized electron beams
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Detection of FSR induced decoherence in eTe~ collisions

Quantum observables for decoherence

We have defined four observable that match decoherence:

AC|p] = Clpl(tt) — Clpl(ttg) -

R, — C100) :

Clp)(tt)

Conditions for decoherence

AD, = D, () - D, (tfy) :

D, (ttg)

Rp

\/

" D, (t)

AC[p] >0 )

Repp <1

AD, >0

RDn<1

We are going to calculate
the significance for this
conditions being fulfilled

in experimental achievable

scenarios



Detection of FSR induced decoherence in eTe~ collisions

Significance for the detection of these decoherence conditions

eve T =it

Machine [ Ldt Final state # tt events D, [tt]: ete” — AD,,[tt] significance Rp, = D!9/D!  significance
[ab~! tt ttg ttg — tt (AD,, > 0)

linecar ete 8 ee, i, e 10° x 4%  -0.421  -0.351 (pr > 35GeV)  0.07120.019 0.831+0.045

(LCF) 8 I & e + jets ') l)(’ x 19%  idem idem idem=0.009 idem=0,023

Vs = 500 GeV 8 all channels 5-10° x 30%  idem idem idem=0.008 idem=0.022

linear ete 8 ee, pp, efl 108 x 4% -0.500 -0.343 (pr > 175GeV)  0.157+0.036 0.687£0.071

(LCF) 8 W & e + jets 10% x 19% idem idem idem=0.017 idem=0.028

Vs=1TeV 8 all channels 10° x 30% idem idem idem=0.015 9.980 idem=0.033

Machine FEdt Final state # tt events Cltt]: ete~ AC significance R= C"9[tf]/C"[tf] significance
[ab™!] tt ttg tt — ttg (AC[t] > 0) (R<1)

linear ete™ 8 ee, [ijL, ep 5-10 x 4%  0.133  0.026 (pr > 35GeV)  0.10540.026 3.8lg 0.207£0.194

(LCF) 8 lll&(r.,u +jets 5-10° x 19%  idem idem idem=-0.014 m idem=0.107

Vs = 500 GeV 8 all channels  5-10° x 30%  idem idem idem=0.013 @ idem+0.104

linear ete™ 8 ee, [ijL, ep 10% x 4% 0.248  0.017 (pr > 175GeV)  0.225+0.038 548 ¢ 0.06840.151

(LCF) 8 W &e.p + jets 106 x 19% idem idem idem=+0.0225 10.3 idem=-0.083

Vs=1TeV 8 all channels 10% x 30% idem idem idem=0.021 10.48 ¢ idem=0.078




Detection of FSR induced decoherence in eTe~ collisions

Significance for the detection of these decoherence conditions

ete” > 1t (17 > vy

Machine NG [ Ldt # tt events Dyt ) ete” — Dyl significance Rp, = D77 7/DZ’™  significance
[GeV] [ab™] o T ‘T'+T_"; -7t~ (AD, >0) (Rp, <1)
Belle 1T 2025 10.579 0.5 5 x 103 -0.818 -0.488(pr > 2GeV) 0.331£0.011 28.8¢ 0.596+£0.014 289¢
Belle II Tarjet 10.579 50 5x 1010 idem idem idem=-0.002 288 o idem=0.001 2890
Z-pole (GigaZ) GeV 91.2 0.1 108 -0.911  -0.5846(pr > 20GeV) 0.32740.018 67.5@ 0.641 (7.54(7
Z-pole (TeraZ) 91.2 300 2% 10 idem idem idem=0.0006 958 o idem=+0.0003 960 o
Machine Vs e FHa5r Clrtr~): ete > ACH* | significance R=C7 T 7/C™T™ significance
[GeV] [ab™'] events 7t7 T Tt —gtr~y (AC[rtr~] >0) (R<1)
Belle IT 2025 10.579 0.5 5x 108  0.726  0.234 (pr > 2GeV) 0.492+0.017 (20 0.323+ 279¢
Belle IT Tarjet 10.579 50 5 x 101 idem idem idem=0.002 277 o idem=0.002 2790
Z-pole (GigaZ) GeV 912 0.1 108 0.858 0.381 (pr > 20GeV)  0.477+0.029 16.320 0.4440.034 16.40 5
Z-pole (TeraZ) 91.2 300 2 x 101! idem idem idem=0.0005 895 o idem=0.001 8640




Thanks for your attention!!
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