
t Physics at the Super Tau Charm 
Facility (STCF)

Pablo Roig
Cinvestav

Mexico City
Mexico

CDR Volume I - Physics & Detector：𝐚𝐫𝚾𝐢𝐯: 2303.15790



STCF outstanding features for t Physics

• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 
data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.



STCF outstanding features for t Physics

• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 
data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.

From BES-III t mass 
measurement, 1992&1996 using 
4.3pb-1 of near threshold data



STCF outstanding features for t Physics

• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 
data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.

From BES-III t mass 
measurement, 1992&1996 using 
4.3pb-1 of near threshold data



STCF outstanding features for t Physics

• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 
data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.



STCF outstanding features for t Physics

• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 
data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.

• During the STCF operation, ~3x1010 t+t- pairs will be produced, an order (2) of 
magnitude more than at BaBar&Belle (BEPCII), but less than at Belle-II (~ 
4.6x1010 t pairs). A peak luminosity of at least 0.5x1035 cm-2 s-1 is crucial.



STCF outstanding features for t Physics

• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 
data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.

• During the STCF operation, ~3x1010 t+t- pairs will be produced, an order (2) of 
magnitude more than at BaBar&Belle (BEPCII), but less than at Belle-II (~ 
4.6x1010 t pairs). A peak luminosity of at least 0.5x1035 cm-2 s-1 is crucial.

• Accuracy of many t physics measurements is limited by systematics, so clean
STCF runnings at the production threshold can improve drastically present results.



STCF outstanding features for t Physics

• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 
data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.

• During the STCF operation, ~3x1010 t+t- pairs will be produced, an order (2) of 
magnitude more than at BaBar&Belle (BEPCII), but less than at Belle-II (~ 
4.6x1010 t pairs). A peak luminosity of at least 0.5x1035 cm-2 s-1 is crucial.

• Accuracy of many t physics measurements is limited by systematics, so clean
STCF runnings at the production threshold can improve drastically present results.

• In t+t- threshold production, the full kinematics can be reconstructed, so triple 
product asymmetries can be inferred (CPV).



STCF outstanding features for t Physics
• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 

data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.

• During the STCF operation, ~3x1010 t+t- pairs will be produced, an order (2) of 
magnitude more than at BaBar&Belle (BEPCII), but less than at Belle-II (~ 
4.6x1010 t pairs). A peak luminosity of at least 0.5x1035 cm-2 s-1 is crucial.

• Accuracy of many t physics measurements is limited by systematics, so clean
STCF runnings at the production threshold can improve drastically present results.

• In t+t- threshold production, the full kinematics can be reconstructed, so triple 
product asymmetries can be inferred (CPV).

• At threshold, hadrons would be monochromatic in two-body tau decay: precision 
in t- → (p/K)- nt (LU).



STCF outstanding features for t Physics
• Within the collider energy range (3-7 GeV), running at 3.670 (Why not also some 

data in [3.55,3.60]?) GeV produces e+e- → t+t- close to threshold, allowing for 
precision t physics studies. Additional useful data at higher E's is foreseen.
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• In t+t- threshold production, the full kinematics can be reconstructed, so triple 
product asymmetries can be inferred (CPV).

• At threshold, hadrons would be monochromatic in two-body tau decay: precision 
in t- → (p/K)- nt (LU).

Additional benefits from polarized e- beam in phase II
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t Physics opportunities at STCF: Mt (& Gt?)

Precise knowledge of Mt is crucial for LU 
tests, that depend on (Mt/ml)5.

Also important for lepton & hadron tau 

decays BRs & aS determination.

1-3 orders of magnitude more ts 
at SCTF than at BESIII.

With improvements in particle ID & E measurements, systematic uncertainty can be reduced by a factor ~10. Better than 10ppm!

It is not yet clear if STCF will be able to reach the precision of +0.53+0.33 fs on Gt obtained by Belle (Belle-II will improve it, with 
systematically dominated uncertainty).
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t Physics opportunities at STCF: am

QCD

QCD

HLbL
HVP

Keshavarzi-Nomura-Teubner'20, see also Davier-Höcker-Malaescu-Zhang'20 & WP'20
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e+e- data-driven
t data-driven

Lattice QCD (From Masjuan, Miranda & Roig '23;
see Colangelo, El-Khadra, 
Hoferichter, Keshavarzi,

Lehner, Stoffer & Teubner '22)

~4s away from am
exp

~2s away from am
exp

QCD

QCD

HLbL
HVP
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(Miranda & Roig '20)



t Physics opportunities at STCF: am

STCF will help here with improved measurements of e+e- -> hadrons & of t -> nt hadrons.

I foresee that by the STCF times, it will be a precision competition with lattice QCD
(compatible different SM predictions) to benefit maximally from the final FNAL result.
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SM:
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t

Belle did not find any hint of CPV in a binned FB asymmetry analysis, but precision is not enough to disprove BaBar, which should 
be possible at Belle-II & STCF (ACP~O(10-4) within reach, Belle-II Physics Book '18 & Sang et al., '20).

It is impossible to explain this anomaly by heavy new physics (Cirigliano-Crivellin-Hoferichter, Rendón-Roig-Toledo, Chen et al., ...)

Triple product asymmetries can be measured @ STCF for the related channels t- → (p- p0 KS/K- p0 KS/…) nt & provide
complementary information. This can be extended to 2-meson decay channels with polarized e- beam.

Greatly benefitted from polarized e- beam in phase II

in the SM





Also important other channels: t -> l a, t -> l p0 p0, t -> l  ,  (Passemar, Roig, ...)



t Physics opportunities at STCF: 2nd class currents
Belle-II Physics Book



t Physics opportunities at STCF: 2nd class currents
Belle-II Physics Book

ph,ph'



t Physics opportunities at STCF: 2nd class currents
Belle-II Physics Book

ph,ph'

However, SM predictions vary substantially (Descotes-Genon&Moussallam, Escribano&Gonzàlez-Solís&Roig,...) and 
measurements have challenged B-factories so far (first need to control the unsuppressed t->pphnt decay)
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Cirigliano et al., Roig et al., ...
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