T Physics Opportunities at Super Tau
Charm Factory (STCF) in BINP
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Disclaimer: Mainly highlights, not
comprehensive. See SCTF CDR;
talk by S. Eidelman in the SCTF

meeting Dec. 2017; HFLAV
Eur.Phys.J. C77 (2017) no.12 and
A. Lusiani recent talks, 895; Pich

A. Prog.Part.Nucl.Phys. 75 (2014)

41-85 and references therein.
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Cinvestav, Mexico City, Mexico



STCF outstanding features for t Physics

e Within the variable energy range of the machine (2-5 GeV), running at ~ 3.554 GeV produces e*e” - t*1 close to
threshold, allowing for precision tau physics studies with ~ 50 fb! dataset (10° ts).
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STCF outstanding features for t Physics

Within the variable energy range of the machine (2-5 GeV), running at ~ 3.554 GeV produces e*e” - 1*1" close to
threshold, allowing for precision tau physics studies with ~ 50 fb! dataset (10° ts).

During STCF operation ~ 2.1x10%° t pairs will be produced, an order of magnitude more than at BaBar&Belle, but
less than at Belle-1l (~ 4.6x10%° T pairs). A luminosity of 10%> cm2 s is crucial.

Since the accuracy of many 1 physics measurements is limited by systematics, clean STCF runnings at the
production threshold can improve drastically present results.

STCF having polarized initial beams makes non-vanishing average polarization of a single t, which is a key
advantage compared to B-factories.

In t*1" 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 - (n/K) v_(LU).
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T Physics Opportunities: Chargec
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Backgrounds are
much smaller @STCF
than at Belle-Il. Even
with less data more
stringent limits can
be achieved !!

(t > pywithete >t 1Y)

= CLEO
v BaBar
+» Belle
LHCDb
e Belle ll
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T Physics Opportunities: CPV

F(T+ — 7T+KSDT)

F(T_ — W_Ksu,-)

Ar = T S Ksoy)

vs BaBar measurement: AT = (—036 ]

T Physics opportunities @ STCF in BINP

F(T_ — W_KSI/T)

- 0.23

- 0.11)%

APM ~ 9Re(€) ~ (0.36 -

- 0.01)%

Pablo Roig



T Physics Opportunities: CPV

F(T+ — 7T+KSDT)
F(T+ — 7T+KSDT)

(r™ = Ksvr) AEM ~ 2Re(e) ~ (0.36 + 0.01)%

F(T_ — W_KSI/T)

A, =

vs BaBar measurement: AT — (_036 + 023 —+ 011)% which is, however at odds with the measurement of
A _ I'(Dt—=ntKg)-TI'(D™—7n~ Kg) A . (_O 41 L O 09)(7
D = T(DF¥=n+Ks)+I(D-—n—Ks) D —= 2L LU 0

In agreement with SM
< 1'/ £ 1D
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T Physics Opportunities: CPV

 T'(rT - 7" Kgv,) —T'(t7 = n~ Kgsv;) SM N L
s ASM ~ 9Re(e) ~ (0.36 + 0.01)%
(

vs BaBar measurement: AT — (—0.36 +0.23 + 011)% which is, however at odds with the measurement of
_ I'(Dt—=ntKg)-TI'(D™—7n~ Kg) L e
Ap = Do Ko TD om Ke) A — (—0.41 £ 0.09)%
A A In agreement with SM
7 —L1])

Triple product asymmetries can be measured @ STCF for the related channels T - (" 7% K;/K ° K /...) v. & provide
complementary information.
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T Physics Opportunities: CPV

Belle Coll. has also searched for CPV through a possible difference in the t* angular distributions
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t Physics opportunities @ STCF in BINP needed to clarify the compatibility between

Pablo Roig
the BaBar and Belle results.



T Physics Opportunities: M, & LU tests
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be reduced by measurements at a STCF.
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T Physics Opportunities: M, & LU tests
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Universality of W couplings to leptons in the SM

LU tests dominating uncertainties: B_, ., T, & M, which can
be reduced by measurements at a STCF.
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T Physics Opportunities: M, & LU tests
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/ 273

Universality of W couplings to leptons in the SM

0.1790 -
LU tests dominating uncertainties: B ., T. & M_, which can
il b ’ 0.1785 1 : t :

be reduced by measurements at a STCF. .

= 1

(O]
Other interesting LU tests can be performed comparing to T 047801
n/K decays and also using semileptonic t decays and W ‘@
leptonic decays (hints of several anomalies appear: 0.1775+
T =2 (WK) v vs. (WK) Spv,; W=t v vs. W= (we) v).

0.17704 ‘Spring 201 7\

It can be measured with - -~ e .
particular precision at STCF!! t(fs)
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Inclusive t decays with

T Physics Opportunities: ol & Vo e mmeererieen:

‘Non-strange’ decays
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Inclusive t decays with

T Physics Opportunitiesys & V[ oddnumberofaons
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T Physics Opportunities: o & V.
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T Physics Opportunities: o & V.

* The spectral functions for these inclusive processes were measured by ALEPH & OPAL but not by BaBar & Belle systematically.
Hopefully Belle-11 will do it. Anyway, STCF results will be crucial to improve the determination of these SM parameters.
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T Physics Opportunities: o & V.

* The spectral functions for these inclusive processes were measured by ALEPH & OPAL but not by BaBar & Belle systematically.
Hopefully Belle-11 will do it. Anyway, STCF results will be crucial to improve the determination of these SM parameters.

* 0 (M,) benefits from the running to M, to become the 2nd best determination at the reference scale.

* V, determination from t decay data is dominated by systematic uncertainties (opportunity for STCF).
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K., PDG 2016
0.2237 + 0.0010

K, PDG 2016
0.2254 + 0.0007

CKM unitarity, PDG 2016
0.2258 + 0.0009

t — sincl., HFLAV Spring 2017
0.2186 + 0.0021

T — Kv /1 — nv, HFLAV Spring 2017
0.2236 + 0.0018

T average, HFLAV Spring 2017

0.2216 + 0.0015
‘Spring 2017 \
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T Physics Opportunities: Low-E QCD

| | | ] ]

(M_0)>

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

(GeVIc?)?

- - -
(= (= o
- 5} (o)

Number of entries /0.05(G(3V/02)2

-
(=
w

10

10

T > 7 1’ v Jallows to

measure p, p’, p”’ mass
& width precisely

PR IR SR T SR N T SR ST S N S S T

* Data E
— G&S Fit '

" Belle

P70y T Paasoy T Pazon)

05 1 15
(M,,.0)



T Physics Opportunities: Low-E QCD
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T = (nnm)

T Physics Opportunities: Low-E QCD

allows to measure a, (a,’) mass & width precisely

(BaBar t - (hhh) v_
spectra unpublished)

(Belle T > h'’K% v,
spectra unpublished)

Still ALEPH data, & CLEO’s is the most
/complete dataset: New data needed!!
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T Physics Opportunities: EFT analyses
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e EFT provide with a model independent analysis of (heavy) NP and can be applied to both leptonic and semileptonic t decays.
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T Physics Opportunities: EFT analyses
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e EFT provide with a model independent analysis of (heavy) NP and can be applied to both leptonic and semileptonic t decays.

(Vﬁ))\rngw

» Although Michel parameters measured in u decay are unbeatable (but for 1), additional parameters accessed through
radiative decays can be most precisely extracted from t decays (including polarization at STCF).

* Analogous analyses in semileptonic T decays provide competitive limits on non-standard tensor (t - nnv.) & scalar (t -

nnv,) interactions. Discovery of SCCs (SM) in t - nrv_ s still awaltlng.us.. BR,, < 9.9 % 1075, 95% CL
BaBar limits

BRyx < 721076, 95% CL

Pablo Roi
Completely dominated by bkg, so improvable @ STCF !! '8
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T Physics Opportunities at Super Tau
Charm Factory (STCF) in BINP

Damping wiggler

(&

Not discussed though important: Had Tt decays as input for
aHHVP; T AMM, EDM & WDM, t production in D decays, ...

Pablo Roig
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