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Outline

O Introduction

O CP asymmetries in T —» K¢ntv, decays within the SM

O CP asymmetries in T —» Kgntv, decays in a general EFT

rate __ r(7_+ — [7T+7T_]“KS” 7T+D7') - r(T_ — [7T+7T_]“KS”7T_I/T)

Acp = -

O Summary M(rt = [t r kg w4 0r ) + 177 = [mh 7 [okg = vr)
/ \ BaBar Collaboration, PRD 85 (2012) 031102

» commonly discussed decay-rate asymmetry [0 1 cosa {dzmd_ Sherun) it jmm)] e d s

AI‘CP — S1,i Y — s d cos & s d cos «
a - 3 d 1 2, 1 d2M(t— —Ksm—v,) d2M(tt > Ksmti,)

» CP asymmetry in the angular distribution 3 o f_l[ Fdora — t T Gdcsa ]dsdcosa

\ J Belle Collaboration, PRL 107 (2011) 131801

2024/01/16 Xin-Qiang Li CCNU CP asymmetries in tau -> K_S pi nu decays 2




Semi-leptonic (hadronic) tau decays

O Can be used to extract the fundamental SM parameters: a,(m,), mg, |V, ...

»S | T as(m;) = 0.323575015¢

T~ - d
I sy +had ~ Im \\K{\ 1 RGEl 2203.08271
inclusive v, ‘ : as(mz) = 0.1191 £ 0.0016

O An ideal low-energy QCD-testing laboratory: how QCD currents are hadronized, and

further information about the hadronic resonance parameters (Mg, I'z), ...

- Decay channel Resonances
Hadrons =520, p(770), p(1450), p(1700)
s 7~ = K™ Ksv, p(770), p(1450), p(1700)
% T o Ksmv, ™ K*(892). K*(1410)
) ST ' = —= Ky, K*(1410)
exclusive u é T — ’/T_T](/)l/q— 00(980)
O Offer further possibilities of studying CPV effects |[I. |. Bigi, 1210.2968; 2111.08126]
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Semi-leptonic (hadronic) tau decays

O For a general hadronic decay, the decay amplitude can be written as:

Gr 4
M(t - Hv,) = EVCKM [u, y*(1 —vs)u,] H,

ir QCD Jorge Portolés, talk @ tau04
H, = (H|(V, - A,)eer|0)
Form factor E<M,
o )L Fua?, ) o
=B 4 Lo Mg -0 ; A Chiral S t
: w il el symmetry Perturbative QCD
’ SU_(Ng) ® SUR(Ng)
Lorentz structure / ! \
_ _ ; ; Large Asymptotic behaviour of
strong interaction effects Chiral Perturbation Theory N, spectral functions
O Main tasks: determine these FFs - f v
P
Resonance Chiral Theory

Analytic functions

VF‘(1_-) OCD _
/\ AH(1++) } ‘C:sz - Z /ﬁtj Q(V:U,A#,H)

Dispersion relations

Unitarity I

Properties at different

Spectral functions
energy scales are related

Vector meson dominance
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Why 7 —» K¢ntv, decays
O Have the largest Br among semi-lep. decays with 1 kaon [D. Epifanov et al. [Belle], PLB 654 (2007) 65]

Br(t - Kgmv,) = (0.404 + 0.002(stat.) + 0.013(syst.))%
» The hadronic currents parametrized by two form factors:

Ji = Fy(q?) (g“” - %) (91— G2)v + Fs(g?)a", 9" = g1 + a5

a) — % b)
o N§ 103 ;G = 5
» The K*(892) alone not sufficient to - “(892) alone| 2 o
- 10% -
describe the K spectrum T B ’?*Wf <
E 10 f ﬁ E
> Fitted result with K*(892) + K*(800) + = 2
- 1 - : ' 10
K*(1410) model reproduces data well " s Gavet " VI

O Promising for searches for CPV both within the SM and beyond (.. | Bigi, 1210.2968; 2111.08126]
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Why 7 —» K¢ntv, decays
O Decay-rate asymmetry in 7 - K v, decays:

(7 — [7T+7T_]“K5” o) —T(r7 — [7T+7T_]“K5”7T_I/T)

Arate — ~
(7 — [rta kgt D) +T(7— — [mta— |k m17)
2 80 A%}ip = (-3.6+23+£1.1)x 1073 BaBar Collaboration, PRD 85 (2012) 031102
deviation ACP — (3.640.1) x 1077 I. Bigi and A. I. Sanda PLB 625 (2005) 47

Y. Grossman and Y. Nir, JHEP 04 (2012) 002

O CP asymmetry in the angular distribution of T - K;mrv_ decays

s2,i 1 d’I(r~ —Ksn~vy)  d*I(rt >Ksnor) V5 [GeV] ASE 5 11077] A, . [1077]
Ai fsl, f—l e |: ds d cos « ds d cos « ds d cos o .
CP — — 0.625 — 0.890 0.39+0.01 79+30+238
51 iV ds d cos ds d cos 0.890 — 1.110 0.04 + 0.01 18+21+14
Belle Collaboration, PRL 107 (2011) 131801 1.110 - 1.420 0.12 £ 0.02 —46+72417
1.420 — 1.775 0.27 +0.05 234191455

compatible with zero with a sensitivity of O(1073)
O Can be used to probe many BSM effects: H*, Leptoquark, ...
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T - K¢niv, decays within the SM

O Tree-level Feynman diagrams in weak interaction within the SM:

d )
0

- K

>

O According to the well-known AS = AQ rule, t~ can only decay into K°, while t* into K°

O In the SM, V. is real (no weak phase) & the same strong phase between the two CP-

related processes

e | A(7T = K77 5,) = A(r™ = K77 v,)
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T - K¢niv, decays within the SM

O Caution: due to kK° — K° mixing, the exp. reconstructed kaons are the mass (|Ks), |K;))

rather than the flavor (|K°), |[K°)) eigenstates

| EE—— K
)| K° —¢)|K° 2(1+ el : ' :
oy = LHIlED +( : KD g0y = T KD + K9], € characterizes the |
2L+ 1) amount of CPV in the
> 2 K°
g0y = LFIED —(A—IIKD) gy _ jg i ‘6)‘ ) 1K9) —|Kk9)] . neutral kaon system ’
2(1 + |el*) )
K,

O In the absence of CPV, € = 0, we have in the SM that : | A" = K'n'v) = Alr™ — K'7 v,

1K) = |K0>\7_|E0> PT(r~ = Kgpmve) 1 d°T(7~ = K1 vy) no CP asymmetries
: ds dcos -2 ds dcos -
ki =) 5 +S e L ) j cos (? __ . =) | in both decay rate &
| Kl 55 d°I(t7 = Kgpm'vy) 1dT(r7 = K'n"0;)
1K) = o ds d cos o D) ds d cos o angular distribution

O However, CPV in neutral kaon system well established: |¢| = (2.228 + 0.011)x1073
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T - K¢niv, decays within the SM

O Once CPV in K° — K° mixing considered, non-zero CP asymmetries appear in the decays
O Experimentally, the K intermediate states reconstructed via the 7"z~ final state

O When the kaon decay time is long enough, the 7+t~ final state can arise not only from
K, but also from K, due to the CPV in K° — K° mixing

L the interference between K¢ & K; amplitudes important for studying CPV!

O Time-dependent and doubly differential decay widths:

: - = S:the Km invariant mass squared;
Pr( > Kopmv - [t lnv,) _ T~ = Korw,)

ds dcos « ds dcos «
T (th = Kgpnto, = [ata7|nto;)  &PT(rT — K'nti,)
ds dcos « - ds dcos «

F([_(O(t) —7atn7),

— «: the angle between the directions

0 + -
D(K(t) =7 ), of K and T seen in the K7 rest frame

2024/01/16 Xin-Qiang Li CCNU CP asymmetries in tau -> K_S pi nu decays 9




Time-dep. CPA in the angular distribution

O Time-dep. CP asymmetry in

ACP (1 1) = fsslglz f11 CoS (v [% ttf F(t)L - (t) dt — dfzj fttf F, 4+, (t) dt} dw
the angular distribution: P i 1 [ g

. —
51,i dw ttf F)l - (t) dt + dEi ttf F(t)D i+, (t) dt} dw
(dw = dsdcosa)

<<COS )l + (cos a)[+> A?(P(tlatQ) + ((COS o) — (cos O‘>Z+>

» bin choice [Sl,ir SZ,i] B 1+ A?(P(tla t2> ’ Agf
> time interval [tq, t;] ~ .
; h . h Sy | 1 darm darm
> exp.-dep. effects parametrized by F(t) Eucgf;ayﬂtosvgf_ tjeLd<COS a>7+ _ fsl, J2ycosa [ do- T 7w } dw
! ! S T rt
to = 512,I f [dzw + dzw ] dw
ACP(t " ) t1 F(t) I:F71'+7T_ (t) - F7r+7r_ (t)} dt
1,12) = = : - T+
K L/"ttlz F(t) [Fﬂ-—}—ﬂ-— (t) + F,n.+,n.— (t):| dt-’-' CPA In kaon deCay ) X f5512’l fil Cos |:dzw . d(r]lw :| dw
s2i (1 [drr dFT dio cosa)f —(cosej = ) ) L Ldat ]y
ACP s1i 71 e S1,i Y — dw w
i T o . . = CPA in tau deca
=P 3
+ —
dr’ dlr” - -
| = :>A$ﬁ:0, (cos av); :(cosoz>,~Jr
O Within the - dw dw
At — K'7nt,) = A(r™ — K7 v,) —> U
SM: AST (11, t9) = 2 (cos )T ACL (11, 2)
2024/01/16 Xin-Qiang Li

CCNU CP asymmetries in tau -> K_S pi nu decays 10




Decay-rate asymmetry within the SM

O Within the SM, since A¢” = 0, the direct decay-rate asymmetry is exactly equal to A%°

T [ dtF(ET(K°(t) = ntn) =T, [} th(t)F(KO(t) = 7r+7r—)

A, ) = t _
T+ [,?dtF@)T(K°(t) = ntn™) + T [, th(t)F(K (t) — 7r+7r—)
ACP 4 A%P(tl, ta)

= = ASF (1,1
L+ AT AT (b 1) | E T

A (t1, t2): CPV in K° — K° mixing
AF (t < Fgl,rgl <ty <T7h) ~ —2Re(ex) = —(3.32 4 0.06) x 10~°

h<t<tb .
F(t) = Y. Grossman and Y. Nir, JHEP 04 (2012) 002
I 0 otherwise.

efficiency function F(t) provided by BaBar

ASn = (=3.6 + 2.3 +1,1)x1073

O 2.80 puzzle still there: SM =(3.6+0.1)x10™ 5 / [BaBar, PRD 85 (2012) 031102]
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Time-dep. CPA in the angular distribution

O Within the SM, CPA in angular distribution: |AS"(t1,t2) = 2 (cosa)] ASE (t1,t2)

AF () <« TG T <ty < T7Y) ~ —2Re(er) = —(3.32+£0.06) x 1072 as input!

Tt, H i [
O For (cosa); : depending on the two normalized FFs Fyo(s)=Fyo(s)/F.(0)
_ [, cosa ( dedI;;a> dcos
(cosa)™ (s) = B (dg?c;;a> deosa (K°(px )7 (pr) |37"u| 0) = |(px — pr)* — Aquu F+(3)+AKﬂq“Fo(8)

—2A k- Re[F1 (s)Fy(s)IAY2 (s, M2, MQ)
}7—;(5)’ (1+ ,ff) (s, M2, M2) + 3A% .

‘ ‘ due to interference between vector & scalar FFs

@ Vector form factor : the thrice-subtracted dispersion representation
D.R. Boito, R. Escribano and M. Jamin, Eur. Phys. J. C59 (2009) 821
2 3 s 5. (s) For CP studies, the Breit-
Fo(s) = A\ U e A / ds' i
+(5) exp{ —|—M2 + 5 ( + +)M:.— + o (S/)?’(SI—S—iE)

0 Hadronic

Wigner form is not applicable,

FFs: @ Scalar form factor : the coupled-channel dispersive representation . . ;
: M. Jamin, J.A. Oller and A. Pich, Nucl. Phys. B622 (2002) 279 as it violates Watson’s

theorem and unphysical!

Fo(s) = Z/ g5 DEVREE ) e s and 3= Kiy)

s/ —s—Je
j=1"%
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Time-dep. CPA in the angular distribution

O Numerical results for AP (t,, t,) in four mass bins: SM predictions still below the
Belle sensitivity of 0(1073), but

_ P _
Vs [GeV] ASMZ [1077] Ag‘p@ [107] ni/Ns %] expected to be detectable at
0.625—0.890 0.39+001  7.9+30+28 36.53+0.14
0.890 — 1.110  0.04 + 0.01 18421414 57.85+0.15 Belle II, with v70 times more
1.110 —1.420 0.12 4+ 0.02 —46+72+1.7 4.87 + 0.04 sensitive results!
1.420 — 1.775  0.27+0.05 —23+191+55 0.75+0.02

Belle-Il, PTEP 2019 (2019) 123C01

as large as the SM prediction for AF3° :
O Two more predictions: 00
F A5 =(.6+0.1)x107

-0}

(3.06 +0.06) x 1072, 0.70 GeV < /5 < 0.75 GeV
(1.38 £ 0.18) x 1072, 1.40GeV < /s < 1.50 GeV “oaf

-0.2f

(cos a)”

ASP (1, t0) = {

-04f

O Interesting to see if Belle II & STCF can measure the CP-

-05 P T T T T S |

violating angular observables in such two mass intervals?
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t* > K°(K°)n*v,(v,) in a general EFT

O When NP presents Al = K7t o,) # A(t™ = K7™ v,)
in tau decays:

’7'+ T B
d;w =+ dgw — Afﬁ #0, <COSa>IT == <COSoz>IT+

O CP-violating observables: [AZCP ~ ((cos a); + (cos oz}f) A + (<COS a)T — (cos oz>Z-T+ )]

A
O The most general SU(3), ® U(1),,,~-invariant low-energy effective Lagrangian:
GeVis |- _ A
Lo = — f@ {T%(l —s)vr - [y" — (1 —2€r)y" 5] s
+ T(1 —ys)vr - U[és — €pys] s +2&7 Topu (1 — s)vr - Ua’“’s} + h.c.
O Decay amplitude for = - K°n v,: M= My + Ms+ Mr

G VUS A%k Ak v
— f@ [L, H" + €SLH + 285 L, H"]
+ +

2024/01/16 Xin-Qiang Li CCNU CP asymmetries in tau -> K_S pi nu decays 14
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Tensor form factors

O Leptonic currents: O Hadronic matrix elements:
L = a(p, (1 +5)u(py), H = (w_WO | Su | 0) = Fs(s)
_— Akr
Ly = u(py, ) vu(1 = v5)ulpr) , H' = (r K | 59"u | 0) = Q"Fy(s) + g q" Fo(s)
Lyy = w(py, )0 (1 +vs5)u(pr) H* = (x" K | 50" u| 0) = iFr(s) (plpl — plipi)

O K tensor FF: due to lack of enough exp. data,

Fr(s) = Pr(0) exp {f * g or(s) }

T Jsi,  S'(s"—s—ie)

the once-subtracted dispersion representation

> for F;(0): obtained from the lowest-order yPT with tensor source

° EszT =M\ <tiy Fruw)—iAo <tiy uyuy) + Az <ti” tHHYY 4+ Ay <til/>2 ®,"

! 2 0. Cata and V. Mateu, JHEP 09 (2007) 078

PT
5L
Oty

(Koo

Ay, )
0> =iF—§(p;p;—p;p%) =) | F.(0) = A,/EZ, with A, = (11.1 + 0.4)MeV T

|. Baum et al., PRD 84 (2011) 074503
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Tensor form factors

O To account for the s-dep. of these FFs, we have included the two spin-1 resonances

K*(892) & K*(1410), both contribute dominantly to F, (s) & F;(s)

> Fr(s): obtained with RyT including spin-1 resonances

7/
/7
/
RxT ¢ 1 . %
o LoX = Lyin(V,)— ﬁ (f\/(VWﬁV)—i-/gV(VW[u“ , u”])) — f€ (Vi t) e
\
l Ecker, J. Gasser, H. Leutwyler, A. Pich, and E. de Rafael, PLB 223 (1989) 425 \ .
\
B T T/ \
FT(S):A_g 1+\/§ng‘/ 2S +\@fvg/v 2S
F2| Ay M3 —s Ay M. —s e
A TME. 4 p Fr(s) = Fr(s)/Fr(0)
M. + s s E -
=F M s M) eneldep Width () md kel (0)+Ps s
D(mg-,yk) D(mg,yg)

+0.75y: characterizes the relative weight
2

Feng-Zhi Chen, Xin-Qiang Li, Ya-Dong Yang,
of the two resonances, and plays the same role as y for F(s)

2024/01/16 Xin-Qiang Li

Xin Zhang, PRD 100 (2019) 113006
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Tensor form factors

O Combining yPT @ low s + RyT @ intermediate s =
+ asymptotic behaviors @ high s, we obtain the =

once-subtracted dispersion representation:

o0 /
Fr(s) = Fr)exp {2 [~ ay o)L 7
T Jsi,  S'(s"—s—ie) =
51(s) = {arctan[meﬂm], Ske < 8 < Scut ;\?
nrr, s 2 Scut

N/L/\J\Aasymptotic 1/s as dictated by pQCD

> in elastic region (below ~ 1.2 GeV), 6;(s) = 6.(s)
as required by Watson’s theorem [K. M. Watson, Phys. Rev. 95 (1954) 228]

> in inelastic region (above ~ 1.2 GeV), 67 (s) and &, (s) start to behave differently due to

the different relative weights of the two resonances K*(892) & K*(1410)
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CP-violating observables in the general EFT

O Decay-rate asymmetry: D(rt = K%to,) = T'(r— = K% v;)

A (r 5 Knu,) = =
cp ( ) I'(rt - KY7tv,) +T'(t— — K7~ v,)

2

q N 2
only vector-tensor interference _ Im[ér] GE|Vus|* Sew /mT dol1_m) 2
128 W3 m2 (1 — Kgmvr) Jsga

X |Fr(s)| [Fy(s)] sin [07(s) — 04.(s)] ,

as the only possible mechanism

Iml[és]

Im [F, (s)F (s)] — 2mlér]

mT(ms — mu) m, Im [FT(S)Fo*(S)]

O CPA in angular distribution: ,-{

both from scalar-vector and

scalar-tensor interferences + [G + (f;z[g_s]mu)) Re [Fy(s)Fg(s)] — 2R:7[T€T] Re[FT(s)FO*(s)]} A,CJ’} C(s)ds.

O Constraints on Re[é r|: more stringent from decay rates of various exclusive r decays

Re[és] = (0.873% +0.3)%, Re[ér] = (0.9 +£0.7 £ 0.4)%
S. Gonzalez-Solis, A. Miranda, J. Rendén and P. Roig, Phys. Lett. B 804 (2020) 135371

O Constraints on Im|é 7 |: more sensitive to these CP-violating observables
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CP-violating observables in general EFT

cp
exp,i

O Fit results on Im[é ;] from BE,, and 4 in four different bins from Belle:

4 2 T T 2
2 — Z AeC)I:p,i - AtC}I:I + Bexp - Bth
gj OB

i=1

0.15[—

» remarkably negative correlation between Im[é5] &

68% C.L. (solid) _
90% C.L. (dashed) ] Im[é;], as both vector & tensor FFs dominated by

K*(892) and K*(1410), and hence have almost the

0.10f

0.05f
same phases, especially in elastic region

. 0.0}

Im]|

» bound on Im[é,] consistent with |Im(ns)| < 0.026
@ 90% C.L. obtained by Belle [PRL 107 (2011) 131801]

-0.05}

~0.10} > upper bound on Im[é;] only of 0(1071), much

_0.15L weaker than 2|Im[é;]| < 107> from neutron EDM &

-0.04

D? — D® mixing [V. Cirigliano et a/, PRL 120 (2018) 141803]
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CP-violating observables in general EFT

O AfF in the presence of non-standard scalar & tensor interactions:
> with best-fit values of Im[é5] and Im[é], the CPA

distributions have almost the same magnitude but
opposite in sign in whole K invariant-mass region

0.04

0.02F

—
VAl

~= 0.00.
> the non-standard scalar & tensor contributions are

about one order of magnitude larger than the SM

| — SM

| — Im[és]=—0.008

-0.02

prediction

0041 Im[er]=0.03
e e e

O We strongly suggest the future experiments, especially Belle IT & STCF, to make more

20

precise measurement of these CP asymmetries in the angular distributions
H. Sang, X. Shi, X. Zhou, X. Kang and J. Liu, CPC 45 (2021) 053003

Belle-Il, PTEP 2019 (2019) 123C01;

Xin-Qiang Li CCNU CP asymmetries in tau -> K_S pi nu decays
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Constraints on Im[¢&; ] from other processes

O If BSM interactions originate from a weakly-coupled heavy NP well above the EW scale

L SU(2), invariance of L.¢ implies other processes to put further limits on Im[é; ]

O For the tensor operator: Lsyerr O [Cio), kimn (Cox0uwern)e? (@), 0" urn) + h.c. !

J dim-6 SMEFT operator
[Céz;u]klmn [(DLkauueRl)(CZLmo-uyuRn) - V;zm(éLkO',uz/eRl)(ﬂLaUuyuRn)] + h.c.
ﬁ _ U ® U

T - K¢mrv, & neutron EDM share the same WC:

emT ~ A 0(3) _ _2\/§G Vusé\*
2 Vu23 Im[eT (/L)] log — [Crequlssa1 Vs

™ 1

dy(p) = —2V2GF

> Assuming the neutron EDM receives contribution only from &;, we get:

1.5%107°
ln(%)

éplmax ~ 0(1079) 4—-' strongest limit obtained so far!

dn = g7 (Wdy, (W] < 1.8x107%°e cm = [Im[é]| <

nEDM collaboration, PRL 124 (2020) 081803

< 4%x107° for A = 100GeV & u, = 2GeV

2024/01/16 Xin-Qiang Li CCNU CP asymmetries in tau -> K_S pi nu decays 21




Constraints on Im[¢&; ] from other processes

O Caveat: tensor operator (7o, 7z) (U, 0"*"uy) can also associate with the WC combination
Vud Im[CéS;u]:ssu + Vs Im[C) T3391 = 2V2G R (Vuzd Im[er]s311 + Viz, Im[ET]3321)

lequ
\ 4 . . .
) ) A > when delicate cancellation exists between
(Vud Im[er]ssin + Vs Im[GT]3321> log "

em

dy(p) = —2V2GF

2 them, stringent limit on Im[é;] can be diluted

O In this case, another interesting constraint on (7o ,,7;)(c 0" ug) from D° — D mixing:

Vcd[ng;u]ssn"‘Vcs[C{gg();u]3321: VuaVeal€rlzsi1tVusVesl€r]zzaa \ double insertion

1 / =, O\ (= N / — =0, a\| N — _
MY = | Ch(u)(D°| (€2 u) (G u)| D) (1) + C5 (1) {D°| (@) (@ uh) D°) (1) Z i
2Mp « X
/ 1 / 2 m% 2 A
Ch = 5(}3 = 16G% — (VuaVea leT]3311 + Vas Ves [er]3321)° log - <
X1y = 22 = (0.409 £ 0.048)%, ¢y, = arg(F2) = (0.587335)°
u RO

we can get further constraint on Im[é;] !
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Constraints on Im[é; ] from other processes

O Combined constraints from d,, & D° — D° mixing: [Im[é7]] < 4x107°
S ¢ pl g X
DD g n/s DD o4 I > upper limit: |Im[e;]| ~ 5x107>, significantly diluted
| I neDM ] 0'008_ “““““““ _'SM “““
0.02f

— Im[ég]=—3x 107"

0.006 |
' — Im[ér]=5x10"% |

Im[er]3s11
| e
S

. 0.004
i{)/ L
QL
QO
= I
L 0.002
-0.02F [
0.000
S S S S S S S S S T S — |
~0.04 -0.02 0.00 0.02 0.04 ool v v
0.6 0.8 1.0 1.2 1.4 1.6 1.8
IIIl[ET} 3321 \/E [Ge\/]

O Prediction for CPA with |Im|[e;]| = 5x1073: still has a significant impact on the CPA!
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Summary

O 7 - K¢y, decays: very promising for CP studies

> In the SM, there exist both decay-rate asymmetry & CP asymmetry in angular distribution due
to CPV in K° — K° mixing, with results of 0(1073) and detectable @ Belle II & STCF

» Within a general EFT, only vector-tensor interference produces a direct decay-rate asymmetry,

while both scalar-vector & scalar-tensor interferences possible for CPA in the angular distribution

O With other bounds considered, 2.8 deviation for A7%° not easily explained by heavy NP

O CP asymmetry in the angular distribution in three different cases:

—'sM

—me=—a0t - gangitive to BSM scalar & tensor interactions!

— Im[ér]=5x1072

0 Measurable @ Belle II & STCF?

- M
0.002 . . . . .

1.0 J;1[é(\-] 14 16 18 s 08 1.0 \/;1[.(2;\‘\.] 14 1.6 1.8 Thank you for your attention!
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Backup
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_— Kk3n%,

100 10 - S Kty
Ta u Iepton phySiCS 251?;d;s J Kon—n:OVI s g_nvr 1
x10 I?On*vr \ 2:2330\11
o o - 210 84+0.04 % TV,
O 7: discovered in 1975 by Martin Perl et a/. (SLAC-LBL) oot " 0)0 /
K Ov
— 80 8 T K Knndv,
. = 2y, Kv, KK vy
> MaSS. mT = 1776.86 -_I_ 0-12 Mev PDG 2023 8.99+0.06 % 0»7()()+0»0|()(76%5(K)9(EVT
] 3 / : T Vg
> Lifetime: 7, = (2.903 + 0.005)x10~ 135 - Jiﬁ_ggﬁvr
X 2/’1_/1+37IO)VT
O In SM, tau decays via charged-current weak interaction: | ~=v, o - o fo \ffﬁ’f“ "
25524009 % < TVy
= 2h~ht2n0v,
> purely leptonic: 7 = v, £vy, T = v V,y, ... 3 lgs‘ifg‘)ovgq \ 32htv,
o e 0
: H - 20 TNV,
» semi-leptonic (hadronic): t -» v,m, T - v, Km, ... 5
TV B E:;
> rare and forbidden: LFV, LNV, BNV, ... i I
TchTtOZTt‘vT
six modes account for 90%, 25 modes for the last 10% e | 2I0E008 %
17.41 i%.ﬂz %
O z: the only lepton heavy enough to decay into hadrons: 20 2
Br s 66(%)I = h~ov
ev,v | T
17.831’8.014:1‘7( 2.00+0.08 %
O Very rich phenomenology: see biennial tau workshops! PDG 2012
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Experimental facilities for tau physics

O Many dedicated facilities, with large tau samples [C. z. Yuan, talk @ IAS Program on HEP 2021]

Experiment Integrated Cross Number of Typical tag Fraction of Non-t
luminosity | section | produced T pairs efficiency background
(fb ) (nb) (10%)
BESIII 50 0~3.6 ~0.15 10% 0.015 <1%
BaBar+Belle 1,500 0.9 1.35 33% 0.45 8%
LEP (ALEPH, 0.20x4 1.5 0.0012 79% (ALEPH), 92% 0.0007 1.2% (ALEPH)
DELPHI, L3, OPAL) within |c0s68|<0.90
STCF/SCT 10,000 2.5 25 10%=BESIII 1.5 <1%=BESIII
Belle 11 50,000 0.9 45 33%=Belle 15 8%=Belle
CEPC 45,000 1.5 70 87% 60 <1.2%@ALEPH
(T10% over ALEPH)
FCC-ee 115,000 1.5 170 87% 150 <1.2%@ALEPH
(T10% over ALEPH)

O With these large tau samples, lots of tau physics projects: see biennial tau workshops!

2024/01/16 Xin-Qiang Li CCNU CP asymmetries in tau -> K_S pi nu decays 27




Super Tau-Charm Facility (STCF)
in China

Peaking luminosity >0.5x103> cm—?s-t at 4 GeV ~6m

Energy range E, = 2-7 GeV
Potential to increase luminosity and realize beam polarization

PID system

Inner Tracker

A nature extension and a viable option for China accelerator project in -
the post BEPCII/BESIII era

expected to have higher detection efficiency and
low backgrounds for productions at threshold

A

excellent resolution,
kinematic constraining

1 ab-! data expected per year Xiaoréng Zhou, talk @ charm 2020
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The CPYV sensitivity with 1lab! @ 4.26 GeV!ll;

i LTCr9.7 10~ Physics at STC F Xiaorong Zhou, talk @ charm 2020

Agrer~3.1x 107

tau properties

SM parameters: a_tau,
Vus, alphas etc.

Tau physics
CP in tau sector

e -  Higher Charmonium states
‘ g-2 of muon

_ DCD i e Fragmentation functions

New light particles light hadrons
Form factors
Particles in dark sector Millicharged particles Spectroscopy
Light meson decay

CP in Hyperon sector

« rich of physics program, unique for physics with ¢ quark and < leptons,
- important playground for study of QCD, exotic hadrons, flavor and search
for new physics.
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Physics @ a STCF in a nutshell

V. Vorobyey, talk @ charm 2021

Input for B meson studies at LHCh
v' Measurement of the strong and Belle
phases of D decay amplitudes _ .‘
v' Measurement of absolute
branching fractions
v" Searches for rare and forbidden '\
decays of the charm quark
CP violation in charm

.

v Physics of highly-excited
guarkonium

v" Molecular states

v’ Baryon interaction at threshold

v

Search for glueballs in decays of
v' Precision measurement of ther v
\ lepton properties
Test of the ~ g

SN

J/¢ and P (25)
" Michel parameters, tests of
electroweak sector lepton universality
of the SM v’ Precision measurement of
| hadronic T decays |
v Search for CP and T violation in
T decays

QCD, ay, V5. Test of the
electroweak model, searches for
non-standard contributions
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Interplay with B physics

B® - DOt~

in the final state

B; b
0
Q% ckmy DT
Zp
B9 mixing
0 S
Bs — up and lifetime
B® — up
T > Upu
D° - uu
SUSY,
Charged Higgs Clear BSM

Clear BSM

T uy

D - invisible l 0
Model-independent D® - Kdm*+m™

Quantum correlated D°D°

WCPV in charm
J/¥(ce) » Ws

2024/01/16 Xin-Qiang Li

B Sthh2hs

Only charged particles

V. Vorobyey, talk @ charm 2021

b—-s/dy b-ulv
B° mixing SNz Vup Ve
and lifetime DOCthTh_ o Y(6S)
Ps B - K9KJK?
B - K*ll Shastas Y(5S)
B - D*tv B - Kon'y
B-o>K'nn® B hw, v

Charm spectroscopy
X(3872) » J/ymn s

D-lv Charged Higgs

Charm mixing T — hadrons

Neutral particlesin T ™ lvv

SN0y the final state

Z:-(3900) —» J/ym
Absolute branching fractions

6K1r Vcd

Polarized beam
J /¥ — hadrons
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Constraints on Im[é; ] from other processes

O For the scalar operator: originate from the following two SMEFT operators

(1) i ij (7 i 7o i
LsMErT O [Croplbimn (Crrer1) €7 (qLuRn) + [Credglktmn (Crrert) (dRmaLy) + hec. scalar operator

_ dim-6 SMEFT operator Y S
D [C[Si;u]k?lmn [(DLkzeRl)(dLmuRn) — Vam(éLkeRl)(ﬂLauRn)} ) (VTTR)(SLUR) } (V . )(gu)
B ~ o ) TR
+ [Credg)kimn [Va*n(DLkeRz)(dRmuLa) + (éLkeRl)(dRmdLn)] +hc wmmp (V;TR)(Spup) 1
KRIARES T (1) * * *
—2V2GrViisé5 = [C{’equlggm g Vud[C"pedq]3321 3 Vus[cfedq]%zz-l_ Vub[C{)edQ]?asz?,

» constraint on é; can be obtained from other processes;

» when potential cancellations exist between cH & Creaq, the allowed values of és can be diluted

fequ
1 * 3 *k
[Ctge(gu] 3321 ~ [Clge;u] 3321

-, € e
2\/§GFVUS ! 2\/§GFVus

(es> < 1.72 —0.0242><€5> (cg;;u) - ( 1.20 —0.185> (céjgu)
. — —4 A | e® ~ \ —0.00381 0. (3)
er ) (s Gev) 217x 107 0.825 J\ér ) " \Ciau/ (o, 0.00381 0.959 ) \ Cf&0. ) ) o
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O Mixing between scalar and tensor operators: &g =




Constraints on Im[é; ] from other processes

O For scalar operator: no direct contribution to d,,, but can mix into tensor operator via RGE

Im[é7]| S 4x107° ==mp EIGGAEEBIIBSPARESINEEN comparable to  JIN IR0 =R R0

O The scalar operator (7;73)(c ug) C u
double insertion * = <
contributes to D° — D° mixing:
M = o O (D) ) @) B ]
CQ = G2 m2 (Vuchs ES) 1Og A
_2IMyl ] i > ® >
X1y = = (0.409 + 0.048)%, U c
I'p
M, o
oS = arg(r ) = (Bp5 800 )2 > Constraint from D® — D® mixing is one order of
12
HFLAV collaboration, EPIC 81 (2021) 226 magnitude stronger than from neutron EDM

OB LSRRI LS URNCW LN > Alp|max ~ 0(1073): of the same order as Agy
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Constraints on Im[é; ] from other processes

O Caveat: once cancellations occur, bounds diluted Vudlm[C(l) laz11+ Vs [C(l) 150 ferid )8

fequ fequ
004 v T T T v v v T T T T T T T T
D=Dig=—nt  WD-Dg=n/d ] e e ki e (G (for D° — D° mixing)
cdlbpequl3z11TVes|bpegyl3321 g
[ M by h
. 0.008 ——————————
0.02F 4 — SM 7
' - — Im[és]=—3x 107
0.006 L
= i — Im[ér]=5x10"" |
= .
g, 000 0.004}
= =
— 5,
S
| & .
0.002f
-0.02F I
0.000
_004 2 2 i 1 N N M 1 N 2 N 1 2 M 2 | |
-0.04 -0.02 0.00 0.02 0.04 -0.00%6- : -0'8- : '1'0- — T -1'6- —
1111[65]3321 Vs [GeV]

O Predictions for CPA with Im[és(p,)] = —3x10~*: slightly smaller than the SM prediction
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