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O Introduction

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

O CP asymmetries in T - K¢ntv, decays within 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
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Tau lepton physics
O z: discovered in 1975 by Martin Perl et al. (SLAC-LBL)

> : N .8 6Nyl :
Mass: m, = 1776.86 + 0.12 MeV, PDG 2022

> Lifetime: 7, = (2.903 + 0.005)x10713s

O In SM, tau decays via charged-current weak interaction:
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O Very rich phenomenology: see biennial tau workshops!

2023/10/15 ZHma  Selmk

CP asymmetries in tau -> K_S pi nu decays

e‘vev,c
17.83 £0.04 %

100

x10

Branching fraction (%)

2,0
K731,

10
ROy K-ntnnlv,
L Kmv,
1 Rorv K210,
T Kntnv
0.84+0.04 % T
K-
8 — L KKmnlv,
Kv, KK, v,
0.700+0.010 % 2KV,
KKfnv,
- 4 KKon0v,
4 KK,
2hh*3ndv,
0.
6 h_OJTCOVT 3h2h'*n Ve
h4nOv,
. 2hh2ndv,
T3NVy 3h2hty,
- 105+007%
wninv,
4 —
02,
| 270+008%
2
| hov,
200+0.08 %
0
B




Semi-leptonic tau decays

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

7 Ay r 6t () i0.3 2358801 35

- d
I v +had ~ Im N\ 1 RGEl 2203.08271
y a;(mz) = 0.1191 + 0.0016
.

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

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

Decay channel Resonances
Hadrons T = m Tr, p(770), p(1450), p(1700)
77 = K Ksv, p(770), p(1450), p(1700)
poplilate 77 — Ksm~ vy = K*(892), K" (1410)
: % T~ —= K ", K*(1410)
7~ = a1 "y, a0(980)

O Offer several possibilities of studying the CPV effects |I. |. Bigi, 1210.2968; 2111.08126]
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Semi-leptonic tau decays

O Two kinds of decay modes: str/angeness-conserving & strangen?ss-changing processes

Cabibbo-allowed decays (B ~ cos? 6.) Cabibbo-suppressed decays (B ~ sin® 6.)
B(S = 0) = (61.85+ 0.11)% (PDG) B(S = —1) = (2.88+0.05)% (PDG)
G ,
M(t > HVT) .2 _FVCKM [, yH(1 — YS)ur]Hu QCD Jorge Portolés, talk @ tau04
V2 :
iL =<M E>M
Hu T (Hl(vﬂ I ‘Aﬂ)e QCD|O> Chiral Symmetry : i
Form factor SU(N) & SU-(N.) Perturbative QCD
" L\NE RUNF
T A LTI Chiral Perturbation Theory Large Asymptotic behayiour of
NC spectral functions
O Main tasks: determine the hadronic FFs I

E~M,

Analytic functions Chiral Resonance Theory

V. (1-
/\ p( ) } LQUU=Z )LZ' Q(V A H)

eff Y

Dispersion relations Unitarity A (17)
Properties at different Spectral functions I
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 current parametrized by two form factors:

J# = Fy(q?) (g“” - "’;2’”) (91— @2)v + Fs(a%)9", 9" = qf + a5

@ Fy: K*(892)*, K*(1410)*, K*(1680)*;
@ Fs: K*(800)*(k), K*(1430)=;

104k 104L [ Signal
3 a) % KSK,_zt b)
> The K*(892) alone not sufficient to P
W, 107 K*(892) alone 10°} —

I non-tt

describe the Km spectrum

> Fitted result with K*(892) + K*(800) +

Ngyents/(11-5 MeV/c?)
Ny enrs/(11.5 MeV/c?)

K*(1410) model reproduces data well

1F

1.2 1.4 1.6 0.8 1 1.2 1.4 1.6

O Searches for CPV in 7 > Kgmv, very promising *° "¢ Gev/c? s, Gev/e?
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Why 7 - K;nv, decays
O Decay-rate asymmetry in 7 - K¢y, decays

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

Arate —
(7 — [rta kgt D) +T(7— — [mta— |k m17)

AExD _ (—3.6+£2.34+1.1) x 103 BaBar Collaboration, PRD 85 (2012) 031102

2.8 0 fRE P

ASM _ — (3.6£0.1) x 1073 I. Bigi and A. I. Sanda PLB 625 (2005) 47
o ' . 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 test CPV mechanism and to probe BSM effects: HZ, Leptoquark, ...
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New physics associated with tau lepton

O Current hints from R(D) anomalies indicate non-universal BSM physics

o 04 L B BN L LR LN BLELELELE B 6
e B HF LAV AX2 =1.0 contours 8 Bordone, Cornella,
R B ] > Fuentes-Martin, Isidori '{8
035 . _ L |
= - — 41
[ Bellell ] x
E = 3 3
03 — — lfh
= = ~ g 2 -
C y 3.30 =
025 = - 1]
B - 04— . . .
R World Average 7 0.00 0.02 0.04 0.06 0.08 0.10 0.12
0.2 [—  $HFLAV SM Prediction R(D) =0.357 =0.029, — B(t-3u) x 108
B R(D) = 0.298 = 0.004 R(_D’g) 370 284 =0 012( ial ] _
B ' | lT(Dl*)|=(|).2|54liOl.()(:s| | R A A A A A B |lgl(xi)73|3¢7f ' B A A A |_ 10—4P /A\/jb;'llsl VAP LY A5 59 AV AV 4
0.2 0.25 03 0.35 04 0.45 0.5 0.55 5 - BaBar
R(D) "~ 10°
. . 10—6r , /
» These tau-related processes prove much information about T : i 0
e 10“7%_ A. Angelescu, Damir Bedirevié, i /
& 4 E.«D.A. Faroughy, O. Sumensari ‘18 3} Y
the underlying BSM physics, very complementary! S I S
mi=1.5 TeV &} Belle?
> \ery interesting to probe these relevant decay modes L0717 0137 {0 o 1o o

B(t-pud)
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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 Lots of tau physics programs with these large tau samples: see biennial tau workshops!
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T - K¢niv, decays within the SM

O Feynman diagrams at the tree level in weak interaction within the SM:

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

O Within 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 K° — K° mixing, the exp. reconstructed

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

o (1KY + (1 o]R") o N2ELE)
K%)= LK% = K9) + |K9)] |
AIKO — (1 — )| KO _ 2(1 + e
iy = LRI QIR oy - 2E1_‘)‘)[\K§>—1K2>}-
2(1 + |¢]?) ‘

kaons are the mass (|Ks), |[K;))

€=2.3x1073 L s
characterizes 0
CPV in neutral T
kaon system K,

O Once CPV in kK° — K° mixing included, non-zero CP asymmetries appear in the decays:

O When (K ;| intermediate states involved, the so-called

reciprocal basis more efficient

( Ky > B ( P —q> ( IKO) > :xT( IKO) > (Ks.t| = % (P~ KO = g H(R))

[Ks) P q IK7) [K) completeness orthornormality
X_lHX:<uL 0 > | xz< p p> (Ks|Ks) = (KL |KL) =1, (Ks|KL) = (KL|Ks) =0,
0 s -9 q

exp(—iHt) = e s Ks) (Ks| + e 8| Ky ) (K1

J.
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|Ks)(Ks| + |Ki) (K| =1

P. Silva, PRD 62 (2000) 116008

i




T - K¢niv, decays within the SM

O Experimentally, the K intermediate state is reconstructed via a =+~ final state

O Complete time-dependent decay amplitudes of t* - "~ v, decays (omitting (v, |):

AT = Ksp — 1) = (rTa |T|Ks)e Y Ks|T|7~ )+ (xt 7~ |T|KL)e " (K |T|r™)

ATt = Kgp = 7nfn) = (7 |T|Kg)e WY Kg|T|r ) +(nTn~ |T| K )e  He (K| T|r™)

| . o )
— 2—q {(Wﬂr_\T\K5>e_z““gt—<7r+7r_\T\Kﬁe—”‘“} <K0’T’T_> :

AS = AQ rule

1

-5 ([T s )e ™ (™ [T K e ™0 (KT ),

> the kaon decays are independent of the ¢ decays

O When the kaon decay time is long enough, the =+t~ final state can arise not only from
K, but also from K;;

2023/10/15

L

The interference effect between the K; & K; amplitudes important for CPV!
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Time-dep. CPA in the angular distribution

O Time-dependent, doubly differential decay widths:

9 _ 5 — 0 s: the Km invariant mass squared;
d°T(17 = Kspm v, = [r7n7n7v)  d°T(17 = K'n ;) FRY(E) = 7).

ds d cos N ds d cos o > 3
a: the angle between the directions
T (rt — Kspnto, — [rmn|rto,)  d*T(rT — K'7nto,) 0 L
ds d cos o = ds d cos a P(E5(t) = 7777), of K and 7 seen in the K rest frame
O Time-dependent K(t) - n*nn~ decay widths: Am = M — Ms
I't+Ts
I =
- _ tr|T|Ks) P 1 5 ~ 2
O+ + :|<7T7T|‘ S Dst 12Tt oy, | eIt _Amt
(KO(t) = =) g e e =2l e cos(6- — Amt) e TR
T I TIRS)
- =TI K - - - !m | =(2.232£0.011) x 1073
NK(t) = ntn) = I 4‘|p‘2‘ s)|? [ Pt iy P e Tt 42Iny—| e rtcos(gm_—Amt)] _ (43.51 +0.05)°
O Time-dep. CP asymmetry in -, f;“ [ cosa {% P (1) dt — 4 [ P)T (1) dt} o
3 AN A7ty ) = — - -
the angular distribution: 3o I {dg; 2 F()T - (1) dt + dit 2P - (1) dt] dw

(dw = dsdcosa)
bin choice [s, ;, 55 ;], time interval [t,, t; ], exp.-dep. effects parametrized by F(t)
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Time-dep. CPA in the angular distribution

O The difference of the decay o ffff I cosa [4 12 F (T ey (1) dt A (12 FOT e (1) dt] de
rates weighted by cosa: AT ) = 3 I [dg; — [[2 F()T - () dt + i P - (1) dt} dw
a: the angle between the directions <<Cos )T + (cos a)f) AP (t1,t2) + ((cos )T — (cos 04)27+>
of K and 7 seen in the K rest frame N 1+ AGP (t1,t2) - Af,f

O As the kaon decays independent of the T decays, the 2" line are obtained:

" -
2 I ycosa [+ o APty - O [T () = T ()]
(cosa)T  + (cos oz),-T+ - i - ’ fttf F(t) [f‘w+7r— (1) + Tt (t)} dt
52’f [dFT dZTJF] dew
S1,i w $9.4 1 - -
. fsfl I [dF dgw ]dw
s, 1 arr_ drt AT,z’ - 1 — —
- . fsf, f—l cosa dw = dw dw _:f;f ) |:dF dF ]dw
(cosa)] — (cosa)] = = a'rT+
512/l f— [ dw ]dw
+ —
dre’ drr _ o "
O Within the A(rt = K'1%0.) = A(t~ = K1 v;) dow  dw — A7 =0, (cosa); = (cosa);
SM: ar= TS KY( KO 7n*0, (v,)) I op U op
h dw ds dcos o Az (tl, tg) =2 <COS 05> A (tl, tQ)
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Time-dep. CPA in the angular distribution

Re(e o
O Results withinthe SM: | 40P (4, 1,) = 2 (cos )T~ AC (11, ) |~ B Gy~ 45,

Fzg—s,andAm%FTS

AL (t1, t2): CPV in K° — K° mixing
Thus easily reproduce

CP -1 =1 -1\ o~ _ — — B
A (h <Tg, Ty <ty <Tp7) = —2Re(ek) (3.32 £ 0.06) x 107 b Gibssnan g

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

double-step form
Even within the SM,

o (cosa)” = 2Afp L. Beldjoudi and T. N. Truong, PLB 351 (1995) 357368
= Non-zero CPA in the

1 42r7 0 2rr g N
7'_( ) f dgdrcosadcosa — f . dgdrcosadcosoz angular distributions
FB \S) = — ¥ .
2ol d2rT due to K° — K° mixing
fO dsdcosadcosa—I—f 1dsdcosadcosa

forward-backward asymmetry
using the efficiency function F(t)

provided by the BaBar collaboration!
[BaBar, PRD 85 (2012) 031102]
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Time-dep. CPA in the angular distribution

O Results within the SM: ACP (1, t5) = 2 (cos a)T ASE (11, t)

A () <« TG Tt <ty < T7Y) = —2Re(ex) = —(3.3240.06) x 1072 as input!

G

O Let’'s now evaluate (cosa)fi : Hetr = 7 Vis [Ty (1 — v5)v7] [uy" (1 — v5)s] + h.c.
PTT GEF(0) Vs *m Spw s\?
B — us T 1 — )\/2 ,M2,M2
ds d cos « 51273 83 < m%) (s, M, M)

. 2 N 2
X {‘FJF(S)‘ (% + (1 — %) cos? a> (s, Mz, M?) + A3 F()(S)‘

\ normalized FFs
— 28k Re [P (5) Fg ()] \V/2(s, M, M2) “} | Fro(s)=Fro(s)/Fi(0)
,

Agr
¢ Pt + SR

AKT&'

O Hadronic FFs:  (K°(pg )7 (px) |57"u|0) = [(pK — ) —
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Time-dep. CPA in the angular distribution

O For hadronic FFs, we @ Vector form factor  the thrice-subtracted dispersion representation

D.R. Boito, R. Escribano and M. Jamin, Eur. Phys. J. C59 (2009) 821
adopt the state-of-

1 /2 SCUt 5+(5/)
- u F —_— — [ -
the-art results: +(s) = exp {/\+ Mz + 5 (A Ay / (5,)3(5, s [
The Breit-Wigner form @ Scalar form factor the coupled-channel dispersive representation

. A M. Jamin, J.A. Oller and A. Pich, Nucl. Phys. B622 (2002) 279
violates Watson’s theorem,

and thus not physical and Fl(s) = Z/ /UJ(S )FJ(S )i (s') (1=Km 2=Kn, and 3= Kr))

— S — e

not applicable for CPV

O Angular observable: differential decay width weighted by cosa

f_ll cos o ( L7 ) dcos o

dsdcos a
f_ll (%) dcos o
—QAKW%e[F_i_( ) o ( )])\1/2 (S M%O M2)
‘7:+(S>’2 (1 - 3;) (S M%(,/Wz) —|—3A2 s Fo(s)
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(cosa)™ (s) =

’ 2




Time-dep. CPA in the angular distribution

O Results for AP (t4,t,) in four mass bins:
SM predictions still below Belle

detection sensitivity of 0(1073),

but expected to be detectable at

exp,t

0.625 — 0.890  0.39 + 0.01 79+30+28 36.53+0.14
0.890 — 1.110  0.04 + 0.01 1.84214+14 57.8540.15
1.110 — 1.420  0.1240.02 —4.6+72+1.7 4.87+0.04 Belle II, with v/70 times more
1.420 - 1.775 0.27£0.05 —-234+£19.1£5.5 0.75£0.02 sensitive results!

Vs [GeV] Ay, [107°] AG; [1077] ni /N [7]

as large as SM prediction for
O Two more predictions: the decay-rate asymmetry

Y o

(3.06 £ 0.06) x 1072, 0.70GeV < /5 < 0.75GeV = 02
(1.38 4 0.18) x 1073, 1.40GeV < /s < 1.50 GeV “oa}

0.0}

(cos a

ASP (1, t0) = {

-04f

O Can Belle IT and STCF measure the CP-violating angular

_05 ....................... |

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+ )]

O The most general SU(3), ® U(1),,,~-invariant low-energy effective Lagrangian:

GrFVius [_ _ A
Lo = — :@ {T%(l —ys)vr - d Y — (1 —2& ) 5] s
+7(1 —ys)vr - U [és — épys] s + 267 Topuw (1 — 5)vr - UUWS} + h.c.
O Decay amplitude for = - K’nv,: M= My + Ms+ Mr

G VUS A%k Ak v
f@ [L,H" + €ELH + 28% L, H*]
+ +
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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)
0 _ Akr
Ly = (v, )7u(1 = 5)u(pr) H" = (x K’ | 57" u | 0) = Q“Fi(s) + =22 " Fol(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) = Fr(0)exp {E - ds’ or(s') }

T Jsi,  S'(s"—s—ie)

the once-subtracted dispersion representation

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

o LXFT = Ay (# Fruw)—ils (B uuuy) + Az (Y £79) + Ay (¢27)? ®,f
4 O. Cata and V. Mateu, JHEP 09 (2007) 078
. N % Ay, . ,
<K (Px)7™(Px) 5o 0> ZIF—%(pr%—p%pn) el F-(0) = A,/E?, with A, = (11.1 + 0.4)MeV P

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

O With s € [(My + M,)? m?], light resonances to FFs must be included to give s-dep. of FFs

O As spin-1 resonances described equivalently by vector or anti-symmetric tensor fields,

resonance contributions to F_ (s) & F;(s) are both dominated by K*(892) & K*(1410)

> F;(s) obtained with RyT including spin-1 resonances: e
/
RxT v 1 v v . v T /1 v 4
(") £6 —Lkin(vu)—m (fV<Vw/f’i >+Ig\/<v’w/[uu7UV]>)—fV<VMVt'L_+L_ > ®:‘/
N\
l Ecker, J. Gasser, H. Leutwyler, A. Pich, and E. de Rafael, PLB 223 (1989) 425 N .
\
A [, V2fbay s V2Iidy s - \
_ 2 = F(s)/F
Fr(s) 2 _1 + N, I — T A M2, —s Fr(s) r(s)/Fr(0)
] 5 y
Ay M%( + ps fs . _ My — KK*HKII(()) + ps . ps
P2 My—s M, -—s w D(mg-,yk) D(mg,yg)
_%_1,\,4_075.}1 : lati B af : . : \
p= s =~ x0.75y: characterizes relative weight o Feng-Zhi Chen, Xin-Qiang Li, Ya-Dong Yang,
the two resonances, and plays the same role as y for F,(s) 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) =
——— 2
5. (s) = { arctan[meﬂ(ﬂ], Skr < 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. ()
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 general EFT

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

D(rt — KO7+to.) + (7~ = K7 v,)

AP (T — Krvy) =

2 2
only vector-tensor interference _ Im[ér] GE|Vus*Sew (™7 Comz\" s 2 2
_ _ 128 m2 (1 — Kgmv,) /s;ﬁ ds |1 s A <8’ M MW)
as the only possible mechanism .
X |Fp(s)| [Fi(s)] sin [o7(s) — 04(s)] ,
O CPA in angular distribution: . _— _—
Acp ~=Dicx Sew — / | { - (,I;l[e_s]m 5 L [F ()5 (5)] - n,;[”] Im [Fr(s)F5 ()]

both from scalar-vector and

scalar-tensor interferences + [(1 4 Relé] u)) Re [F.(s)F3 (s)] — 2R:7[€T] Re[FT(s)FO*(s)]} A,CJ’} C(s)ds.

s my(ms—m -

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[ég | from Bg;p and four bins of 4

s (AL AN (Bow - B\
=Z< 3 ) ' <—> 2. =420, Tm[és] = —0.008 +0.027, Im[ér] = 0.03+0.12

lof o
i=1 ! B

0.15[—

66% C.. (soll) » remarkably negative correlation between Im[é5] &
o C.L. |

90% C.L. (dashed) Im[é;], as both vector & tensor FFs dominated by
' K*(892) and K*(1410), and thus 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

| 0.04
D? — D® mixing [V. Cirigliano et a/, PRL 120 (2018) 141803]
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CP-violating observables in general EFT

O ASF in the presence of non-standard scalar & tensor interactions

> with best-fit values of Im[é;] and Im[é;,], the CPA

0.04

- distributions have almost the same magnitude but
0.02f
| opposite in sign in whole K invariant-mass region

—~

; i » the maximum absolute values are reached at around
ool gy Vs = 1.2 GeV for both cases
| — Im[és]=—0.008
004t pier]=0.03 > the non-standard scalar & tensor contributions about
06 o8 10 12 14 16 18 one order of magnitude larger than SM prediction
Vs [GeV]

O We strongly suggest to make more precise measurement of CP asymmetry in the angular

distributions, especially at Belle II & SCTF, ....
Belle-Il, PTEP 2019 (2019) 123C01;  H. Sang, X. Shi, X. Zhou, X. Kang and J. Liu, CPC 45 (2021) 053003
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Summary

O With large  samples from exp. facilities, precision z-lepton physics very promising

O Semi-leptonic T decays: an ideal laboratory for low-energy QCD-testing & BSM probes
O 7 - Ksmrv, decays: large branching ratio & very promising CPV observables

> within 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, ...

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

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

O Bounds on Im[@S,T]: Im[és] = —0.008 + 0.027, Im[és] € [-3.1,1.6]x107* @ 20

v

Im[é7] = 0.03 £ 0.12, lIm[é;]]| < 4x107° o

T decays give much less stringent @

than from d,, & D® — D° mixing T 7 7 z
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Summary

O With other bounds considered, 2. 85 deviation for A7%¢ not easily explained by heavy NP

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

' - ; ' T 0.008 ——————————— — T
0.04} 1 — SM
— Im[ég]=—3x107*
[ 0.006 R ] N
002 - [ér]=5x10 sensitive to the
= = 20 non-standard
5. [ .
= =
_ o002} scalar & tensor
—002 B N
[ — SM i i
| Interactions!
— Tm[ég]=—0.008 0000
0048 Tm[er]=0.03
....................... -0.002
0.6 0.8 1.0 1.2 14 1.6 1.8 0.6
Vs [GeV]

O We strongly suggest to measure these observables more precisely @ Belle IT & STCF!

Thank you for your attention!
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Backup
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Vector & scalar FFs for t - K;rv, decays

O Form factors with yPT + Ry T including the two resonances K*(892) and K*(1410):

T T FKW(S) mzK* — RK* HKﬂ(O) + S S
g *— *— - = - vV _
K*~(892) s K™ (892) K™ (892) ¢ _  ~°» D(mi, v+ ) D(Mysr, Yyt )
- =--- += ==« A SIS 2
~ 4 — I
K b ~-- o D(mn,vn) = m; —s— kpRe[Hkx(S)] — Imply(s),
K K
Escribano, Gonzalez-Solis, Jamin and Roig, JHEP 1409 (2014) 042 1927TFKF7r YK* S U,?éﬂ (5)
e T e e T T Kn = 2 o Tn(s) =Th 5 =775
g — Fitto 7Kg vy ] UKw(mK*) M~ ms, aKW(mn)
i — Fitto K nv,
1000 - o Nl Tl ?e"e_data | Fitted value Reference Fit
: o T -Ks 7t v, excluded fit points Brr (%) 0.404 + 0.012
i =  "Unfolded' T">K nv, Belle data 7 (B%’ﬂ)(%) (0.402)
| T ->K™ nv, excluded fit points | M 892.03 4+ 0.19
£ 100 f M 46.18 + 0.42
ﬁ [ |8~ T T~ ~—<_ 1 M 1305+15 .
z | R | K= 18 gives a good
5 e S [ xr 168152  u
I L ; e X 107 = description of
| sealarcontributions ko _______________ % N X 10° 23907 the exp. data
f Mer X 10% 1.8+ 0.2
¢ 5 Bk, x 10% 1.58 + 0.10
: . I | (Bf,) x 10 (1.45)
| g X108 | 3471
0.1- A 4 Ak, X 103 20.9+ 1.5
L L 1 L 1 1 1 L 1 L L 1 L L N1 n 1 )\//n 4 :t
0.6 0.8 1.0 1.2 1.4 1.6 1.8 Ky X 10 M1x0.4
n.d.f. 108.1/105 ~ 1.0
Vs (GeV) X'/ £105 1,03
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