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

O CP asymmetries in T - K¢ntv, decays within a general EFT

rate __ r(T+ — [7T+7T_]“KS” 7T+177') T r(T_ — [7T+7T_]“K5”7T_1/7')

ACP — —

O Summary [(rF = [mta ke ) + [(7- = [mta ] T vr)
K \ BaBar Collaboration, PRD 85 (2012) 031102

» commonly discussed decay-rate asymmetry [0 cosa {dzrﬁd_ kenmv) e j’@“*"f)] e dcosn

A,CP _ S1,i — s d cos s cosa_
. . a . 1 9, 1 d2M(t— —Ksm—v,) d2M(tt > Ksmt i)

> CP asymmetry in the angular distribution 3 o f_l[ Fdora— T T Gdeea }dsdcosa

\ ./ Belle Collaboration, PRL 107 (2011) 131801
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Semi-leptonic tau decays & %9

O Only lepton heavy enough to decay into hadrons (really mesons):

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

T

_ d,S ; T_
rr—)u/ﬁ-had ~Im N 1 oy,
VT

1 1%

J
=l /o
2

Including QED &
QCD corrections:

174

T 3.0
Cabibbo
suppressed

Cabibbo allowed

61.8

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

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

populated by resonances

Hadrons Decay channel Resonances
77 = 7 7w, p(770), p(1450), p(1700)
- ™ — K Ksv, p(770), p(1450), p(1700)
T — Ksm™ vy = K*(892), K* (1410)
% 7~ —= K ", K*(1410)
= =1, a0(980)
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Semi-leptonic tau decays

O Decay amplitude:

Gr i
M(t - Hv,) = —=Vegm([U, y*(1 — ys5)u]JH,

V2

O Main tasks: determine accurately the hadronic FFs

Form Factors

Analytic functions

/\

Dispersion relations Unitarity

Properties at different

Spectral functions
energy scales are related

rim ]

Form factor

H, = (H|(V, — A,)e"ecr|0) = 7 Co B 3F (a5 )

i Lorentz structure

QCD Jorge Portolés, talk @ tau04
E< M,
E>M,
Chiral Symmetry _
) Perturbative QCD
SUL(Ng) ® SUR(N)
. / Large Asymptotic behaviour of
Chiral Perturbation Theory NC spectral functions
}
E~M,

Chiral Resonance Theory

|

eff

‘C)('” = Z 2’/ (DE(I/;NA;J?H)

I

Vector meson dominance

/ \‘\.\C i
{ 5 \“-‘, » Vu(‘l )
A—ME>M e ImIl, o zjdp.,, (o[v,|n)(n[V/]0) AL(1)
\\\ //‘
N | S
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Why 7 - K,nrv, decays
O Has largest Br among semi-leptonic decays with 1 kaon [D. EPIFANOV et al [Bellel, PLB 654 (2007) 65]

" ot Br(t » Ksmv,) = (0.404 + 0.002(stat.) + 0.013(syst.))%

» The hadronic current parametrized by two form factors:

J' = Fv(q®) (9“" - %) (91 — G2). + Fs(a?)g", 9" = g} + ¢}

+
T
- @ Fy: K*(892)%, K*(1410)*, K*(1680)%;
I . ® =+ * +4+.
v’V e+/ H+ @ Fs: K*(800)*(k), K*(1430)=;
_E b
> The K*(892) alone not sufficient to T, 2 P
> 3 S M 3n
A B non-tt
describe the K spectrum = .
- 10°F g
™~ 4 -
: ol & ! % M S
> Fitted result with K*(892) + K*(800) + & 1 S
: :
K*(1410) model reproduces data well =’ z
1 L
0I8 ‘II 1I2 1I4 1I6 0 0.8 1 1.2 1.4 1.6
O Searches for CPV in T —» Kgmv, very promising s gevc? T s Gewier

5
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Why 7 - K,nrv, decays
O Decay-rate asymmetry in 7 - K¢nrv, decays

r(’rJr — [7T+7T_]“K5”7T+177) — M~ — [7T+’7T_]“K5”’7T_I/T)
(7 — [ntn— kgt D) +T(7— — [mra— |k 17)

Arate _

AEXP _ (—36 +9234+ 11) > 10—3 BaBar CO”aboration, PRD 85 (2012) 031102

2.8 0 TRE v

A%I})I — (3.6+0.1) x 1073 l. 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¢nrv, decays

9,0 1 d’r(r~ oKsn vr)  dI(rT5Ksnto,) V5 [GeV] A 5 [1077) A, [1077]
AI- fsl/ f 1COSO{ [ ds d cos « ds d cos « ds d cos o :
cP = — 0.625 — 0.890 0.39 + 0.01 70430428
S f [dQF T —>Ksm— 1/7.) + d2r(7-+_>K5ﬂ-+1/7_):| dsdcosa
S1,i ds d cos o ds d cos 0.890 — 1.110 0.04 + 0.01 18421414
Belle Collaboration, PRL 107 (2011) 131801 1.110 — 1.420 0.12+0.02 —46+72+17
1.420 — 1.775 0.27 + 0.05 ~23+1914+55

compatible with zero with a sensitivity of O(1073)

O More precise measurements are expected from Belle II & SCTF, ......
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T - K¢mv, 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

g AT = K'7nt0,) = A(t— — K7 v,)
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T - K¢mv, decays within the SM

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

rather than the flavor (|k°), |[K°)) eigenstates £
- haracterizes U Ks
14 oK) + (1 o)|K° 2(1+ |ef?) 53 |
Ky = LN AR - oy = (1K) +16D)] |
2(1 + |¢[?) 2(1+¢) the amount of
» (1+ €)K% — (1 — ¢)|K°) o 2(1+ |e\z) » - CPV in neutral ;I? K’
KL) = o B = o (1K) — 1K)
2(1 + |e]) (1-¢) kaon system
K,
O In the absence of CPV, € = 0, we have then: A+ - K945,) = A(r — Ko%1)
K,) = K°) + IK°®) PT(r~ = Ksprv,)  1dT(r~ = K'n ;) no CP asymmetries in
V2 ) ds dcos a 2 dsdcosa mm) | decay rate & angular
- 2P (++ — 20 (++ 0+
e Wi K5 AT = Kspmvy)  LAT(T = Kaion) distribution of = — Kgmv,
4 N ds d cos « 2 ds dcos
decays in the SM!

O But the CPV in neutral kaon system well established: ¢ = 2.3 x 1073
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T - K¢mv, decays within the SM

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

O When (K, | intermediate states involved, the so-called reciprocal basis more efficient
Koy Y\ _ (P —q K\ _ 1 1K)

(|K5>)_<p q )(IR‘]>)_X (IK“>)

~ 1 _ .
xomx= (0 0) xo( 2 ?) (Rs.il = 5 (P (K| £ (K]
0 wus )’ —q q

orthornormality

> H=M —i/2T is NOT a normal matrix (R5|K5) _ <RL|KL> =1, (R5|KL> — (RL|K5> =0,

[H,H']=0
> X is NOT unitary in the presence of CPV completeness  |Ks)(Ks| + |Ki)(Ki| =1
Xx=od = (g e ) J. P. Silva, PRD 62 (2000) 116008

pI> =g

> thus, we will have (Kg,| # (K| !

exp(—iHt) = e st | Kg) (K| + e Mt K, ) (K]

O The time evolution operator for the
neutral kaon system: s = Mg —i/2T5,: two eigenvalues of H
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T - K¢mv, decays within the SM

O Experimentally, the K intermediate state is reconstructed via a 7"~ final state

O Due to CPV in K° — K° mixing, =*n~ final state arises not only from K, but also from k;

L

The interference effect between the K; & K; amplitudes important for CPV!

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

AT = K —ntn) = (rTa |T|Ks)e Y Ks|T|r~ ) +(x "7~ |T|KL)e "' (K |T|r™)

1 o . _
— [(W+7T_ ‘T|K5>€_w‘qt—(7T+7T_‘T|KL>€_WLLL} <KO|T|T_> :

AS = AQ rule

ATt = Kgp = ntn7) = (n a7 |T|Kg)e s Ke|T|m ™) +{nTa~ |T|Kp)e " (K |T|r™T)

2022/07/28

1 L P
L i e e e )

> the kaon decays are independent of the ¢ decays
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Time-dep. CPA in the angular distribution

O Time-dependent double differential decay widths:

I — _ o 9y 0 s: the K invariant mass squared,;
d°U(17 = Keprm v, — [n7n7|nv,)  dT(r7 = K'n7v,) PRO(E) = ntr).

ds d cos B ds d cos
5 ° (iOS& L 0 ° COS? - a: the angle between directions of
d°T(rt = Kgrpm v, — [ntn |nt)  d*T(rT — K'n i) 0 4
s d cos o = s d cos o PKE(t) = 7777), K and T seen in the K rest frame
O Time-dependent K(t) - n*n~ decay widths: Am= My — Ms
I'y+Ts
I =
F(f(o(t) —atrT) = (T |T| Ks) " {e‘rst—k\n \2 €_FLt—2\n \e‘rt cos(¢ —Amt)} :
4]q|? ’ o - o pe = T TR
- (mTm|TIKs)
- I TIKO2 T - - \m \:(2232:i:0011)><10 3
NK(t) = ntn) = i 4\|p\2‘ ) [e Pt my [P e T 1 2my | e cos(q§+_—Amt)] — (43.51 % 0.05)°
O Time-dep. CP asymmetry in | = [ |1 cosa [ [ FOT, ., () dt — 52 [ FOTo,- 1) df] o
a3 A A7 (i ty) = —> —
the angular distribution: Lt [dl;; [ F(t)D e (1) dt + dﬂ; [Pt (2) dt} dw

(dw = dsdcosa)
bin choice [s4 ;, 55 ;], time interval [, t; ], exp.-dep. effects parametrized by F(t)
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rates weighted by cosa:

a: the angle between directions of

K and 7 seen in the K7 rest frame

Time-dep. CPA in the angular distribution

O The difference of the decay

ASP (1) =

dFT+
dw

A7
dw

S22 cosa [“’Z;_ 2 F() - () dt — S [P F(OT - (2) dt} duw
. 59 ; .1 ¢ T y
e 12 PO r (1) ] e

2 Jsi
((cos )T+ (cos a)f) AP (t1,t9) + ((COS @)l — (cos a)f)
B 1+ AGP (t1,t2) - ACT

Ji2 PO - () dt +

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

. =
sl dar7 drT+ CP t12 F(t) [FW"‘W— (t) - F7T+7T_ (tﬂ dt
B N fsl’,- Jojcosa | T + S| dw AR (t1,t2) = ta = y
(cosa)] + (cosa)] = 1 R ———— ftl F(1) [Pw+7r_ (t) + Dot (t)} dt
2 5512}' f—l[ do- T dw ]dw _ _ n
: 52, fl dr™ __ dl7 | 1.,
N ACP fSl,i —1 dw dw
27 1 cosa [drT — dr- ] dw T sai 1l |dDT dr" ’
(cosa)T  — (C05a>,_r+ _ - i w fsu f—l [ dw dw ] dw
’ ’ L (=i [l [drT‘ i dI'T+] deo
2 51’,' —1 dw dw
+
drT drT CP +
_ = A =0 cosa); = {cosa);
O Within the | A = K'x'0) = A = K'wv)| [ Tdo ~ Tdw ri =0, {cosa)i = (cosa
+ 21 (% 0(70Y .t 5 ‘ U
. dl'™ d“T(r* =K (K")n* 0 (vr)) _
SM: dw ds dcos o A@CP(tl, tg) =2 <COS a): A?(P(tl, tg)
2022/07/28 ZgmER fedii k. CP asymmetries in tau -> K_S pi nu decays
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Time-dep. CPA in the angular distribution

oy, ) E )  2%e(e ~ o
D Results WIthIn the SM: using the efficiency function F (&) ’n_'__‘ ~ \/(EK)’ Cb—|-— ~ 45 :

provided by the BaBar collaboration!
r I
[I'~ =%, and Am ~ =5*

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

CP —1 —1 -1y o _ = — —3
A (b < Ty, Tg" <ty <TI'7) = —2Re(ek) (3.32+0.06) x 10 Grossman-Nir result!

ho<t<t
F(t) = { ' ® Y. Grossman and Y. Nir, JHEP 04 (2012) 002

double-step form 0 otherwise.

Even in the SM, there is

T 2 AT . .
@ (Cos« = A L. Beldjoud dT.N. T . PLB 351 (1995) 357368 -
( ) 3B sidjoudi an ruong ( ) non-zero CPA in the

1 217 2T . = 7
- f dddr d cos o — f dddr d cos o angular distributions due
A'T (S) _ s dcos o 1 dsdcos« i ' h s |
FB 2T — 2pr— to CPV in K° — K° mixing
f d-T dcosa—l—f 9" cos o
0 dsdcosa 1 dsdcosao

forward-backward asymmetry

using the efficiency function F(t)

= Exr _:
O Puzzle still 2.8 o i Ay =(-36+£23+£11)x 107" . .
0 g ASM _ (3.640.1) x 10 provided by the BaBar collaboration!
exists: op = (3. 1) x 10~

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

O Results within the SM: ACT (#1,t9) = 2 (cos a)T AT (t1,t2)

A (4 < T T <ty < T7Y) = —2Re(ex) = —(3.32£0.06) x 1073 as input!

15 G
01 Angular observable (osa)l”: g ther = 5 VislPu(1 = 5)er) [/(1 = ) + e
d2T7" G2|Fy(0)Vis|*>m3 Sew s\ .,
S — us T 1 — — \ /2 M2 M2
ds d cos a 5127383 ( m,?.) (s, M, Mz)
7 2( s S 2 2 72 2 |7 2
X ‘F+(S) W—I— I_W cos” a | A(s, Mz, MZ) + Az | Fo(s)

\ normalized FFs
— 2A gk Re [F_|_(S)FS<(S)})\1/2(S, M3, M?) cos Oz} : ﬁ+,0(3) =F, o(s)/Fy(0)
«

Ak
| Fe(o) + S5 R

AKTJ’
S

O Hadronic FFs: (I_{O(pK)qr‘(p,T) |5yHu| 0) = [(pK — pa )l —
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Time-dep. CPA in the angular distribution

O For Km FFs, we adopt: ¢ Vector form factor thrice-subtracted dispersion representation
D.R. Boito, R. Escribano and M. Jamin, Eur. Phys. J. C59 (2009) 821

As the Breit-Wigner form scut
. Fi(s) = exp{)\ M52 + %()\ )\'2) —/ 5 5+(S ) , } ;
violates Watson’s theorem, (5 )*(s" — s — i€)
@ Scalar form factor coupled-channel dispersive representation

and thus not physical and _ _
M. Jamin, J.A. Oller and A. Pich, Nucl. Phys. B622 (2002) 279

not applicable for CPV!

,aj(s Ff(s )t (') B B o
[Belle, PLB 654 (2007) 65] Fo(s) = Z/ I s— e (1=Km 2= Kn, and 3 = K
o,of N
O Angular observable: differential decay width weighted by cosa '
-0.1
B f_ll cos & (—dgzd{;;a) d cos o % _0,25_
(cosa) (5) = o "
= (ﬂm) dcos o ~ _oaf ,
 oAGRFL SR (5, M, M) b\ (g
— - 2 - 2 1 . . . . .
’F_,_ (S)’ (1 + %) A (s, M, M2) + 3A% FQ(S)‘ T 10 12 14 16
- V5 [GeV]
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Time-dep. CPA in the angular distribution

O Results for AP (t,, t,) in four mass bins:

Belle Collaboration, PRL 107 (2011) 131801

V3 GV ASH, [107%]  ACE 1075 ng/N, (%)

exp,?

0.625 —0.890 0.39 = 0.01 7.9+£3.0£28 36.53+£0.14
0.890 —1.110  0.04 £0.01 1.8+21x14 57.85=x0.15
1.110 - 1.420 0.12+0.02 —-46£72+1.7 4.87+£0.04
1.420 - 1.775 0.274£0.06 —-23=x19.1£5.5 0.75x=0.02

O Two more optimal SM predictions:

Exp _ -3
as large as the SM prediction for Acp = (=3.6£2.3+11) x 10
the decay-rate asymmetry! A = (3.6 +0.1) x 1073

%

(3.06 £ 0.06) x 1073, 0.70GeV < /s < 0.75 GeV
(1.38 £ 0.18) x 1072, 1.40 GeV < /s < 1.50 GeV

ASP (1, 1) ={

O Suggest to measure A% in these two mass intervals!

2022/07/28 ZFm  ferhlik CP asymmetries in tau -> K_S pi nu decays

SM predictions still below Belle
detection sensitivity of 0(1073),
but expected to be detectable at
Belle II, with /70 times more

sensitive results!
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t* > K°(K°)n*v,(v,) withinin a general EFT

O When NP presents AT = Ko7t 5,) # A(r~ — Konvy)
in tau decays: at gre

do 7 d
w w

+

— AL £0, (cosa)] # (cosa)]

O CPA in angular distribution: [AZCP ~ ((cos )T+ (cos oz)f) AT + ((cos )T — (cos a)fr)]

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

Lor == 22 {Fr(t = s)r - A" = (1= 28)7" 3] s
‘|‘7_'(1—’YS)I/7-'L_l[é\s—é\P")/5]S—|—2’6\T7_'O'”U(]_ 75)%,. uo' }—I—hC
O Decay amplitude for = - K’nv,: M= My + Ms+ Mr

GF Vus

scalar operator + tensor operator =5 [LuH" + €§’-H + 2@*TLWH ’]
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Tensor form factors

O Leptonic currents: O Hadronic matrix elements:
L = a(p.)(1 +~5)ulp,) . H= (="K |35u|0)=Fs(s)
L# = ’l_L(puT)’Yu(l — v5)u(pr) H" = <7T_R0 | 57"u | 0) = Q*F.(s) + A:W q" Fo(s)
Ly = u(py, )ouw (1 +7s)u(pr) H* = (" K" | 50" u | 0) = iFr(s) (plph — pLpk)
e

O Tensor FF F;(s): due to lack of enough exp.

Fr(s) = Fr(0)exp {i b ds’ or(s) }

T Jsp.  S(8 —s—ie)

data, has to be constructed theoretically

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

° EifPT = Ay (¢ Frp)—ilo (7 upuy) + As (7 £7H7) + Ay (tﬁf’)2 ®\

! 8 O. Cata and V. Mateu, JHEP 09 (2007) 078

PT
5L
Oty

(Koo P

A .
0> S LREOL A /. (0) = A,/FZ, with A, = (111 + 0.4)MeV

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

O With s € [(Mg + 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)

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

o LN = Liin(V) = 55 (A (Vi i) +igy (Vi [, v)) = 7 (Vi t!)  @—g

N
l Ecker, J. Gasser, H. Leutwyler, A. Pich, and E. de Rafael, PLB 223 (1989) 425 b N
AN
posy 2| (V2w s VAV s \
r F72z i A2 M%(x - A2 M%{x; ) F' ( ) FT(S)
_ S R=
A [M2. +Bs  Ps . d F-(0)
“F ML=y s energy-dep. width y,,(s) _ Mgk Hin(@+Bs _ Bs
\/Eng D(MK*,’)/K*) D(MK*'YK*)
f =LY — 1 ~ +0.75y: characterizes relative weight of

2 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

2022/07/28 ZgmER fedii k. CP asymmetries in tau -> K_S pi nu decays 19




Tensor form factors
O Combining yPT @ low s + RyT @ intermediate s =
+ asymptotic behaviors @ high s, we obtain the =
once-subtracted dispersion representation:
s [ o (s’)
F =F - ds’ =
o(s) = Fr@esp {2 [~ a2 ]
arcta [3mFT(s)] e %
6r(s) = { TCANS o, ()0 Skn =5 = Scut o
Ny, S & Sou

asymptotic 1/s as dictated by pQCD

> in elastic region (below ~ 1.2 GeV), 7 (s) = 6, (s) as
required by Watson’s FSI theorem [K. M. Watson, Phys. Rev. 95 (1954) 228]

> in inelastic region (above ~ 1.2 GeV), §r (s) and 6, (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: N(rt = K%to,) - T'(r— — K%~ v,)
I(rt — KOto) + T'(r— = K%~ v;)

. ~ 2
Only vector-tensor interference Tm[ér] G%|Vus|* Sew /m—? e m?2 \
) SKm

AR (T — Krvy) =

_ 1 Or
1283 m2 (1 — Kgmu;

as the only possible mechanism i
X |Fr(s)]|[F4(s)| sin [67(s) — 4(s)] ,

O CPA in angular distribution:

n; m.(ms — my) m. Im [Fr(s)Fo (s)]

; 52,." ~ ~
Acp ~Dkr Sew & / { — ) Im [F1(s)Fo (s)] — 2mler]
Both from scalar-vector and L

vector-tensor interferences + Kl 4 RelE] ) Re[F. (s)Fi (s)] — 2R:7[€T] Re[FT(s)F;(s)ﬂ Aﬁ?’} C(s) ds.

) mq—(ms_mu) T

O Constraints on Re[ég 7 |: more stringent from decay rates of various exclusive t decays

Re[és] = (0.879% 4+ 0.3)%, Re[ér] = (0.9 4+ 0.7 +0.4)%
S. Gonzalez-Solis, A. Miranda, J. Rendén and P. Roig, Phys. Lett. B 804 (2020) 135371

O Constraints on Im|[ég7|: more sensitive to these CP-violating observables

2022/07/28 ZgmER fedii k. CP asymmetries in tau -> K_S pi nu decays 21




CP-violating observables in general EFT

O Fit results on Im[ég ;] from B, and four bins of AZ]

exp,i °

s (A = AN (B =B\ A A
X —EZ( . ') +(§———§—) X2, = 4.20, TIm[és] = —0.008 4 0.027, Im[ér] = 0.03 4+ 0.12

oB

8% C.L (ol > remarkably negative correlation between Im[é5] &

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

0.05f
same phases, especially in elastic region

0.00f

Im[éT]

> bound on Im[é&;] consistent with |[Im(ns)| < 0.026
~0.05}

@ 90% C.L. obtained by Belle [PRL 107 (2011) 131801]

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

_0_15: DR SR RN weaker than 2|Im[é;]| < 10> from neutron EDM &
-0.04 -0.02 0.00 0.02 0.04

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

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

04 A~ 1 > with bestit values of Im[és] and Im[é;], the CPA

distributions have almost the same magnitude but

0.02F
' opposite in sign in whole Kr invariant-mass region

~—— 0-00 ———

ACP ?)

> the maximum absolute values are reached at around
\/s = 1.2 GeV for both cases

“0%r s

| — Tin[és]=—0.008 ¥ &

~004F 11— 0.08 > the non-standard scalar & tensor contributions about
| — 7| =U.
06 o8 10 12 14 1s 18 one order of magnitude larger than SM prediction

O We strongly recommend to make more precise studies 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 7 - Ksnv, decays: very promising for searching CPV effects

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

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

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

only T - Ksmv, SMEFT

O Bounds on Im|ég r|:
Im[&] = —0.008 + 0.027, | Im[&] € [-3.1,1.6] X 10~ @ 20

 Im[é;] = 0.03 £ 0.12, IIm[é;]| S 4 x 1076

u

For NP well above vgyy, constraints from t - Ksmv, ;
much less stringent than from d,, & D® — D° mixing " ©
&

O The BaBar 2. 80 deviation for A7 not easily explained by heavy NP !

u C
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Summary

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

' 0.008 —————————
0.04} : — SM
— Im[ég]=—3x107*
i 0.006 . 1
0.02f — Im|épr|=5x10" -
| ier] =0 sensitive to the
— : _0.004f
< o000 — z non-standard
= =
- 0.002¢ scalar & vector
-0.02‘— oM
[ — Im[ég]=—0.008 0.000 Interactions!
~0.04r  Im[er)=0.03
....................... PO st
0.6 0.8 1.0 1.2 1.4 1.6 1.8 06 0.8 1.0 1.2 14 1.6 1.8
Vs [GeV] Vs [GeV]
constraint only from tau decays constraints from d,, and D° — D°® mixing

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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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) )
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 [c0s0|<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 workshop!
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Super Tau-Charm Facility (STCF)
in China

Peaking luminosity >0.5x103> cm-2st at 4 GeV ~6m

Energy range E, = 2-7 GeV

« Potential to increase luminosity and realize beam polarization .
« A nature extension and a viable option for China accelerator project in —

bne: prast. EEREIREIera expected to have higher detection efficiency and
low backagrounds for productions at threshold

excellent resolution,
kinematic constraining

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

T A Physics at STCF Xiaoru Zhou, talk @ charm 2020

ASTCFNS' 1x 10_4

tau properties

SM parameters: a_tau,
Vus, alphas etc.

Tau physics
CP in tau sector

v -  Higher Charmonium states
g-2 of muon

;_ QCD study and 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 Il
phases of D decay amplitudes
v" Measurement of absolute
branching fractions g
v Searches for rare and forbidden ] [ j v’ Physics of highly-excited

decays of the charm quark
CP violation in charm

@ quarkonium
w052 Molecular states

v
v’ Baryon interaction at threshold
v

Search for glueballs in decays of
v’ Precision measurement of the T v
lepton properties
Test of the v

ANERN

]/ and (25)
Michel parameters, tests of
electroweak sector lepton universality

of the SM v" Precision measurement of
hadronic T decays QCD, as, Vys- Test of the

v" Search for CP and T violation in electroweak model, searches for
T decays non-standard contributions
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Two-meson semi-leptonic tau decays

O Invariant mass distribution of t— - P~ P%v_decay: E v
g _ Glz-"VmeT Shad 1 — i i
ds 76873 PP M2 d' = Vyad + Vs

2S A2, — o
N {(Hm_))\g/zpo( S)IFE P ()] + 3 P;’A;/zpo(sNFé’P(s)F}

T

O What do we know theoretically about these FFs?

> their low-energy behaviors: given by yPT [Gasser and Leutwyler, Annals Phys. 158 (1984) 142]
> their high-energy behaviors (~ 1/s): given by pQCD [Brodsky and Lepage, PLB 87 (1979) 359]

> for the intermediate energy region: models

a2 s3 / @(S’)
@S+ 2 s+ — 7 /4m2 £ (s)3(s’ — s — iE)

O For vector FF: thrice-subtracted

v(S) = exp

dispersion representation

T
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- - v, decay as an example

O For vector FF: thrice-subtracted

3 /
m _ % 2 S_ / Cb(s )
dispersion representation: Fy(s) = exp |ans + —=57 + — - ds (S')3(s' —s — i)
D Form-faCtor phase ¢(S): Gonzalez-Solis and Roig, Eur.Phys.) C79 (2019) no.5, 436
200:‘Waltsor‘1’s theorem: (_|1|_> - (_||_) Py ] - /‘\\ rrrrrrrrrr . _;B_:_"é datls((ZIOOB‘l)IG \Ilz)
8) = brpsrnls i . - = 10! —— This work (squt=4 Ge
_ 150i¢( ) =19 (s) ‘mim;ﬁ : 5 ] L \\i‘ <+ This work (Suy-30)
;"jg i . Models: ] ' 770) .....
5 i A ! ! 1¢ *ee 5
E. 100} 2 «BWE) = o F ( p(1700
R & 0100
OE s 0.010. plLast) 4
0.5 1.0 15 2.0 ;
vaea 0.001: | | . 4
00 05 10 15 20 25 30
O Form-factor modulus squared |F}(s)|%: s [GeV?]
O Information on Resonance Model parameter (M,T) [MeV] Pole position (M, ") [MeV]
- ; p(1450) 1376(6), 603(22) 1289(8), 540(16)
e resonances: p(1700) 1718(4), 465(9) 1673(4), 445(8)
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Constraints on Im[é; ] 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 tensor OperatOr: LSMEFT O [Cg;u]klmn(EfizkauueRl)ﬁij ((j%mO‘I“WURn) + h.c. K
[nggg,u}klmn [(ﬂLkgpyeRl)(JLmo-MuuRn) - Vam (éLkO-pyeRl)(aLao-MyuRn)] + h.c.
g _ U @ U
" 1> K¢mv, & neutron EDM share the same WC:
€ A [053371]3321 = —2V2G V&

mr A
5~ Vies Im[ér (p1)] log —

du(ﬂ) = _2\/§GF - P

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

-5
|dn = g¥()dy ()] < 1.8 X 10726 cm = [Im[é/]] < ‘1';?2)
245

EDM collaborati PRL 124 (2020) 081803 ; A A §
I T e . Abply ~O(107%) (el ~strongest limit obtained so far!
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Constraints on Im[é; ] from other processes

O Caution: tensor operator (7o ,,7g)(u,0""up) can also associate with the WC combination

Vg Im[C é3)

equ]

3311 + Vus Im[0,§3) J3321 = 2V2G (ng Im[er]ssrr + VA Im[éT]sszl)

equ
\ 4 . . :
A > Wwhen delicate cancellation exists between

V2 Imle + V2 Imle log —
( almler)ss | T]3321) & I them, stringent limit on Im[é;] can be diluted

emr

dy (1) = —2V2G

7T2
O In this case, another interesting constraint on (7o, 7;) (¢ 0" ug) from D° — D mixing:

3 3
Vcd[C{gezlu]ssn‘l‘vcs[Cigezlu]3321: VuaVealerlssi1tVusVesl€rlssas \ double insertion

1 / —, (= » / o & ul)| D
MY = | Cy (i) (D°| (@) (7] uf) | DO () + C4 (1) (DO (€3 ) (€ ue) D) (1) | g T
2Mp < X <
/ 1 / 2 mz 2 A
Cy = 5C5 = 16GL (VudVea ler3311 + Vs Ves [er]3321)" log 1 ——
o 2";4;2' = (0.409 + 0.048)%, ¢, = arg (—Iflf) = (0.5873:35)°
U T

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

O Combined constraints from d,, and D° — D° mixing: lIm[é7]| S 4% 107°

"4

0.04
. oL _3 . o[ .
DB o —n/i W DD o/t > upper limit: |Im[er]| ~ 5 x 1072, significantly diluted
: B ey 0'008- _‘Sl\[ o
0.02} ,
' — Im[ég]=—3x 107"
0.006 o
- [ — Im[ér]=5x107°
& 0.0 0004}
: < '
<E> A
L 0.002
-0.02f [
0.000
_0.04 i ' i 1 i i i 1 i i i 1 L i i | |
-0.04 -0.02 0.00 0.02 0.04 000l
0.6 0.8 1.0 1.2 1.4 1.6 1.8
IHI[ET]3321 \/g [GC\/}

O Prediction for CPA with |Im[e;]| = 5 x 1073:  still has a significant impact on the CPA!
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Constraints on Im[é; ] from other processes

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

Loverr O [CLo Jkmn (Crrer) € (@) unn) + [Creaglkimn (Crxern)(drmdh,) + bee. o scalar operator
D [Céi;u]kzmn [(17Lk6m)(dLmuRn) — Vam(éLkem)(ﬁLauRn)] m) (V:7r)(SLUR) } (V. T) (1)
_ _ & ] TR
+ [Clredglkimn [Va*n(DLkeRl)(dRmuLa) + (éLkeRl)(dRmdLn)} +h.c. = (V;TR)(Spur) 1

fequ - V‘l:d [C{’edq]3321 £ VJS[Cfedq]Bszz_i_ V‘ljtkb [Cfedq]ggzs

]3321

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

» when potential cancellations exist between By B Creaq, allowed values of és can be diluted

fequ
[Olgi;u] §321 [Clggtgu] 3321

N 2\/§GFVUS ’ N zﬁGFVus

(és) ( 1.72 —0.0242)(65) (qﬁgu) ( 1.20 —0.185) (qg;;u)
. —\ —4 . B ~ \ —0.00381 0. (3)
er ) 1y cov) 217x 107 0825 J\er ) " \Chan) (s 0.00881 0.950 ) \cf) ) o
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O Mixing between scalar and tensor operators: ég = ér =




Constraints on Im[é; ] from other processes

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

lIm[ér]| < 4 x 1076 ==mp FIGAICBIIBSPRBEUNE comparable to JINE IR0 0R02x

O The scalar operator (7;7;)(c ug) C U
| AR double insertion - ® )
contributes to D° — D° mixing:
1 / —, O (= I )
MY = 53 | CaUn (DO @ ) (e u) D) )
m?2 A
) = =Gy —F (VusVes €5)* log —
Xy, = 22l _ (0409 + 0.048)% - U © ¢
' 2058 5y . : — Y- 0,
M . = N 2
& g <F_12> = (@580 )2 > Constraint from D° — D° mixing is one order of
12
HFLAV collaboration, EPIC 81 (2021) 226 magnitude stronger than from neutron EDM

Im[és(u,)] €[—3.1,1.6] X 107* @ 20 |ig Alp | max ~ 0(1073): of the same order as ASF
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Constraints on Im[é; ] from other processes

= - - 1 1)
O Caution: once cancellations occur, bounds diluted: Vudlm[C{ge;u]gglﬁVus[Cgequ]ggzl (for d,,),
PR VealCD Ves[CSD (for D° — D° mixing)
| calCrequl3siitVes[Coogylsszr (fOr D™ — MIXing
[ W nepuv 1
- : 0.008 .
0.02f ] — SM
- [ — Im[ég]=—3x10""
0.006} .
= [ — Im[ér] =5x10"3 7
Q 200 N 0.004]
= E
< i
[ 0.002
-0.02F I
0.000]
_004 M " " 1 M M M 1 A N " 1 A M N | ]
-0.04 -0.02 0.00 0.02 0.04 —0.00%6' : -018' : -110' - -112' : -114- . -1'6- Y
1111[65]3321 \/g [GCV}

O Predictions for CPA with Im[és(p,)] = —3 x 10~ *: slightly smaller than the SM prediction
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