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Outline

O Introduction
O CP asymmetries in T - K;mv, decays within the SM

O CP asymmetries in T - K;mv, decays in a general EFT framework

Arate _ N7 = [ 7 ken 07) —T(77 = [ 7 ke T vr)
O Summary TN = [ ke ) + T = [t a g vy

/ \ BaBar Collaboration, PRD 85 (2012) 031102 & Belle 11, 2604.23757

» commonly discussed decay-rate asymmetry

s 1 dzr('r_—>K5ﬂ'_1/.,) o d2l'(1'+—>K57r+17.,.)
-[:51_,- f—l cosa |: ds d cos ds d cos o ds d cos «

. 1 2 — — 2 + +
1f‘552_, [d Mr——Ksm—v,) + d°T(tT—Ksm VT)i| ds d cos o

> CP asymmetry in the angular distribution 2Js; Fdcosa & dcos
\ j Belle Collaboration, PRL 107 (2011) 131801
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- - - n2m%y 841004 % Knmovg
O 7 : discovered in 1975 by Martin Perl et al. (SLAC-LBL) v R008e
- 50 g K™V K Knndy,
. — . v, K, KoK mve
> Mass: m, = 1776.93 + 0.09 MeV; e %}i’}
> Lifetime: 7, = (2.903 £ 0.005) x 10~ 135 - T
§ 2hh*3ndv,
- = = -+ 0
O In SM, 7 decays via charged-current weak interaction: O S O A \Z’_’;tf,’v“ Ve
25.52£0.09 % ~ T
= 2hht2ndv
g : - — 2 m3nlv ity f
> purely (radiative) leptonic: T = v, £vy, T = v vy, ... 3 T \ 3h jh .
. TNV,
» semi-leptonic (hadronic): t - v,m, T - v Km, ... ] E
g M

1083+006% [ 40

> rare and forbidden LFV, LNV, BNV, ...: T - uy, uuy,...

6 modes account for 90%, and 25 modes for the last 10% s
O 7 : the only lepton that is heavy enough to decay into -0 2
Cabibbo
i A - o suppressed
hadrons with a branching fraction of Br =~ 65% _— Cabibbo allowed

O Tau lepton: very rich phenomenology; biennial tau workshops!
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Semi-leptonic (hadronic) tau decays

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

- d,s - a (m2) = 0.2983 + 0.0101

r—sv.+had ~ RGE l Boito et al,, 2502.08147

inclusive v, | as(mz) = 0.1159 £+ 0.0014

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

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

Decay channel Resonances
P Hadrons T > 71 71U, p(770), p(1450), p(1700)
— T = K™ Ksu- p(770), p(1450), p(1700)
T — Ksmur K*(892), K* (1410)
- Z% T — K_'n(’)z/ur K*(1410)

u T~ =1 "y, 00(980)

exclusive

O Offer further possibilities for CPV studies in the SM & beyond |I. |. Bigi, 1210.2968; 2111.08126]
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Semi-leptonic (hadronic) tau decays

- L - G
O Amplitude for a generic hadronic tau decay: M (z > Hv,) = \/_%VCKM [u, y*(1 —ys)u,] H,

H, = (H|(V, — A,)e*%ee0]o)

Form fact QCD ,
i D 2. 15 Jorge Portolés, talk @ tau04
2 (et o e oy FilG50) E
E > I\/IP
Chiral Symmet
Lorentz structure y ry Perturbative QCD
3 i \ SUL(Ng) @ SUg(Ng)
encoding strong interaction effects / ‘ .
on ) Large Asymptotic behaviour of
; iral Perturbation Theory N spectral functions
O Main task: evaluate these FFs ic
E~M,
Analytic functions Resonance Chiral Theory

" T

— —

_— ~_ V, (1~ .
17 } L6 =% 4 OV, A,

— = - off
Dispersion relations A1)

Unitarity

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 - Ksmrv,) = (0.404 + 0.002(stat.) + 0.013(syst.))%

> Differential decay distribution within the SM:

dlg,  GplVys|*M; St s o ile, 30% L
= e s (- ) (14 2 bt + S et
> Hadronic currents parametrized by two FFs in SM: K*(892) + K*(1410)
q9"q" % a 1 ~kkg b
Jt=F,.(q*) (g”" 2 ) (@1 — q2)v + Fo(q*)q" ) L E%a )
10° o 3

K*(892) alone

B non-tt

-
o

v' K*(892) alone not sufficient to describe

the Km spectrum

3
Neyenrs/(11.5 MeV/c?)

Ngyenrs/(11.5 MeV/c?)

-

v' Fitted result with K*(892) + K*(1410) can

0.8 1 1.2 1.4 1.6 0.8 1 12 1.4 1.6

reproduce data well [p. Epifanov et al. [Belle], PLB 654 (2007) 65] s, Gevrc? Vs, Gevre?
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Why 7 - K,nrv, decays

O Promising for CPV studies both within the SM and beyond

> Decay-rate asymmetry in 7 - K¢y, decays:

rate __

Acp =

M7 = [nTn ket i) —T(r7 = [77 7 ke vr)

(7t — [ntan— ke mto:) + (71— — [7T7n~ ke T V7)
2 80 AP = (—3.6+23+1.1) x 1073
deviation SM

Alp = (3.6 £0.1) x 1077

[I. 1. Bigi, 1210.2968; 2111.08126]

BaBar Collaboration, PRD 85 (2012) 031102
Belle 11, 2604.23757

> CP asymmetry in the angular distribution of T - K;nv, decays

i
Acp =

l. Bigi and A. I. Sanda PLB 625 (2005) 47
Y. Grossman and Y. Nir, JHEP 04 (2012) 002

fsz,i fl T |:d2r(T_—>KS7T_U1-) . dzr(T+—>K57r+17«r):| B Vs [GeV] A8 [1077] ASGi [1077]
PR | - ds d cos o ds d cos o ‘
511' - AR — e 0.625 — 0.890 0.39 + 0.01 70430428
D i T —KsTm . T STy
L , + } ds d cos «
2 Jsy f*1 [ 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
compatible with zero with a sensitivity of O(1073) 1401775 0214005 23101455

O Can be used to probe many BSM effects: H*, leptoquark, ...
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T - K¢mv, decays within the SM

O Tree-level Feynman diagrams in the SM: " only decays into K°(K°) due to A4S = AQ rule

O In the SM, vV, is real (i.e. no weak phase) and the two CP-related processes have the

same strong phase

no CP asymmetries
L A(T+ — KOW+DT) = A(t™ — K'Oq_y,r) m=) | in both decay rate &
angular distribution
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T - K¢mv, decays within the SM

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

rather than the flavor (|k°), |[K°)) eigenstates K
5 q|--------- . Ks
oy = AFNED ARG oy VEIFID) 0y oy € characterizes the |
amount of CPV in the
7 0 5 ; K°
K}) = Lol — U oIk >; K = ALt Iel) 1K) — |K%)]. neutral kaon system ‘
2(1 + |e|?) 2(1—¢) ,
Ky
O In the absence of CPV, € = 0, we have in the SM that : |4+t = K70,) = A- = Ko7 v,)
K% + |K° 21 (— o 2 (e 0, — 3
Ks) = o L (1" = Kgpnvr)  1d°D(1” = K'nvr) no CP asymmetries
V2 ) ds dcos « 2 ds dcos o > |
IK°) — |K°) d*I'(t" — Kgpn'oy)  1d°T(r" — K'ntiy) in both decay rate &
IKL) = N ds dcos a 2 ds d cos « angular distribution

O However, CPV in neutral kaon system is well established: |e| = (2.228 + 0.011) x 1073
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T - K¢mv, 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 state is reconstructed via the 7"~ final state

O When the kaon decay time is long enough, the 7=+~ 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 is important for studying CPV!

O Time-dependent & doubly differential decay widths:

_ s: the Km invariant mass squared
d*U(1™ = Kgpn v, = [r7n7|n7v,)  dPT(r~ = K7 vr) o %

DK (t) = ntn),

ds d cos o ds dcos « . :
dzl“(’r*' & Koty — [rrant o) B 2T (r — KOt i,) F(Ko(t) I = «a:the angle between the directions
ds d cos « B ds d cos « T of K & T seen in the K rest frame
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Time-dep. CPA in the angular distribution

CalinTe-cER-Ce ASYIMMEGANGS J22 1 cosa [ 12 POT e e (1) dt = S5 [ P(OT o (1) dt] doo
T AT (b, ty) = ———— — —
the angular distribution: L [ [ PO e (8) dt 4 L [[2 PO (1) dt] doo
(dw = dsdcosa) ((cos )T+ (cos oz)f) AP (t1,t9) + ((cos )T — (cos a)f)
> bin choice [sq;, 5] ) L+ AR (t,12) - AT
» timeinterval [t{, t;] tau decay width weighted by cosa - .
) %2, fi cos v [dr'f 4+ 97 ]dw
> exp.-dep. effects parametrized by F(t) - ot s,i U1 dw dw
(cosa)] + (cosa)] = — —
L2 I [ + | dw
ACP(t + ) tt12 F(t) [fﬁ+ﬁ_ (t) - F7T+7T_ (t)} dt o
K (l1,%2) = = =) CPA in kaon deca _ _— -
fttf F(t) [F7T+7T_ (t) + Fﬂ'-"—ﬂ'_ (t)} dt Y . + sizﬁj,-f fil cos |:dl;fw - dgw ] dw
s2q (1 [dr7”  drt (cos)i  —(cosa)i = — i (1 [art— | artt
AP = fsf’i = [ bW }dw# CPA in tau decay 2 5512,3‘ 4 [ do Tt du ]d“
Tt sa,; rl T +t
fsi; f—l {dzw + dgw } dw
+ —_
dlr'” dlrr” . -
| s = — AY =0, (cosa); :(cosoc},-+
O Within the - dw dw
At = K%)= A(r~ — K°n " v,) —> U
SM: _
A@-C'P(tl, tz) =2 <COS a): A?(P(tl, tg)
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Decay-rate asymmetry within the SM

O Within the SM, since AP = 0, the decay-rate asymmetry is exactly equal to 45"

- L, [ dtF(T(KO(t) —» m°n) =T, [ dtFT (K (8) — w7 AP (1) = do PO [Frer () = Do (0]
raet t — 1,02) = /3 — 5
cp\t1, 12 _ PEM) T+ —(t)+ T 4 ()] dt
D, [ dtF@T(KO(t) > w*n) + T, [ dtF ()T (K (1) » w0 ) Jo O [t () F T ()
. ASP + A?{P(tlv t2) . ACP - Belle Il (preliminary)
- 1+ ACPACP(t ¢ ) — 41K ( 1 2) Electron tag{ [£ dt=361.65 fb? r—TO——
T K \"D 72 Belle II, 2604.23757
o AL (t1,12): CPV in K° — K° mixing B 2%22;‘," .
te1 Belle Il ' i
AP (1 < r—l,rgl <ty < T~ —2Re(ex) = —(3.32 4 0.06) x 1072  combined| = BaBar —e—i
h<t<t |
F(t) = ' > Y. Grossman and Y. Nir, JHEP 04 (2012) 002 BaBar - |
0 otherwise. |
I -15 -1.0 -0.5 00 05 1.0 1.5

Asymmetry [%]

efficiency function F(t) provided by BaBar

2.820 __ Apip.,, =(-3.6+2.3+1.1)x1073

OSMresult: | A8 = (3.6+0.1) x1073 1.240
— A = (7.14+2.64+0.6+1.5)x1073
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Time-dep. CPA in the angular distribution

O Within the SM, CPA in angular distribution: |AS(t1,t9) = 2 (cos )T ASE (11, 12)

AP () <« TG T <ty < T7Y) ~ —2Re(eg) = —(3.32£0.06) x 10~ as input!

ar = - ~
O For (cosa); : depending on the two normalized FFs Fy o(s)=Fy(s)/F,(0)
~ f_ll cos & (dfzdf:;;a) dcos o
cosa)” (s) = _ . Axr
s ™ (3 I (—djzfcgga) dcos o (K°(p )7 (pr) |37"u| 0) = |(px — pr)* — B q"| Fy(s) + f q"Fy(s)

2 A RelF (5 ()A? (5, M M)

) Eoo) (14 28) 3 (s M m2) 303 |Fo(s)| mm) due to interference between vector & scalar FFs

e Vector form factor : the thrice-subtracted dispersion representation

D.R. Boito, R. Escribano and M. Jamin, Eur. Phys. J. C59 (2009) 821 For CPV studies, the
2 5cut - .
O Hadronic Fi(s) = exp {A et (,\+ N3 i / e !E)} Breit-Wigner forms are
FFs: o Scalar form factor : the coupled-channel dispersive representation - not applicable, since they

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

. 1 Gl )F3(s" )ty (s')" _ _ et
F()S:— 1:K7r,2:K,and3:K |
=3 Z/ g-s—ic ! ") theorem & unphysical!

j=1"vs
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Time-dep. CPA in the angular distribution

O Numerical results for A (¢4, t,) in four mass bins: Our SM predictions still below
the Belle sensitivity of 0(1073),

CP -3 CP -3
Ve GVl Asw, 1077 Acxpi 110771 ni/Ns [ but are expected to be detectable
0.625 — 0.890  0.39 + 0.01 79+30+28 36.53+0.14
0.890 — 1.110  0.04 + 0.01 1.8421+1.4 57.85+0.15 at Belle 11, with V70 times more
1.110 — 1.420 0.12 4+ 0.02 —46+724+1.7 4.87 £ 0.04 sensitive results!
1.420 — 1.775 0.274+0.05 —23+19.1+55 0.75+0.02

Belle-Il, PTEP 2019 (2019) 123C01

as large as the SM prediction for Afe T T
O Two more predictions: 9
, ASH =(3.6+0.1) x 1073

-0.13—
(3.06 4+ 0.06) x 1073, 0.70GeV < /s < 0.75GeV = 02

AT (1y,15) = S ool
) {(1.3810.18) x 1077, 1.40GeV < /5 < 1.50GeV =~ _osf

~0.4f

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

- S S T S
violating angular observables in such two mass intervals?
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T - K¢mrv, In a general EFT framework

O When NP presents A(tt = Kn'o,) # A(t™ — K'n 7 vy)

in tau decays: ~ -
rT r‘T B
ddw 7+ ddw — AT #£0, (cosa)] # (cos oz),-T+

O CP-violating observables: [AZCP ~ ((cos a); + {(cos a)f) AT + ((cos )T — (cos a);ﬁ)}

A
O General low-energy effective Lagrangian invariant under SU(3): Q U(1).,,:
GFVus [ _ .
Lo = — i@ {T%(l —ys)vr - a [y — (1 — 2€r)y" 5] s

+7(1—ys)vr - d[€s — €pys] s + 2€7 Topu (1 — ys)vr - Ua””’s} +h.c.

O Decay amplitude for t~ - K’nv,: M=My+ Ms+ Mr

G VUS ~k Ak v
— f/i [L,H" 4+ ELH + 2&5 L, H*]
— —+
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Tensor form factors

O Leptonic currents: O Hadronic matrix elements:
L=i(p.,)(1 +7)u(pr). H= (K 5ul 0) = Fs(s)
Ly = (po, )3 (1 = 75)u(pr). HY = (K [57"u | 0) = Q“Fy(s) + “2 g Fo(s)
Ly = u(py, )ouw (1 + v5)u(pr) H* = ("K' | 50" u | 0) = fFTA(S) (PkPx — PrPK)

O Km tensor FF: due to lack of enough exp. data, 5

Fr(s) = Fr@ e {2 [~ ay o ML

T Jsp.  S(s —s—ie)

the once-subtracted dispersion representation

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

(] EifPT — Al <tf"_'/ f_l_#,/)—fAQ <ti’“' U#UV> —|—A3 <t,ib’ t—HW> +A4 (t,iu>2 ®/,

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

PT
SL%
Oty

(Koo

A ;
0> =iz (Pkpi—picrs) = | Fr(0) = A,/FZ, 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-dependence of these FFs, we have included two spin-1 resonances

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

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

/7
RxT o 1 1 N T /0
\
l Ecker, J. Gasser, H. Leutwyler, A. Pich, and E. de Rafael, PLB 223 (1989) 425 N
N\
AN
i T T/ \
FT(S)—A—E 1+\/§va\/ 25 +\/§fvglv 25
Fﬁ._ A2 MK*—S A2 MKH_S

_ Fr(s) = Fr(s)/Fr(0)
Ay [M%. + Ps ps

=7 | s 7. energy-dep. width y,,(s) _ m2. — kg Hyz(0) + ps B Bs

D(mg+,yk+) D(mg,ygv)

T
= @ — 1 = +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)

2026/08/31 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:

s [ o (s’)
F =F - ds’ =
T(s) T(O)exp{w o s s’(s’—s—ie)} g
5.(s) = {arctan[m], St L 8 By %j
nrrw, S = Sout

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

> in elastic region (below ~ 1.2 GeV), 67(s) = 6.(s)
as required by Watson’s theorem [K. M. Watson, Phys. Rev. 95 (1954) 228]

> in inelastic region (above ~ 1.2 GeV), dr (s) and é. (s) start to behave differently due to

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: N(rt = K%to,) - T'(r— — K%~ v,)

I(rt — KOto) + T'(r— = K%~ v;)

AR (T — Krvy) =

0 N 2
only vector-tensor interference _ Im[ér] GF[Vus|*Sew /m?r a1 m? \2
1283 m2 T(1 — Kgmvr) Jsge,

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

O CPA in angular distribution: N -
Ap ~Akr Sew — / .’ { T (:[E_S]m ) Im [Fy(s)Fo (s)] —

n;

2Iml[ér]

T

Im [Fr(s)Fo (s)]

from both scalar-vector and

scalar-tensor interferences  + Kl L+ Relés]

s m-(ms—m

2Re[€‘r]

T

U)) Re [Fi(s)Fo (s)] — Re[FT(s)F;(s)]} Af;”} C(s) ds.

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

Re[és] = (0.870% 4+ 0.3)%, Re[é7] = (0.9 £ 0.7 £ 0.4)%
S. Gonzalez-Solis, A. Miranda, J. Rendén and P. Roig, Phys. Lett. B 804 (2020) 135371
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CP-violating observables in general EFT

O Fit results on Im[ég ;] from B, and ALY ; in four different bins from Belle:

exp,i
4 2 —— — 2
X2 — Z Ag)fp,i - Atc}f), n Bexp — Bth
- (o oB

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

90% C.L. (dashed) Im[é;], as both vector & tensor FFs are dominated
_ ' by K*(892) and K*(1410), and hence have almost
0.05r
' the 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(10™1), which is

1] S S P LA much weaker than 2|Im[é;]| < 107> from neutron
-0.04 -0.02 0.00 0.02 0.04

Im|[ég] EDM & D° — D® mixing [v. Cirigliano et a/, 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:

0.04

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

distributions have almost the same magnitude but

0.02F

opposite in sign in whole K invariant-mass region

EE; 0.00|
002l g > the non-standard scalar and tensor contributions
[ — Imlég]=—0.008 are about one order of magnitude larger than that
“004r _ Imfeg]=0.03 : by o,
e with the SM prediction
0.6 0.8 1.0 1.2 1.4 1.6 1.8
Vs [GeV]

O We strongly suggest Belle I1 & STCF to make more precise measurement of these CP
asymmetries in the angular distributions
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 CPV 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 IT & 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. 85 deviation for A7 not easily explained by heavy NP

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

0.008

0.006

-0.002
0.6

2026/08/31 Xin-Qiang

0.8 1.0 1.2 1.4 16

Vs [GeV]

1.8

sensitive to BSM scalar & tensor interactions!

0 Measurable @ Belle II & STCF?

Thank you for your attention!
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Backup
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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[ég ]

O For the tensor operator: Lsyprr O [Co2), kimn (Coxuwert) e (@), 0" upn) + hec. !

J dim-6 SMEFT operator

[Cégg,u}klmn [(ﬂLkgpyeRl)(JLmo-MuuRn) - Vam (éLkO'#VBRl)(Q_LLaO'MVURn)] + h.c.
~ _ U ® U

T - K¢mrv, & neutron EDM share the same WC:
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du(p) = —2v2GF

> Assuming the neutron EDM receives contribution only from ¢;, we get:
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LA R (1079 4——] strongest limit obtained so far!

ld = g (e ()] <l 85561 0ge® excinmmp | T[] s 4 x 107% for A = 100GeV & u, = 2GeV

nEDM collaboration, PRL 124 (2020) 081803
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Constraints on Im[é; ] from other processes

O Caveat: tensor operator (7o, 7x)(u;0*"uy) 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]ssu | T]3321) & I them, stringent limit on Im[é;] can be diluted

emr

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

3 3
Vcd[C{gezlu]3311+vcs[C{ge;u]3321= VuaVealerlssi1tVusVesl€érlssas Vouble insertion
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2Mp < X <
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Cl = 503 — 16G% — (VuaVea ler]3311 + Vs Vs [€1]3321)” log e  —
oo = 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°
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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 the scalar operator: originate from the following two SMEFT operators

LsMEFT O [Otgi;u] ktmn (Crer) € (@1, umn) + [Credglktmn(Crper) (drmdl,) + hoc. scalar operator
_ dim-6 SMEFT operator V. S
» [Céigu]klmn [(ﬁLkeRl)(dLmuRn) - Vam(éLkGRl)(ﬁLa“R”)] R } (v.TR)(SU)
_ _ i 3 T
+ [Credg)ktmn [Va*n(DLkeRl)(dRmuLa) - (éLkem)(dRmdLn)] +h.c. =mmp (V;TR)(Spur) 1
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» constraint on é; can be obtained from other processes;

» when potential cancellations exist between By B Creaq, the allowed values of ég can be diluted
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O Mixing between scalar and tensor operators: s = 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

IIm[ér]] < 4 x 1070 =) EIGEOBIIESPAPSUREE comparable to I IERRR =R

O The scalar operator (7;73)(c ug) C % U
contributes to D° — D° mixing: Sgile medigien
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' 2# 5% 5y . : — Y- 0,
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& g <F_12> = (@585 000 > Constraint from D° — D° mixing is one order of
12
HFLAV collaboration, EPJC 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 ASL
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Constraints on Im[é; ] from other processes
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O Predictions for CPA with Im[és(p,)] = —3 x 10~*: slightly smaller than the SM prediction
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