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The theoretical value and experimental measurement of the CP asymmetry
in the decay widht of 7 — Ksmv; are given respectively by [2, 6]

A, =3.32(6) x 1073 (1)
AZE = -3.6(2.3)(1.1) x 10 (2)

this sign difference implies a 2.8¢ discrepancy.
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An early approach to solve the tension

To get CPV, interference between amplitudes is needed

A=A (3)
Acp O(’A1+A2|—|f{1+/(2‘
= —4|A1||Az|sin6°sin 6%, (4)

with relative weak and strong phases given by
5s(w) — 5i(W) _ 5;(W) (5)

Relying on this simple fact, Ref. [3], considered heavy new physics effects
in the form of interactions between tensor (NP) and SM currents to
explain the anomaly. Later on, effective field theory methods challenged
this possibility.
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Low-energy Effective Field Theory Computation

The most general Fermi-like effective Lagrangian for the
7~ — uDv,(D = d, s) decays is given by [4]

P G2Vi,p
EFT = —
V2
D+ 7(1 —vs)vy - G[e2 — eBs]D + 28270, (1 — 75)vr - 0" D}
+ h.c.

(1+€ef + eR){Fvu(1 — ys)vr - G[y* — (1 — 28R)7*s]

(6)

with corresponding decay amplitude for the 7= — K~ 7%, decays
(equations of motion were applied)
GF Vus

M~ = K 7%, = 2 (L H" + €sLH 4 2&7 L, H*™] - (T7)
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Low-energy Effective Field Theory Computation

where the lepton and hadron currents are defined as

L = a(py,)(1+s)u(p-), (8)
Ly = d(pu,)vu(l —s)ulpr), (9)
L = a(py,)ouw(l+vs)ulpr), (10)
and
H = (x o) K (pr)I5dI0) = 2K ), (11)
= <7r° K~ (px)[57"d0)
= (pﬂ' - pK)'u + %q“ F+(5) AKW uno( ) (12)

H* = (7°(pr)K ™ (pk)|50""d|0)
= iFT(s)(Phpk — PkPY) - (13)
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CP Observables, CP asymmetry rate

From the latter matrix elements it is straightforward to obtain the
CP-asymmetry rate and the Forward-Backward asymmetry [8]

M+ — Kn%,) —T(r— = K 7%;,)
Tt = Kta%,) + T(r— — K—70u;)
2
2

_ Sml[éT]GR| Vus|*Sew /M2 as(1- M i
C128m3MT (T = K7OUr) J(myctma 2 s
N2 (s, mi, m2) x |Fr(s)||F+(s)|sin[d7(s) — .4 (s)] (14)

The constraints on d7(s) — d+(s) (given by Watson's theorem) and on
Smlér] (from D — D mixing and the neutron edm) preclude a natural
explanation of the BaBar asymmetry by heavy new physics [4].

Arate (7_:|: N K:tﬂ'o VT)
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CP Observables, K, — K, mixing

The expression in the second and third lines of eq. (14) corresponds to the
new physics (NP) contribution to AZS, WhICh coincides with AZE for
those modes without neutral Kaons. In the 7+ — K*Ksv, case, this
observable is dominated by the SM contribution, according to [3]

rate rate
Arate _ |5M + A ‘NP
1 +Arca;§e‘5M X Arate’NP
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CP Observables, FB asymmetry

1 &%r(r~ =K =) 0 d*M(r~—=K ='v,)
AT’—>K’7r°uT (S) _ fO ds:cosa dcosar — —1 ds:cosa dcos
FB - 1 d2r(7'* K*Trou,-) 0 dZF(T* K77I'OV7-) ’
fO ds:cosa dcosa + f—l ds:cosa dcosa
(16)
The CP-FB asymmetry actually fulfills the relation
Arg(s) =3/2 < cosa > (s) (17)
with
1 dzr(T’—>K*7r01/T)d
< N ( ) f—l cosa dsdcos cosa N(S) (18)
Cos S)= = .
Ik (Mdcosa> D(s)
-1 dsdcosa
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CP Observables, FB asymmetry

Where, in turn

__* 1/2 655 *
N(s) 3AK7T)\ (s, m%, m?)Re K 7M7(ms — mu)) Fi(s)F§ (s)]
8s 1/2 2 2 o _ é&s *
+ I Apr N (s,my, mz)Re €7 [ 1+ M- (ms — my) Fr(s)F5(s)|,
2 2s € ?
D(s) = 1 Fo(s)P+202 |14+ —— 5%
(9= 336 mim2) (14 2 ) IR0 4 28 1+ B0

Fls)F o+ SN i) [ser (2 722 ) Fr(o)?

- %%e[era(s)F;(s)].
(19)
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CP observables, a FOM for CP-FBa

Since the FB asymmetry observable is not given by just a number, as the
rate CP asymmetry (CP-FBa), then we propose the following figure of
merit to represent the CPV signal strength

M2
F(e2,e2) = /( Arg(s; é2,¢2)| ds. (20)

my+my)>?

The optimal choice maximizing this quantity, shall be considered the
maximal CP-FBa.
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Form-factors input

We will use a dispersive representation for the form factors.
For the pion vector form factor we used a thrice subtracted representation

and one subtraction for the scalar and tensor ones. [15, 5, 10, 14]

3 foo ! /
T _ % 2 i di 5+(5)
FI™(s) = exp a15+25 +77Am3f By _<_ol’ (21)
(3 [ 4 o1 (s ]
Fir(s)=exp |~ | — -T2 22
Fe=ee| T [ ST (22)
(3 [ ds’ do(s") ]
Frm(s)=exp | = [ S 208 | 2
07 (s) = exp W/le% s’ s —s—1i0 (23)
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Tensor form factor phase

As we will be seeing, Watson's final state theorem limits our possibilities
to observe CPV induced by heavy new physics in these decays. Due to
these restrictions we (also [4, 5, 8]) estimate the phase of the tensor form
factor considering

5.(s) — d7(s) = 207°(s) (24)

Where 5Te’(s) is given by the inelastic effects arising from the pion vector
form factor only.
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Form-factors input
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Figure: On top, pion vector form factor. At the bottom, tensor form factor
derived from the estimator described in the latter section.
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Vector and Tensor Form-fac
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Figure: On top, tensor form factor phase. At the bottom, vector form factor
phase.
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Watson's final state theorem

Let us consider the matrix element ((77);; out|J|2), where J is some
current with the property of being time reversal invariant TJT ™! = J, then

((em)iout|JIQ) = ({(z7)s; in|J[Q2))"
= Z ({(w)y; in|n; out)(n; out|J|Q2))"

n
= ((7m)y; out|(wm)y; in) ({(7m);; out|J|Q))*
= &2 (((zrr)y; out|J|Q))*, (25)
Thus, in the elastic zone, the phase of the strong amplitude depends only
on the quantum numbers involved in the elastic process (7w7); — (7m);,
which coincides with the one from scattering phase shift.
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Bounds on the New Physics coefficients

The Fermi-like Lagrangian is obtained as the relevant part of the
low-energy limit of the SMEFT Lagrangian. This connection is useful to
constrain the imaginary part of the scalar and tensor Wilson coefficients
We will start with the tensor operators. In the gauge basis one has (see
[4, 8] for more details)

Lsmert D [Cg(jgu]k/mn(EikUWGR/)EU(C_IimJ“”uRn) + h.c.
= [Cg(jo),u]k/mn[(17LkUuueR/)(C7LmUWURn) — (BLkopver))(TLmo™” uRrn)]
+h.c., (26)

where the left-handed lepton and quark SU(2); doublets are
¢, = (vi,e)" and g = (u,dL)" and the corresponding singlets are eg
and ug. SU(2).(family) indices are i, j(k, I, m, n), respectively. In the
down mass basis,
Lsverr D [Cg(jgu]klmn[(DLkO';weRI)(JLmUleRn)
—Vam(éLkUu,,eR/)(L_ILaO"uVURn)] + h.c. (27)
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Bounds on the Wilson coefficients

o]
5

u w wu C

Figure: Feynman diagrams involved in the EDM and Dy — Dy mixing.

The tensor operator (710, 7r)(U 0" ur) contributes to the up-quark
EDM d, (1) through the left diagram, with the interaction term

Lp = _édu(ﬂ)ﬁauu75UFuy7 (28)

which relates to the neutron EDM via the flavour-diagonal tensor charge
[22, 23, 24]
dp = g7 (1) du(p)- (29)
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Bounds on the Wilson coefficients

After a double insertion of the operator (770, 7r)(CLo"” ur) into the right
diagram, one arrives at the effective Hamiltonian, in the m. = m, = 0 limit

Her? = Co(ciug)(c/ ug) + Co(cf ug)(c/ uR), (30)
where the coefficients, the off-diagonal matrix elements of the latter Hamiltonian,

and the theoretical mixing parameters of the D-meson system given respectively
by

m. A
C *C3 = 16G2 ( ud Ved [GT]3311 + (Vs Ves [6T13321) /Og;a (31)
1 —a o\ (= N — —« B
MY = 1 | C(Dol(E} uR) (e uR)| D) + G (Dol (€ up) (et ug) Do) . (32)
2|MPY MNP
]/-\éP — |r1 | ]I_VZP — arg< r12 ) , (33)
D
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Imaginary Part bounds

The LEFT (Low-Energy EFTor Fermi-like ) and SMEFT coefficients are related at
tree level by [C}., J33mn = —2v2GgV,pe2*.
(see [8] for further details)

@ If the neutron EDM ! is mainly contributed by a single €‘7)-, then

M
du(n) = —2v2Gr =

A . A

> VipSmlez(u)] log =7 (34)
which yields |[Sm[es]| < 4 x 1078 and |%m[€dT]_| <8x 1075 for A > 100
GeV and p = 2 GeV. The constraint on D% — D° mixing will then come
from ¢ = Sm|V,p che%S)]

1We recall that [8] dn = g%(1)du(p), with g%(2 GeV) = —0.204(14) [22, 23],
|dn| < 1.8 x 107%e cm at 90% confidence level, C. L. [24].
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Imaginary Part bounds

We turn now to the scalar operators in the SMEFT , which, in the fermion
mass basis read

LsmerT D [Cg(:gu]k/mn [(Zrkerr) (dimurn) — Vam(ELker)(dLaUrn)]
+  [Credglkimn [Vin (Fikerr) (drmuLa) + (ELkerr) (drmdin)] . (3!

LEFT and SMEFT coefficients are related by (we neglect the contribution
proportional to V)

~2V2Gr V}peR* = [C(2) Jasam1 + Vig[Credql3mt + Vs Credglazma.  (36)

In the scalar case the strongest constraints come from D% — DO mixing,
implying Sm [é2] € [-3.1,1.6] x 10™* at 95% C.L as can be seen in [8].
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Real Part bounds

The real parts of the Wilson coefficients are most effectively constrained
by analyzing CP-conserving inclusive and exclusive semi-leptonic tau
decays. In the following we will consider only the results from the exclusive
study [25]

Reled] = (1.0138) x 1071,  Re[eq] = (0.47533) x 1072, (37)
with a correlation coefficient of 0.452, and
Re[ez] = (0.8+£0.9) x 1072, Re[e5] = (0.5+0.8) x 1072,  (38)

with a negligible correlation coefficient of —0.057.
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CP asymmetries in the 757° channel

In this case the SM contribution is negligible, so using, for the NP part, we

find

Ate| . <3 x 1072, (39)

Clearly too tiny to be observed soon
The maximal Agg|rr is shown by a blue solid line in the figure.

0.5 - —
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. » . \/§>(Gev) -
Figure: Maximal ATFE’”O”’(S) (blue solid line), corresponding to Re[ed] = —0.46
, Smled] = —2.7 x 107*, Re[e?] = —7.2 x 1072 and Im[e}] = 8 x 1075,
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FOM for the 7 — 7% . channel
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Figure: 3D density plot for the FoM on the available parameter space, setting
|Sm[ed]| = 8 x 1075, for the 77® decay channel.
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CP asymmetries in the K*Ks channel

The most interesting channel is given by the one with KT Ks mesons in
the final state, whose total asymmetry rate (including Ky — Kp oscillation
effects in eq. 15) is given by

AL i = 3.8 x 1073, (40)
with a maximal NP contribution given by
AZE |k np < 2.3 x 107* (41)

Noticeably, a 5% precision on the measurement of AZE® would already be
sensitive to the maximum allowed NP contribution in this case.

Daniel Arturo Lépez Aguilar, Javier Rendén, | SILAFAE Nov 2024



CP asymmetries in the K*Ks channel

1.1 1.2 1.3 1.4 15 1.6 1.7
Vs (Gev)
Figure: Maximal A7z "%¥7(s) (blue solid line), corresponding to Re[e] = —0.46
, Smled] = —2.7 x 1074, Re[e?] = —7.2 x 1072 and Im[e}] = 8 x 1075,

compared to the SM case (black dashed line).
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CP violating asymmetries in the K*Ks channel

—0.05 0.0001

—0.00010Im{es}
—0.0002

Figure: 3D density plot for the FOM described in eq. (20) on the parameter
space, fixing |Sm[éd]| = 8 x 1075, for the KKs decay channel.
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CP asymmetries in the K*7° channel

Finally, the maximal rate for the K=x0 channel is given by
AEE |kx <6 x 1077, (42)

Again, a too small effect to be observed soon.
The corresponding Afgg is displayed in the figure

0.8 1.0 1.2 1.4 1.6 1.8
Vs (Gev)

Figure: Maximal A;B?K”o”’ (s) (blue solid line), corresponding to

Re[es] = 2.3 x 1072, Sm[es] = —2.7 x 1074, Re[e5] = 1.8 x 102 and

Smles-] = 4 x 107°, compared to the SM case (black dashed line).
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FOM for the 7 — K7%, channel
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Figure: 3D density plot for the FoM described in eq. (20) on the parameter space,
with |Sm[ed]| = 4 x 107°, for the decay channel with K~ and ¥ in the final
state.
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Conclusions

Solving the puzzle related to the anomalous BaBar measurement of AZ5
for the Ksm channels, whose odd result implies a deviation at the level of a
2.8 o, can shed light on novel CP violation mechanisms. EFTs show that
heavy new physics cannot explain it unless unnatural fine-tuning is invoked.

In this work we have examined (within the same framework provided by
EFT) the rate and forward-backward asymmetries for the other two-meson
tau decay modes, focusing on the (7/K)n® and KKs cases, being the
most promising one turns out to be the di-Kaon channel, where
measurements of AZE® with a 5% precision would already be sensitive to
NP contributions that are currently allowed.

We hope that our analysis motivates the Tau physics group at Belle-Il to
tackle these interesting analyses that we are proposing. They will also be
attractive for the planned super-tau-charm factories. If future facilities
produce polarized taus, this will open a bunch of new CP violating

measurements exploiting this feature.
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