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STATE OF THE ISSUE

The theoretical value and experimental measurement made by BaBar of

the CP asymmetry in the decay width of 7 — Ky mu, are given respectively
by 1:

BABAR ANOMALY

AZL =3.32(6) x 1073, (1)
AZY = -3.6(2.3)(1.1) x 1073, (2)
this sign difference corresponds to a 2.8¢0 deviation.
NEW MEASUREMENT (BELLE-II)
AZY  =7.1(2.6)(0.6)(1.5) x 10> (3)

now the current uncertainty corresponds to a 1.24¢0 deviation.
lsee: arXiv: 1109.1527, 1110.3790, 1101.0349, 2604.23757.
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How 1O GET CPV ?

To get CPV, interference between amplitudes is needed

Aj ‘A ’ e J e J 9 (4)
ACP O(|A1+./42‘ *|A1+A2‘2
= —4|A1]|A2|sin6°sin 6", (5)

with relative weak and strong phases given by
5s(w) — 5i(W) _ 5§(W) (6)

Relying on this simple fact, Ref. [6], 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 [7, 8, 9] 2
challenged this possibility.

2arXiv:1712.06595, arXiv:1902.08143, arXiv:1909.05543
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LOW-ENERGY EFFECTIVE FIELD THEORY
COMPUTATION

The most general Lagrangian for the 7= — wDv, (D = d, s) decays is
given by [10, 7]

MOST GENERAL FERMI-LIKE LAGRANGIAN

G2V,p

Lerr = — V2 (1+ € + eR){Fru(l — ys)vr - Gy — (1 — 28R)y*75]D

+7(1 — y5)vy - G[E2 — €Bys5]D 4 26270, (1 — 45)vy - G0 D} + hec.

(7)

1
M5~ = K=7%;) = 1 Gr Vas [LyH + E5LH + 265 L ] 2 (8)

3The other interesting decay channels are trivially obtained from the K°7 one,
replacing the 1/2 factor in eq. (8) by 1/+/2 for the K~ K® and K°7~ modes, and by 1
in the 7~ 7° channel.
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LOW-ENERGY EFFECTIVE FIELD THEORY
COMPUTATION

where the lepton and hadron currents are defined as

L = a(py,)(1+s)ulpr), (9)
Ly = a(py,)yu(1 = 7s)u(pr), (10)
L = (pv,)ouw(l+s)u(pr), (11)
and (" = (pr + Px)*, s = %, Dk = m%( — m3)

H o= (2%p K (pr)I5dI0) = —K"Fy(s) (12)

H! = <7r° K™ (pk)|57"d|0)
= |~y B Fils) - BT Rols), (13)

HY = (n® (pw)K‘(pK)lsa“”d\0>
= iFT(s)(PipK — PkPy)- (14)
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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 [11, 12]*

Nt — K 2%,) —T(r— — K—7%;)
Mt — Ktn00,.) +T(r— — K—n%;)
2

Smlér] GE| Vs|* Sew /Mﬁ ds(l_ m>2
( )?

ArCaFt,e(Ti — Kiﬂ’ow—) =

128m3M2T (1 — K7Ou2) J(myet-m s
N2 (s, mie, m3) x |Fr(s)||Fy.(s)| sin[o7(s) — 6.4(s)]. (15)
The constraints on d7(s) — d+(s) (given by Watson's theorem) and on

Im[ét] (from D — D mixing and the neutron edm) preclude a natural
explanation of the BaBar asymmetry by heavy new physics [7].

*arXiv:2003.05735, arXiv:2107.12310
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CPV OBSERVABLES, K% — K% mixzing

The expression in the second and third lines of eq. (15) corresponds to the
new physics (NP) contribution to AZS, which c0|nC|des with AZE for
those modes without neutral Kaons. In the 7 — K*Ksv, case, this
observable is dominated by the SM contribution, according to [6]°

ate ate
Arate o r |5M + Ar ‘NP

= 1
1_|_Arcalge|5MXArate‘NP ( 6)

5arXiv:1308.4383.
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CP OBSERVABLES, F'B asymmetry

1 d°M(r~ = Ksn " vr) 0 dr(r~—=Kst vy)
A;éaKsﬂfuf(s): fO 7(—isdcoz‘lorz “dcosa — —1 Esdcozz “*d cos
2 - - 2 = = ’
fOl ¢ r(:isz:zzz VT)dCOSO[ + ffl ¢ r(‘:is;)c’gzz VT)dCOSO[
(17)
The FB asymmetry actually fulfills the relation
Arg(s) =3/2 < cosa > (s), (18)

with

1 d*r(r~—Ksm—vr

dsdcosa N(S)
< cosa > (s) = = . (19)
1 [(d2M(r——Ksm v, D
f—l < (ds:coga )dCOS a) (S)
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CP OBSERVABLES, F'B asymmetry

The previous nominator and denominator are

4 gSS *
N(s) = —gAKﬂ)\lp(s, m2, m2)Re Kl + Mr(ms—mu)) Fi(s)Fg (5)}
8s 1/2 > 2 o €ss "
+3/VIT ApN4(s,my, mz)Re |65 | 1+ M (me — ) Fr(s)F§(s)]|,
2 2 3 ?
_ < 2 2 s 2 2 €ss
D) = A ) (14 o ) IR+ 285 14 o

8 R s
IFo(s) + (s, i ) [| (24 3 ) IFr(o)?

—A?Z%e[érF+(s)F;‘-(s)]] .
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FORM-FACTORS INPUT.

We use [1] 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 (similarly for the other
channels, known with less precision) [14, 15, 8, 16, 17, 18, 19, 20, 21]6.

FI™(s) = exp |aas + 22
FT™(s) = exp
Fg™(s) = exp

2

22 +—
/mz B3
s/°°
™ Jam2
s/°°
T Jam2

ds’

ds’

s’ s

' —s—1i0

54 (s)
Z_o] (20)
57(s') ]
S5 s 0| )
dofs) | (22)

8arXiv:1902.02273, 1301.6973, 1806.09547, 1307.7908, 1407.6590, 2007.11019,
2411.07696, 1601.03989, 1304.8134.
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TENSOR FORM FACTOR PHASE.

As we showed [1], Watson's final state theorem limits our possibilities to
observe CPV induced by heavy new physics in these decays. Due to these

restrictions we [1] (see also [7, 8, 12]) estimate the phase of the tensor
form factor considering

04(s) = o7(s)| = 205°(s) (23)

where 51’6’(5) is given by the inelastic effects arising from the pion vector
form factor only (analogously for other channels).
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FORM-FACTORS INPUT.

6
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FI1GURE: On top, pion vector form factor. At the bottom, tensor form factor
derived from the estimator described in the previous section.
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VECTOR AND TENSOR FORM-FACTORS.

0.0 0.5 1.0 1.5
Vs[GeV ]

F1GURE: On top, tensor form factor phase. At the bottom, vector form factor
phase.
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BOUNDS TO THE NEW PHYSICS COEFFICIENTS

For the tensor operators, in the weak basis, one has
3 _ L ,
LsmerT D [Ce(egu]k/mn(f'LkUWeR/)GU(qleff” URrn) + h.c.
3 _ = _ _
= [Cg(egu]klmn[(VLkUuueRl)(dLmU#VURn) — (eLkower)(OLmo™” urn)] + h.c

where the left-handed lepton and quark SU(2), doublets are

¢, = (vi,e))" and g = (ug,dL)7, while the corresponding singlets are e
and ug. SU(2),(family) indices are denoted by latin letters. In the down
mass basis, one finds

Lsyerr D [Cg(égu]k/mn[(DLkUuueRl)(JLmUuyuRn)
—Vam(éLk(TW,eR/)(ﬁ/_aauyuRn)] + h.c. (25)

similar expressions for the scalar operators in the SMEFT can be obtained.
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BOUNDS ON REAL PART OF WCSs.

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 [1] the bounds from the analyses [25, 26]
(see also [27, 28])7, allowing the (signal-maximizing) values

Re[ed] = —3.1 x 1072, Re[e}] = 7.9 x 1073, (26)
and
Relez] =2.3x 1072, Re[es] = 1.8 x 1072. (27)

TarXiv:2112.02087, arXiv:2303.01362
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BOUNDS ON IMAGINARY PART OoF WCSs.

If the neutron EDM 8 is mainly contributed by a single €L7)-, then

eM.. R A
du(p) = —2V2Gr—5VipSmle? ()] '0g;7 (28)

™

which yields [Sm[es]| < 4 x 1076 and |Sm[ed]| < 8 x 1075 for A > 100
GeV and =2 GeV.

In the scalar case, the strongest constraints come from D% — D% mixing,
implying Sm [62] € [-3.1,1.6] x 10* at 95% C.L, as can be seen in [12].

U C

(¥ (7 C (¥
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CP ASYMMETRIES IN THE 757 CHANNEL.

In this case, the SM contribution is negligible, so using current bounds for
the NP part [25], we find

Ara te

& lrn| <3%x107°, (29)

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

e [t e S e By
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0
FIGURE: Maximal effect on A;E”m YT (s) (blue solid line), corresponding to ERe[sg] = —0.31,
%m[eg] = —2.7x 1074, §Re[e%’—] = —7.9 x 1073 and Sm[e'fl/—] =8 x 10™%), compared to'the SM-(black dashed line).
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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 [29], whose total asymmetry rate (including K® — K©
oscillation effects in eq. (16)) is given by

Ak =—3.83x 1072, (30)
with a maximal NP contribution given by
AT < 2.3 x 107 (31)

Noticeably, a 5% precision on the measurement of AZE would already be
sensitive to the maximum allowed NP contribution in this case. The effect
is large because:

o Smled] = —2.7 x 107* vs. Sm[ed] =8 x 1075,
o AZEix # 0 needs Sm[Fy — Fr] # 0, which only happens in the

inelastic region, and KK is fully inelastic.
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CP ASYMMETRIES IN THE K*Ks CHANNEL.

=-0.05
=0.10

=-0.15

1.1 1.2 1.3 14 15 16 1.7

Vs(Gev)

FIGURE: Maximal effect on A;;KSKVT (s) (blue solid line), corresponding to ERe[eg] = —0.031,
S?m[eg] = —2.7x 1074, %e[e‘:—}] = —7.9x 1073 and S?m[e'#] =8 x 107>, compared to the SM case (black dashed line).
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CP ASYMMETRIES IN THE K=7°% CHANNEL.

Finally, the maximal rate for the K=70 channel is given by
|AZE kx| <6 x 1077, (32)

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

0.0

-0.6 - B

‘
0.8 1.0 1.2 14 1.6 1.8
Vs (Gev)

0
FIGUR,E: Maximal effect on AT*}K” YT (s) (blue solid line), corresponding to Relez] = 2.3 x 102 s
FB S
Smleg] = —2.7 X 1074, Re[eF] = 1.8 X 1072 and Smle¥] = 4 x 10~° compared to the SM case (black dashed line).
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SUPPLEMENTARIES
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FIGURE: BaBar data for 7 — K~ Ksv; as compared to the fits from [18]
(arxiv:1902.02273)
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SUPPLEMENTARIES
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FIGURE: 61 from a BW approximation for the K*(892) (red dashed line) in
comparison to the phase from the experimental fit (blue dot-dashed line). The
band represents the estimates made in [7] (arXiv:1712.06595 ).
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