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1. Introduction

Flavor-changing neutral currents (FCNCs) of ¢ and ¢# quarks induced by |A ¢¢| = |A¢®| = 1
processes represent excellent probes of New Physics (NP) beyond the Standard Model (SM). Their
weak loop suppression triggered by the Glashow-Iliopoulos-Maiani (GIM) mechanism and Cabibbo-
Kobayashi-Maskawa (CKM) hierarchies, not necessarily present in SM extensions, can result in
large experimental deviations from the SM predictions alluding to a breakdown of SM symmetries.
In addition, its environment is enriched with further tests if leptons are involved, that is g ,gg {’lf{’;
and g,qp viv;. We exploit the SU(2)r-link between left-handed charged lepton and neutrino
couplings, which may be used to assess charged lepton flavor conservation (cLFC) and lepton
universality (LU) quantitatively using flavor-summed dineutrino observables [1]. This link (3)
is presented for |A g?| = |AgP| = 1 processes, but we stress that it holds analogously for other
conserved quark transitions, both in the up- and down-sector.

These proceedings are organized as follows: In Section 2, we present the effective theory
framework where the SU(2)7—link between neutrino and charged lepton couplings is derived. In
Sections 3 and 4, we work out its phenomenological implications for charm and beauty, respectively.
The conclusions are drawn in Section 5. The results are based on Refs. [1-3], we refer there for
further details.

2. SU(2)p-link between dineutrino and charged dilepton couplings

At lowest order in the SM effective field theory (SMEFT), the Lagrangian accounting for
semileptonic (axial-)vector four-fermion operators is given by [4],
(M 3)
Coq ~ - Coq ~ _ Ceur .+ Cea ~ -
Lot > 20,0 Ly* L+ —L-0y,1Q Ly 1L+ ~20y,,U Ly* L+ ~% Dy, D Ly*L. (1)
v v v v

Reading off couplings to dineutrinos (Cﬁ’ ) and charged dileptons (K 1’: ) by writing the operators (1)
into SU(2)r-components, one obtains

2m 1 3 2n
Cg = Kll? = ? (Ct(’q) + Ct(’q)) , Cg = Kg = ;C{u , 5
2n 2 2)

cP =k == (cl)-¢fi)) . R =KR = ZCua.

a
where N = U (N = D) represents the up-quark sector (down-quark sector), and A = L(R) denotes
left- (right-) handed quark currents. Interestingly, C g = Kg holds model-independently, while
C 2’ is not fixed by K ]LV in general due to the different relative signs of C 21) and C 2). Expressing
Egs. (2) in the mass basis, that is C¥ = WI KM W + O(1), CY = W KY W where W is the
Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix and 4 ~ 0.2 the Wolfenstein parameter, and
summing lepton flavors 7, j incoherently, one obtains the following identity [1]

P(IeF 1y TP = 3 (15 P+ 15y ) + o) 3)

v=i,j l=i,j

between charged lepton couplings K r and neutrino ones Cr g.! Here, we use N,M = U,D
when the link is exploited for neutrino couplings in the up-quark sector, while N, M = D, U for

Wilson coeflicients in calligraphic style denote those for mass eigenstates.
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the down-quark sector. Eq. (3) allows the prediction of dineutrino rates for different leptonic flavor

N ij
structures (KL, R>

i) ‘KZ;{ o« 0;j, i.e. lepton-universality (LU),
ii) ‘Kiv Ii{ diagonal, i.e. charged lepton flavor conservation (cLFC),
iii) 7(1LV ;'Qj arbitrary,

which can be probed with lepton-specific measurements. In the following sections, we use the
= gPxij CbSij _ CD23ij

. . . bsij
following notation i.e. WL,R r.r > CLR LR >

etc., to improve the readability.

ee J7yv) TT eu et HUT
R |21 60 77 6.6 59 70
SRCY | 19 54 69 57 55 63
PO 139 11 145 120 115 133

Table 1: Bounds on |Ac| = |Au| = 1 parameters R’‘" and §R‘‘ from Egs. (4), as well as their sum,
r¢ = R + 6R'C . Table taken from Ref. [2].

3. Predictions for charm

In this section, we study the implications of (3) for ¢ — u vv dineutrino transitions, where
the situation is exceptional as the SM amplitude is fully negligible due to an efficient GIM-
suppression [5] and the current lack of experimental constraints. We use upper limits on (KQ] e
from high—p7 [6, 7], which allow to set constraints on

th” =|7<‘zd£’f'|2+ |(KI%MN’|2, Rit” =|7<‘.Zd£’[’ i(](‘;éuft”lz’ (4)
SR =2 1Re {,szw,Kzsm'* _ (}(zdt’[’(](zid%’*} ,
which directly enter in ¢ — u v branching ratios. Upper limits on R“", §R?”’ and their sum

rt = R + §R’Y are provided in Table 1. Since the neutrino flavors are not tagged, the branching
ratio is obtained by an incoherent sum

B(C—>MV17)=ZB(C—>MVH7]')OCxuc’ &)
L.y

where xyc = 2; ; (l()gij|2 + |Cgij|2). Using (3) with N, M = U, D and Table 1, we obtain upper
limits for the different benchmarks i)-iii):

Xye =3rHH <34, (LU) (6)
Xue =1+ r#H+r™™ < 196, (cLFC) @)
Xue =+ rtHe rTT+ 2 (rH + T + rH7) < 716. ®)
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Since dimuon bounds are the most stringent ones, see Table 1, they set the LU-limit (6). Experi-
mental measurements above the upper limit in (6) would indicate a breakdown of LU, while values
above the limit in (7) would imply a violation of cLFC. Corresponding upper limits on branching
ratios of dineutrino modes of a charmed hadron /. into a final hadronic state F,

B(he — Fyv) = Al xt 4 Alel - )

cu’

are provided in Table 2 for several decays modes. The AﬁcF coefficients in Eq. (9) are given in the
second column of Table 2. Using the limits (6), (7), (8), together with Eq. (9) and the values of

AﬁcF , we obtain upper limits on branching ratios for the three flavor scenarios 87", 87, and

M2X would be a clear signal

cLFC
would imply a breakdown of cLFC.

BMX_ A branching ratio measurement By, within BE‘SX < Bexp < B

of LU violation. In contrast, a branching ratio above 8%

cLFC
he = F AT Al g gmax o gmax
(107°] 107 [1077] [107%] [10°°]
DY A0 0.9 - 61 35 13
D* -t 3.6 - 25 14 52
Dt - K* 0.7 - 46 26 96

DY = %20  0@1073) 021 1.5 0.8 3.1
D’ >t~ O(1073)  0.41 2.8 1.6 5.9
DY — K*K~ 0(107° 0.004 003 002 0.06

AL — p* 1.0 1.7 18 11 39
Bf -3 1.8 35 36 21 76
D’ > X 2.2 22 15 8.7 32
Dt - X 5.6 5.6 38 22 80
Dt - X 2.7 2.7 18 10 38

Table 2: Coeflicients Ai“ F as defined in (9), and model-independent upper limits on B[7*, BI{ -, B

from (6), (7) and (8), respectively, corresponding to the lepton flavor symmetry benchmarks i)-iii). Table
taken from Ref. [2].

4. Testing lepton universality with b — s vv

In this section we study b — s v¥ transitions and their interplay with b — s "¢~ transitions
routed by (3). The branching ratios for B — V v¥ and B — P v¥ decays in the LU limit are given
by

B(B - Vvi)y = AV XpsLut+ ABY Xpsiv» BB —-Pyv)u = AZP Xps LU » (10)

where xj; |, = 3 |C’Sb§[” + (K’LCN + K Igst’f|2’ and the values of A2V and AB? for different modes
can be found in Ref. [3]. We obtain two solutions for the coupling 7(26” when we solve B(B —
P vv)Ly in Eq. (10). Plugging them into Eq. (10) results in a correlation between both LU branching
ratios [3]

ABV
B(B—->Vvy)y = ;WB(B — Pvi)uy + 3ABY

+

2
\/ samr TR LAy
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The most stringent limits on 7(23” are given for ££ = uu. Performing a 6D global fit of the
)

(7,9,10),u
(excluding Ry (- which can be polluted by NP effects in electron couplings), we obtain the following

1o fit value [3]

semileptonic Wilson coefficients C to the current experimental data on b — s u*u~ data

KES =V, Vi (0.46 +0.26) . (12)

Fig. 1 displays the correlation between 8(B° — K*%v¥) and B(B® — K%¥), cf. Eq. (11). The SM
predictions B(B® — K*%vv)sm = (8.2 + 1.0) - 107°, B(B® — K%¥)sm = (3.9 + 0.5) - 1076 [3]
are depicted as a blue diamond with their 1 o~ uncertainties (blue bars). We have scanned ‘7(?'“ ",
AEOK *0, and AfOKO within their 10 (2 0) regions in Eq. (10), resulting in the dark red region

(dashed red lines) which represents the LU region, numerically [3]

B(BY — K*0yv) 3
B(B® - K%v)

1.7...26 (13...2.9). (13)

Interestingly, a branching ratio measurement outside the red region would clearly signal evidence
for LU violation, but if a future measurement is instead inside this region, this may not necessarily
imply LU conservation. Outside the light green region the validity of our effective field theory
(EFT) framework gets broken [3]. More stringent limits for specific LU SM extensions are depicted
as benchmarks, resulting in best fit values (markers) and 1 o regions (ellipses) for Z’ (red star), LQ
representations S3 (pink pentagon) and V; (celeste triangle) from b — s u* u~ global fits, see Ref. [3]
for details. The current experimental 90 % CL upper limits, B (B0 — K *Ovﬂ)exp < 1.8 - 1077 [8]
and B(B? — K0v17)exp < 2.6 - 107 [8], are displayed by hatched bands. The gray bands represent
the derived EFT limits, B(B® — K%V¥)gerivea < 1.5 - 107, from Ref. [3]. A measurement between
gray and hatched area would infer a clear hint of NP not covered by our EFT framework, i.e. light
particles. The projected experimental sensitivity (10 % at the chosen point) of Belle IT with 50 ab™!
is illustrated by the yellow boxes [9]. Similar conclusions can be drawn in b — d vv decay [3].

0 10 20 30
B (B’ — K%w) - 106

Figure 1: Correlation between B8(B? — K*0v¥) and 8(B® — K°%v¥). Details are given in the main text.
Figure taken from Ref. [3].
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5. Conclusions

SU(2)-invariance relates dineutrinos g ¢’ v v and charged dilepton couplings g ¢’ ¢* ¢~ in a
model-independent way. This link (3) allows probing lepton flavor structure in dineutrino observ-
ables in three benchmarks: lepton universality, charged lepton flavor conservation and lepton flavor
violation. The link has been exploited for the rare charm and B decays, resulting in novel tests of the
aforementioned symmetries, see Table 2 and Eq. (13), respectively. Our predictions are well-suited
for the experiments Belle IT [9], BES TII [10], and future e* e~ -colliders, such as an FCC-ee running
at the Z [11], and could offer some insight on the persistent anomalies in B decays.
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