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d; — d;vv searches and Belle II excess

First exp. evidence of BY —» Ktvv!
FCNC decays with neutrinos are potentially powerful probe

of BSM physics as: i
.. . SM Average ~3.50 (3.20) from zero
» they are significantly suppressed in SM 0.497 + 0,037 *1_:’)5[().] e ~2.90 (2.10) from SM value
» long-distance contributions are generally sub-leading Belle IT (362 fb!, combined)
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Belle II excess as an hint of NP

The chiral structure of NP depends on Ry« value!

NP assumed to be heavy
(for the complementary case,
see next talk by Martin Novoa-Brunet)
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BSM effects encoded in EFT operators
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BT - K*vv and ROFV

NP generically induces suv, o o )
mfre EFT ogerators ‘ Ligpr " CLiEer = Y [L PP (s yud)) (B2 vy) + L (dryudiy )(VLfy“uI/f)]
ijaf

Identifying correlations among observables 1s crucial to establish
the existence and the nature of BSM physics behind the measured anomalies!



BT - K™vv and ROFV

NP generically induces svv,BS i i .
mfre EFT ogerators ‘ Liger " C Litrr = =) [L PP (dpyud?) (P89 v]) + LA (dpyudy )(uLfy“yI/f)]
ijaf

Identifying correlations among observables 1s crucial to establish
the existence and the nature of BSM physics behind the measured anomalies!

Rank-One Flavor Violation (ROFV This scenario is naturally realized in many well-
motivated BSM models:

NP couples along a specific direction 71 in
the U(3)4 quark flavor space » Single leptoquark mediator

» Z' coupled to one flavor in the interaction basis

» Vector-like quark mixes with SM quarks

» NP coupled linearly to SM quarks

LD )\Z'(jiONP + h.c.




BT - K™vv and ROFV

NP generically induces bsvi,BSM. ijof 3 ijaf _ 3
‘ LIEPT LEFT = E , [sz ( L’Yudj )(wiytvr) + Ly 2 ( R’YudJ )(Vg’Y“VL)]
more EFT operators B

Identifying correlations among observables 1s crucial to establish
the existence and the nature of BSM physics behind the measured anomalies!

Rank-One Flavor Violation (ROFV - o gin foos
i = | Ngna | = e'sb gin @ sin [0)
NP couples along a specific direction 71 in fgra cos 6

the U(3)4 quark flavor space
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ROFV in LEFT

The combination relevant for B* - Ktvv
1s fixed to the best-fit value
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CLrycosfsinfsing = Li'py
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Going to the SMEFT

In SMEFT new correlations arise 19 = (b2, £9) = (Viud, di)!
due to the SM structure:

Up to dimension six, there are 6 relevant SMEFT operators
> rare decays By(K,s) - utp~

» meson-mixing constraints Lo = C(l)aﬂ & Cl(B)O‘ﬁ 4y C(l)” Sap + Cgij O »
» high-p; dilepton tails Lgaﬁ = Caﬂlﬂ + 0}_} Bap -
» Higgs and EW fit
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Going to the SMEFT

In SMEFT new correlations arise 19 = (b2, £9) = (Viud, di)!
due to the SM structure:

Up to dimension six, there are 6 relevant SMEFT operators
> rare decays By(K,s) - utp~

» meson-mixing constraints Lo = C(l)aﬂ & Cl(3)°‘ﬂ 4y C(l)” Sap + Cgij O »
» high-p; dilepton tails Lidef = Caﬂm +CH s

» Higgs and EW fit

0% = (17,17 (ai"d))
Ol(s)aﬂij = (l_(IXquo'alﬂ) ( LY O'aqi)
Olo:lﬂij _ (l_%’y“lﬁ) ( ,Y/Adj )

bL(r) VL

Enhancement of Ry above ~25% is
highly disfavored due the constraints
from Bs — p*u~ and AMp !




Single-mediator models

OB _ (z‘ngﬁ) (6’2 Vi )
O = (Iyuoal) (ah7"0ud] )

O = (It} (")

Colorless vector mediators

Leptoquarks

Loop-level mediators are expected to have
light and relatively strongly coupled states,
disfavored by direct searches at the LHC
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Single-mediator models
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Power ranking of the simplified models




Power ranking of the simplified models

5. Us ~ (3,3,2/3)

It can not accommodate the Belle II excess with 1o




Power ranking of the simplified models

4. 7'~ (1,1,0) and V' ~ (1,3,0)

5. Us ~(3,3,2/3)

Disfavored as meson-mixing arises already at tree-level




Power ranking of the simplified models

X Vo ~ (8,2,5/6) Good fit but stringent PU bound on coupling

4. 7'~ (1,1,0) and V' ~ (1,3,0)

5. U3 ~ (373’ 2/3)



Power ranking of the simplified models

Si ~(3,1,1/3) and Ss ~ (3,3,1/3)

Vo~ (3,2,5/6)

7'~ (1,1,0) and V' ~ (1,3,0)

Us ~ (3,3, 2/3)

Slightly disfavored as they coupled to LH quarks




Power ranking of the simplified models
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The End
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BACK UP
SLIDES




LEFT fits
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Higgs-quark operators

vector—like quarks Ois

TEs: ot

vector—like quark D

o = (o, D uH) (a7 0ud]) |
Ofa= (H'DLH) (dryd)

...............

Simplified model ‘ Spin ’ SM irrep ‘ SMEFT couplings
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Enhancement of Ry above ~25% is
highly disfavored due the constraints
from Bs — p*u~ and AMp !
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Colorless vectors
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Colorless vectors
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Colorless vectors
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Leptoquark fits
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[NV scenario
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LNV operators
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