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Introduction




Rare meson decays

There are no tree-level flavour changing neutral cur-
rents (FCNC) in the Standard Model (SM)

FCNC processes only occur at loop level. They are
highly suppressed and are rare processes.

Rare processes valuable probe for new physics (NP),
because small NP contributions can be significant.

Meson can be produced abundantly and thus allow for
high statistics in searches for rare meson decays.

(Semi-)leptonic decays provide clean exp. signatures
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Rare meson decays

« There are no tree-level flavour changing neutral cur- M 39 generstion
rents (FCNC) in the Standard Model (SM)
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high statistics in searches for rare meson decays. mass

(Semi-)leptonic decays provide clean exp. signatures  + K and B meson decays can be
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B — K + invisible
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SM loop, CKM and GIM suppressed: A %ﬁ ZZ V., VX :L%V

complete factorisation into hadronic and leptonic part

N

sensitive to virtual corrections and new light exotic final state

Belle II experiment expected to measure B — K™ v with ©O(10%) precision

Belle II already measured BT — K + invisible
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Current experimental result
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Current experimental result

[Belle II 2311.14647]
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o ITA: excess for g ., ~ (3 — 5)GeV?
« HTA: no significant excess
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Fits to data for different new physics [Fridell+ 2312.12507]
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Fits of theory predictions to data
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[Fridell+ 2312.12507] Grec [GEV7]

, X2 — 100 % V. VS T |sMm
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Grec = 9~ T (EB mB) 2pK PB Belle Il 6.8 152 4.7 151 119 | 446
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Observables

Observable SM prediction current constraint Belle Il
LQCD+LCSR 5 ab~! 50 ab™!

Br(Bt — Ktv)  (5.0640.14+0.28) x 107°® (1.3+0.4) x 107° 0.28(0.19) 0.11 (0.08)
Br(BY — K2vp) (2.0540.07 £ 0.12) x 107° <26 x107° 1.31(0.87)  0.59(0.40)

Br(B* — K**vir) (10.86 + 1.30 4 0.59) x 10~° <4.0x10°° 1.06(0.75)  0.53(0.38)
Br(B® — K*%u)  (9.05 =+ 1.2540.55) x 107° <1.8x107° 0.60(0.40)  0.34(0.23)
FL(B — K*Oup) 0.49 + 0.04 0.079
F (BT — K*tui) 0.49 4+ 0.04 0.077
Br(Bs — inv) <59 x10™* 1.1 x107°
Br(B — Xsvi) (2.7+£0.2) x 107> <6.4x10°* planned

SM prediction:
constraints:
projections:
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Light scalar ¢
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Light GeV-scale Higgs-like scalar

mixing angle sin @
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E949: K* »n* ¢p(=inv.)

Phys. Rev. D 79 (2009) 092004

KOTO: KP-n%p(-inv.)

Phys. Rev. Lett. 126 (12) (2021) 121801

UBoONE: K*=»n*¢(=e e, u*u-)

Phys Rev Lett 127 (15) (2021) 151803, Phys. Rev D 106, 092006 (2022)

NAG2: Kt -t ¢(—inv.)

JHEP 02 (2021) 201, JHEP 06 (2021) 093

PS191: K*-n*¢p(—»e e, utu~)

Phys. Lett. B 203(1988) 332-334, Phys. Lett. B 820 (2021) 136524

CHARM: K*»n*¢(—»e* e,y u-)

Phys. Lett. B 203(1988) 332-334, Phys. Letlt. B 820 (2021) 136524

Belle ll: BoKM¢p(»ete~,u*u-,n n ,K*K~)
arXiv:2306.02830 [hep-ex] 2023

KTeV: KP-nrO¢(-u* u~

Phys. Rev. Lett. 84(2000) 5279-5282, Phys. Rev. D 99 (1) (2019) 015018
BaBar: BoXsp(—»e*e~,u*u-,n* n" ,K*K™)
Phys. Rev.Lett 114 (17) (2015) 171801, Phys Rev. D 99 (1) (2019) 015018

L3:ete " »Z"¢

Phys. Lett. B 385 (1996) 454-470

LHCb: B=KM¢(-=u* ™)

Phys. Rev.Lett. 115 (16) (2015) 161802, Phys. Rev. D 95 (7) (2017) 071101,
Phys. Rev. D 99 (1) (2019) 015018

scalar mass my (GeV)
[2305.16169]

+ 2 parameters: mass m,, and mixing angle ¢
e strongest constraint: Bt — K1 p(— pp) [LHCH 1612.07818]
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Light GeV-scale scalar
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[Ovchynnikov, MS, Schwetz 2306.09508 ]

In presence of addi-
tional invisible decay
width I', ., LHCb con-

mv?
straint is weakened

B — K + invisible
provides a complemen-
tary probe which con-
strains this scenario.

requires I, . = 1 eV

mv ~~
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Light GeV-scale scalar [Ovchynnikov, MS, Schwetz 2306.09508]
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Invisible decays to heavy neutral leptons

real scalar coupled to sterile neutrinos

1
L= _§NC(MN +yne)N

Invisible Higgs decay constrains

sin 0

2
3 102
(o = NN) < 0.06 m,
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Invisible decays to heavy neutral leptons

: : B — L model
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Light sterile neutrinos N

B— K% + NN
B - K% + Nv



Light sterile neutrinos [Felkl,Giri,Mohanta,MS 2309.02940]
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Light sterile neutrinos [Felkl,Giri,Mohanta,MS 2309.02940]
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Complementarity [Felkl, Li, MS 2111.04327 ]
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B — K + invisible as a probe for light physics
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Light dark matter

B — K% + DM DM



Light scalar dark matter [He, Ma, MS, Valencia, Volkas 2403.12485]
e Real scalar ¢ ~ (1,1,0)

(3b)p? viable explanation for BT — K Tvv with A~O(10 PeV)

N = |

S,sb _
qy

Scalar operator O

UV completion: Introduce vector-like quarks @) ~ (3, 2, %)_ and D ~ (3, 1, —%)
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R L
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Light scalar dark matter [He, Ma, MS, Valencia, Volkas 2403.12485]
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Light scalar dark matter [He, Ma, MS, Valencia, Volkas 2403.12485]

o dark matter abundance set by annihilation to light mesons
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Light scalar dark matter [He, Ma, MS, Valencia, Volkas 2403.12485]
Wilson coefficients parametrized by ]C’iﬁp)’sﬂ ~ 107 Cir | \/rd + 72 £ 2r 7, cosf
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Take-away messages

« Viable DM and sterile neutrino explanations of excess in Bt — inv

fOI‘ ANP ~/ 0(1 — ].O) TeV
« B — K + invisible is a new probe for GeV-scale new physics

o This is the first measurement...

We can look forward to further interesting results from B — K + invisible:
» other branching ratio measurements B — K *) +invisible
» more details on missing invariant mass distribution

Michael Schmidt
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Take-away messages

« Viable DM and sterile neutrino explanations of excess in Bt — inv

fOI‘ ANP ~/ 0(1 — ].O) TeV
« B — K + invisible is a new probe for GeV-scale new physics

o This is the first measurement...

We can look forward to further interesting results from B — K + invisible:
» other branching ratio measurements B — K *) +invisible
» more details on missing invariant mass distribution

Thank you!

Michael Schmidt
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Appendix




UV completions of sterile neutrino operators

UV completion of scalar operator — electroweak doublet 1 ~ (1, 2, —%)

LNn + Qiid — (ZN) (@d) + (ZWML) (WWNN) + (@7MQ) (Efy“d)

constraints from
« B, — B, mixing

+ lepton flavour universality in £; — £, + invisible

UV completion of vector operator — leptoquarks

R, ~ (3,2, ~¢) S, ~ (3,1,1)
QN - (@,0) (T NS, (1) ()
. could generate 914} . could generate 9%, OMR(1:3) (9LeQu (1,3)

- B, — B, mixing only at 1-loop . B, — B, mixing only at 1-loop

Michael Schmidt
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Branching ratio uncertainty
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