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Motivation

Hints of new physics in the semileptonic B decays b — ¢/~ U

R7/’, =Br(B — DYr~5,)/Br(B — DY i)

Larger than the SMvalue by ~ 3 .40

Ry =Br(BS — J/Yrm7v:)/Br(Bf — J/ypv,) ~ 1.70

Bobeth, Bordone,
AA = AL — A€ ~ 4o Gubernari, Jung, Dyk.
FB FB FB 2104.02094

Possible new physics explanations have been extensively studied based
on an EFT framework including both left-nanded and right-handed
neutrinos (RHNSs).

RHNs are singlet under the SM gauge group, can evade strong
constraints from charged leptons.

In those previous studies, the neutrinos are all treated as massless

particles. !
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iIntroduced to explain neutrino mass.
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Motivation

- Massive right-nanded neutrinos (RHNs) can be naturally

introduced to explain neutrino mass.

- Massive RHN is a viable dark matter candidate.

- Massive RHN is essential to explain the anomaly in

forward-backward asymmetry.




SMNEFT = SMEFT + N

16 new SMNEFT operators AB = AL = 0
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11 fermionic operators + 5 bosonic operators




N production operator

- We assume N can talk to B quark and is at sub GeV scale
- N can be produced via B meson decay
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N production from B meson decay B — D®*)¢X




N production from B meson decay B — D®*)¢X
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B — D¢X
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B — D*(— D)X
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Four-body deca
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Measurements

Observable Measurement
A(AL) 0.0349 + 0.0089
A(Fp) —0.0065 + 0.0059
A(Fyp) —0.0107 4+ 0.0142
A(S3) —0.0127 £ 0.0109
RY¢ 10.995 £ 0.022 £ 0.039
RY/S 0.99 4 0.01 + 0.03

The difference and ratio between observables of muon and electron
channel have little form factor sensitivities

A(0) = (0%) = (07)

RY¢ =Br(B — Dy~ X)/Br(B — DMe™ X)




Measurements
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Anomaly

We assume the new physics is only in the muon sector
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Measurements

Observable Measurement
A(AR: 0.0349 + 0.0089
A(FL) —0.0065 + 0.0059
A(FL) —0.0107 + 0.0142
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Benchmark points
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mn (GeV) C}‘;R CER C},;R CIYL CfL CZYL
BP1 0.4 0.82 0.1 0.02|-04 O 0
BP2 1.6 0.15 -0.3 0.06| 0 0 0
BP3 0 0 0 0 0 0.06 0.02
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) .
q binned decay rate —BPT——BF P

e Belle = SM
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q2 binned angular observables
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Summary

 We calculate the RHN mass effect on the decay channel B — DWyX

* Nonzero RHN mass produced significant effects in the angular

observables which may explain the 4o tensionin  A(ALg)

 Large effects may appear in the gA2-binned observables, even

though the effects on the g/A\2-averaged ones are small.

Thanks!
Questions to liu.hongkai@campus.technion.ac.il

y.
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q2 binned observables
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General Neutrino Interactions
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SMEFT GNI
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[arXiv:1008.4884]
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SMNEFT = SMEFT + N

16 new SMNEFT operators AB = AL = 0

(RR)(RR) (LL)(RR) (LR)(RL) and (LR)(LR)
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11 fermionic operators + 5 bosonic operators




SMNEFT GNI
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Leptonic amplitudes
L=1L (q27 mye, N, ‘957 ¢)

(En +mny £ pn)(Ee +me £ po)
V(B¢ +me)(Ex +my)

Mass dependence Kii(my) =

For massless neutrinos
Ki1(0) =2v¢*Br, K4+-(0) =2myfy, K_(0)=K__(0)=0

For massless charged leptons

K++(mN) — 2\/;25% K—+(mN) = 2mn B, K+—(mN) — K——(mN) —

Be =+/1—m2/q? and By = /1 — m%/¢?

A



Leptonic amplitudes
L=1L (q27 mye, N, ‘957 ¢)

y 5 — [: left-handed operators only couple to the SM left-handed neutrinos
or SM right-handed antineutrinos. Cannot produce anti-neutrinos with negative
helicity
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Leptonic amplitudes
L=1L (q27 mye, N, ‘957 ¢)

y 5 — [: left-handed operators only couple to the SM left-handed neutrinos
or SM right-handed antineutrinos.

y ﬁ = R: right-nanded operators only couple to the massive right-handed
neutrinos. Its helicity can be both positive and negative.
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Helicity amplitudes

B—D
Mp(++) = M(s,+,+) = AT + AT T cos by,
Mp(—+) = M(s,—,+) = A" T sinb,,
Mp(+—-) = M(s,+,—) = AT sinb,,
MD(——) = M(S, —, —) — .12(1__ an .12(2__ cos by .
[ /B p— L

ATt = —(Chr + CLL)HY K (0) — (CZL + Chr)HI K11 (0),
A3t =—(CY,+ClL)H)K+_(0)+4C{ HI K., (0),

A™t = (CY + CXL)HXOK++(O) —4CT HI K, _(0),

At = A7 =A; =0,




Helicity amplitudes

B—D
Mp(++) = M(s,+,+) = AT + AT T cos by,
Mp(—+) = M(s,—,+) = A" T sinb,,
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