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Extremely rare decays

Define trigger

- Rarer than ‘rare’: BR < 106

- Test fundamental assumptions about the SM:
Symmetries, new forces/scalars, flavour structure, ...

Topological/kinematic
selection
Study backgrounds,
apply PID, BDT
Model parameter of
interest (usually Minv)
Unblind & fit,
set limit with CLs / FC

- Indirect sensitivity to New Physics (quantum loops)

- 3rd generation relatively unexplored

- Are in principle ‘straightforward’
(but maximal sensitivity —> push detector to extremes)

- Forbidden signal event = New Physics*

- No signal —> constrain coefficients in EFT
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Very rare menu

-4 g

Baryon number violation

Lepton flavour violation

Dilepton decays

i )
- j
[ 3-body dileptons i
Multibody decays ,E)isclaimers b
J - BR in LHCb Normalised

to channels known precisely
| Limits stated are at 95% CL '

Radiatives

Exotics
from external measurements
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. Neutrino oscillations -> LFV in charged sector (BR < 10-40)

Heavy Z’

Heavy Neutrinos Second Higgs Doublet _
Anomal. Z Coupling

- BSM models enhanced cLFV, some focus on 3rd generation

|UynUenl? ~ 8x10-1 g(H,e) ~ 10g(H,,) M., = 3000 TeV/c?
(eg extended Higgs sectors) m e e
R. Bernstein (FNAL)
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https://www.slac.stanford.edu/econf/C210711/papers/2207.01851.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801
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https://indico.cern.ch/event/452998/contributions/2184888/attachments/1306687/1958605/PASCOScLFV_Bernstein.pdf
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http://dx.doi.org/10.1007/JHEP06(2023)143
http://dx.doi.org/10.1007/JHEP06(2023)073
https://link.springer.com/article/10.1007/JHEP06(2021)044

Phys. Rev. Lett. 123 211801

Lepton flavour violation Il B e

BDT bin 4

- Same b->sll’ but different topology, no form factors,
different backgrounds / systematics

- Search for B((;) — Ti,u“_“ ,BR<(1.4-4.2) x 10>

- Search for B((;) — e*u* ,BR<(1.3-7.2) x 10

- LQ enhancement of BR(zu) up to 10-5, Pati-Salam 104
BR(ex) mode up to 10-11,

- DY > e*uT ,BR<1.3x10%(@90% CL) Phys. Lett. B 754, 167
Iz
Using D* — D"zt BR Could be up to 106 in mSUSY.

\N\P JHEP 02 (2015) 121

- T > uupu ,BR<4.6x1038
3rd gen, lepton-lepton

My, [MeV/c?]
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http://dx.doi.org/10.1016/j.physletb.2016.01.029
http://dx.doi.org/10.1007/JHEP02(2015)121

Dileptons W

- b — sll transitions in two-body decays:
extremely suppressed! s,d . — e

helicity suppression!
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- Sensitive to (pseudo)scalar and axial vector (C+10) contributions
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https://doi.org/10.48550/arXiv.2304.07330
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Dileptons - results

. B, — u*u,BR=(3.1+0.5)x10°

Phys. Rev. D 105 012010

_ BY - eTe ,BR<(3.0-11.2) x 109

(5)

Phys. Rev. Lett. 124 211802

_ Bg) — 7v7~ ,BR<(2.1-6.8) x 103
Phys. Rev. Lett. 118 251802

- D> utu~ ,BR<3.4x1038
arXiv:2304.01981

D' > utu=, BR<7.6x109
Phys. Lett. B 725 15
- K-> ptu~ ,BR<2.4x1010
Phys. Rev. Lett. 125 231801

< Maastricht University

Phys. Rev. Lett. 128 041801

2022

update g

LHCb

—_ E —e— Data ~
3 40 9 fb! Total -
> L —— By 5
Q BDT =20.5 -
2 N BO—),U’L/,L_ _
L) 30 - —— B s utu- T
o sHHY |
N T N7 NN B—h'n" .
<20 Xy X,—huv, —
§ B + N 1y - B™ Y%yt -
S B s . . N
) B %, ¥ § 2 mEess Combinatorial -
S b + A | + .
SN SRS - st s bt
| , | . i
5000 5500 6000
2
m,- [MeV/c4]
[HCh  —3 20152016data  _
------- B)— ete y
—— full model
400 -
) combillgltorial ¥
B B'— D e*v, decays

200

Candidates / ( 120 MeV/c?)

B— Xe'e decays
W X,—> h'e” V, decays _
B— h'h'~ decays

4500

6000

5000 5500 6500

m(ete™) [MeV/c?]



http://dx.doi.org/10.1103/PhysRevLett.124.211802
https://arxiv.org/abs/2304.01981
http://dx.doi.org/10.1103/PhysRevLett.125.231801
http://dx.doi.org/10.1103/PhysRevLett.118.251802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012010
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801
http://dx.doi.org/10.1016/j.physletb.2013.06.037

® N L L L
@\ ]
3-body dileptons d LHCb -
0 e Data -
2 — Fit -
— . . BO E*O +,,— __
- FCNC with flavour anomalies observed: g L E‘S’ :Foz+z_ 5
R-ratio measurements, BR, angular... : 15k | B - Kty -
- Rarer searches supplement, add additional sensitivity, ~ - > + | I Comb. bkg. .
= 2 ==\ —
test QCD assumptions 3 ) -
,»:“’/ :

o)

-

<

@)

- Bf — IZ*O,qu,u_: BR=(29+-1.1) x 108 (3.4 o) ) i
JHEP 07 (2018) 020 0
5200 5300 5400 5500 5600
= + 4o _ ) :
- B> —>ap"pu: BR=(1.8+-0.3)x1038 ‘ m(K~ 7t u) [MeV/c2?]

JHEP 10 (2015) 034

- X" > puTu : BR=(2.2+1.8)x1038(4.10) | ~ 40 . . . . :
G : .
Phys. Rev. Lett. 120 221803 % LHCh =
s % K e B -ty -
---------- B —Ku* :
- DT> htutu": BR<(2.5-8.3)x 10 % ................... B :Dotllx E
JHEP 6 (2021) 044 >~ 20y FY - B —p s
2 sk By—futn S
= A;I_ — DU +//£_Z BR<9.6x 108 j'c‘z g .......... Comb(;natorial g
. :
O 3 I I_l_ -
Phys. Rev. D 97 091101 e R S ST Sl L st =2
5200 5400 5600 5800 6000

m(mutu) (MeV/c?)

% Maastricht University



http://dx.doi.org/10.1007/JHEP07(2018)020
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https://link.springer.com/article/10.1007/JHEP06(2021)044
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http://dx.doi.org/10.1103/PhysRevLett.123.031801
http://dx.doi.org/10.1007/JHEP01(2022)069
http://dx.doi.org/10.1103/PhysRevD.92.112002
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Exotics

- Search for ‘BSM’ decay signatures directly,
set limits as mass vs decay time / coupling

- Hidden-Sector Bosons in long-lived dimuon resonances:

B0 5 KO+,

Phys. Rev. D 95 071101
Phys. Rev. Lett. 115 161802

Eur. Phys. J. C 81, 261
Eur. Phys. J. C82 373

- Heavy Neutral Leptonsin W — utu™jet

_  Long-lived particles in e*u¥v, ,uiql-qj

Eur. Phys. J."C81 248 AR

- Majorana neutrino’sin B~ — ztu"u"
‘Ovpf, limits at BR < 4.0 x 109 for 7,,< 1 ps.
Phys. Rev. Lett. 112 131802

- Strong CP Violationinn — 7" n~,
BR<1.6x 105 (@90% CL) Phys. Lett. B 764 233

- (long-lived) dimuon resonances at low mass, Y mass, dark photons
JHEP 10 (2020) 156 Phys. Rev. Lett. 124, 041801

JHEP 09 (2018) 147
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http://arxiv.org/abs/2011.05263
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801
https://link.springer.com/article/10.1007/JHEP10(2020)156
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Conclusions J. Phys.: Conf. Ser. 878 012012

Side View

RICH2

LHCb is an excellent laboratory for very rare decays

SciFi

Very rare decays provide an extensive physics programme,
- testing SM assumptions, searching for BSM physics

- Model (in-)dependent contributions
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current LHCb — Upgrade | » Upgrade l—>
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Many limits close to NP expectations,
many observations statistically limited for further studies
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