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Introduction

@ Rare heavy flavour decays are a good place to look for New Physics

@ When Standard Model is suppressed New Physics contributions could
become apparent

@ Sensitive also to new mediators with masses inaccessible by direct
production
@ Interesting in particular:
» Flavour changing neutral currents (FCNC), in the Standard Model
proceeds only via loop diagrams, possible new particles in the loops
» Lepton flavour violating (LFV) decays, practically forbidden in the
Standard Model, an observation is a clear sign of New Physics
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Lepton Flavour violating
decays
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Lepton Flavour violating decays

@ Lepton flavour essentially conserved in the Standard Model

@ BUT not supported by strong theoretical reasons (e.g. underlying
symmetry)

@ AND neutrino oscillation implies LFV in loops (B < 10~49)

n (p)
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LFUV — LFV?

Recently several hints of LFUV (See talks of
Vitalii Lisovskyi and Adam Morris)
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https://arxiv.org/abs/1609.08895

LFV experimental status

P B (70 +  F —7 9
4~ DECAY MODES Fraction (I;/T)  Confidence level (MeV/e) B(Z7 = eFuT) <7.5% 1077 (095%CL)
0 + F —6
e, <12 % 00% 5 B(Z0 - et 1T) < 9.8 %1070 (@95%CL)
ey LF <42 x 1013 0% 53 B(Z0 - uErF) <1.2x107° (©95%CL)
e"ete™ LF <10 x 1012 90% 53 o
e 2y LF <72 «10-11 0% 53 B(HO — put) < 0.25% (@95%CL)

B(HO — et) < 0.61% (@95%CL)

90% CL upper limits on Tt LFV decays
e B decays
= 4+t fEESSE + tiy Spring 2017 G
+ ¥

T —
T HFLAV
(*e August 2017 CLEO

07
« ATLAS 4 BaBar = Belle + CLEO © LHCb Branching Fraction x 10-0

In summary no LFV observed to date, only upper limits set
But several BSM models allow LFV just below current limits
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LFV searches @ LHCb

T pu T
T T
T— Uup
DO — etuT
BO — etpu¥
BO — e*pu¥
HO — pu*rF

B<44x107@90%CL
B <33x107@90%CL
B <47 %x108@90%CL
B <13x108@90%CL
B<10x10"%@90%CL
B <54x10"°@90%CL
B < 26% @ 95% CL

[Physics Letters B 724 (2013)]
[Physics Letters B 724 (2013)]
[JHEP 02 (2015) 121]

[Phys. Lett. B754 (2016) 167]
[JHEP 1803 (2018) 078]
[JHEP 1803 (2018) 078]
[arXiv:1808.07135]

And several others in the pipeline involving all 3 leptons
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https://arxiv.org/abs/1304.4518
https://arxiv.org/abs/1304.4518
https://arxiv.org/abs/1409.8548
https://arxiv.org/abs/1512.00322
https://arxiv.org/abs/1710.04111
https://arxiv.org/abs/1710.04111
https://arxiv.org/abs/1808.07135

Bg) —etuT

[JHEP 1803 (2018) 078]
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https://arxiv.org/abs/1710.04111

. F
Bm%e u

[JHEP 1803 (2018) 078]

@ LFV decay forbidden in the Standard Model but can be up to O(10~™)
in lepton non-universality scenarios

@ Search uses full Run | sample (follows [Phys.Rev.Lett. 111(2013) 141801]

performed with 1 fb_1)
@ Uses two normalisation channels

» BT — JApKT (clean final state)

» BO — K7 (same topology as the signal)
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https://arxiv.org/abs/1710.04111
https://arxiv.org/abs/1307.4889

BY, — e*puT [JHEP 1803 (2018) 078]
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https://arxiv.org/abs/1710.04111

0 +
B, — e ut

[JHEP 1803 (2018) 078]

o Candidates selected with improved BDT (trained with signal MC and

same sign e* u® background)

@ BDT calibrated on B® — K* 7t~ to flatten response on signal
» Smaller systematic for efficiency estimation

@ Main background from B(()S) — h*h'~ with both hadrons misidentified

suppressed with PID

0.8 1
BDT response
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https://arxiv.org/abs/1710.04111

[JHEP 1803 (2018) 078]

1sf foa] TN, ] oz 0a]
ﬁﬁ%ﬁﬁiﬁ Eﬁ%ﬂ% e @ Candidates split by number
- e N e e R of Bremsstrahlung photons
o e (0 left; > 1right)
Iﬂmjﬁ%ﬁ ﬁﬁw%ﬁ};;‘ el @ Simultaneous fit to 7 bins of
[ e o
i ] #\ ] BDT classifier
oo rorycs M Aot s @ Best World's limits set
3 6 N3 *
gin sl Pl B(BY - e uF) < 5.4(6.3) x10°°
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MR YT 0(95%)
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https://arxiv.org/abs/1710.04111

HO — u*F

[arXiv:1808.07135 submitted to Eur Phys J. C]
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https://arxiv.org/abs/1808.07135

HO — u*t* [arXiv-1808.07135 submitted to Eur Phys J. C]

@ Aim: Search for LFV decay H® — utt+ "
of Higgs-like particle using 2 fb " at
/s = 8TeV

@ Built on the experience of the HO —————-

Z° — 1 analysis [arXiv:1806.05008
submitted to JHEP]

@ Higgs mass ranging from 45 to 195 GeV Tt
(steps of 10 GeV)
@ Final state: hard prompt muon + displaced tau
@ Model independent search
@ Limits set also by CMS and ATLAS but only for 125 GeV SM Higgs

ATLAS: B(HO — uttF) < 1.85% @95% CL [JHEP11(2015)211]
CMS: B(HO — u*1¥) < 0.25% @95% CL [JHEP 06 (2018) 001]
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https://arxiv.org/abs/1808.07135
https://arxiv.org/abs/1806.05008
https://arxiv.org/abs/1806.05008
https://arxiv.org/abs/1508.03372
https://arxiv.org/abs/1712.07173

HO — u*t* [arXiv-1808.07135 submitted to Eur Phys J. C]

@ treconstructed in 4 different final states (for tjjand t,3allow also an

extra 7°)
- : w- \\

wo e h h™
(@) 7, 17.4% (b) 7., 17.8% (c) Thi,50.1% (d) 7h3, 14.6%

@ Correct the mass of T3 as Meoy = /M2 + p? sin2 0 +psin©®

@ Require the T to be displaced (reconstruct decay vertex for tp3while
rely on IP for the others)

@ Exploit isolation variables against QCD

® Apr =lpt, —Pr.l/(pT, + P1.) USEd against Vj background in ptps
(Apr(sgn) < Apr(Vj)) and against Z — pu™ in pty,
(APT (Sgn) > APT (Z — ll+ o))

v v
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https://arxiv.org/abs/1808.07135

HO — u*t* [arXiv-1808.07135 submitted to Eur Phys J. C]

@ Three different selections optimised for different m .. regions: central,
higher and lower
» lower: lower pt cut, more stringent isolation
» higher: higher py cut on the muon
@ For each mass point evaluate the best selection to use maximising the
FOM Esel/(1 + Nobs)
» Three regions obtained (central selection 75 — 85 GeV, below the lower
one and above the higher one)
@ Signal yield obtained from simultaneous extended maximum
likelihood fit
» Signal shape from MC

» Shapes and normalisations of main backgrounds estimated with data
driven methods
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https://arxiv.org/abs/1808.07135

0 + . .
HY — u*t" [arXiv:1808.07135 submitted to Eur Phys J. C]
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https://arxiv.org/abs/1808.07135

HO — u*t* [arXiv-1808.07135 submitted to Eur Phys J. C]
Use CLs to set upper limit on product of production cross section and
branching fraction

95% CL limit on o(gg — H® — u*1T) goes from 22 pb (my = 45 GeV) to
4 pb (my =195 GeV)

b~ 102 F 7 T T T T T T T T T T T T T T T ]
2 E LHCb {s=8Tev
F r —— Observed
£l o e
3 | I +10

T +20

T 10 =

TF 3
o C
ks L

b -

" 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
]25 45 65 85 105 125 145 165 185 205

m, [GeV/cF]
Additionally for SM Higgs at 125 GeV: B (H® — u*1F) < 26%
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https://arxiv.org/abs/1808.07135

Other very rare decays
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B*— Do [JHEP 01(2018) 131]

@ Search for pure annihilation decay (large branching fraction possible in

New Physics scenarios)

@ Update with Run | + Run Il dataset (4.8 fb™") of previous
measurement [JHEP 02(2013) 043] done with 1 o

@ Search at the same time for B* — D K*K— and B™ — D} ¢
@ Normalise with B — D (D® — K+K™)
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https://arxiv.org/abs/1711.05637
https://arxiv.org/abs/1210.1089

B*— Do [JHEP 01(2018) 131]
@ ForB™ — D KK~ fit phase-space-efficiency-corrected yields
B(B* — DFKTK ™) = (7.1+ 0.5 (stat) + 0.6 (syst.) + 0.7 (norm.)) x 10~®

@ Majority of Bt — D ¢ candidates expected in narrow range around ¢
mass and with | cos(0)| > 0.4
» simultaneous fit in four regions with different ¢ mass and cos(6)
@ No signal observed and upper limit set

BBt — D} $) < 4.9 x1077@95%C.L.
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https://arxiv.org/abs/1711.05637

o putus

[Phys. Rev. Lett. 120, 221803 (2018)]

@ FCNC s — dll transition

0 1.6 x1078 < Bgy < 9.0 x 1078 [He,
Tandean, Valencia, PRD '05] dominated by
long distance contributions

@ Evidence from HyperCP
[Phys.Rev.Lett.94:021801,2005]: three
candidates with approximately same

T u~ mass close to lower kinematic
limit (214.3 & 0.5 MeV)

New intermediate particle?

Search on Run | data (3 qu)
B(Zt — putuT) = (2.2118) x 1078 (4.10)

No significant structure observed in ptu~
invariant mass distribution
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Weighted candidates / ( 2 MeV/c? )
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https://arxiv.org/abs/1712.08606
https://arxiv.org/abs/hep-ph/0506067
https://arxiv.org/abs/hep-ph/0506067
https://arxiv.org/abs/hep-ex/0501014

Al = putu

[Phys. Rev. D 97, 091101 (2018)]

@ FCNC ¢ — ull transition less explored
thanb — sll

@ Short-distance
Bsm(AS — putpu) ~107?
@ Long-distance
Bsu(AS = p(V = pru~)upto10~°
@ Could be enhanced also by New Physics}

Search on Run | data (3 fb*1)
@ 3 g’ regions: a) nonresonant, b) ¢, ¢) w
o First observation in the w region at 50

B(AL — pw) = (9.4 £ 3.2 (stat.) £ 1.0 (syst)
+2.0(ext)) x 10~*

BAF = putpuT) <7.7x10780@90%CL.
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https://arxiv.org/abs/1712.07938

Conclusion

@ LFV good place to look for new physics expecially now

@ LHCb active player of the field with analyses involving all three
leptons and more results to come in the future

(= e
» Search for decay H® — p* 1T of Higgs-like particle in mass range

45 —195 GeV

@ LHCb active also in search of other very rare decays that also have the
potential to uncover new physics
» Updated limit on pure annihilation decay B" — D." ¢
» Evidence for 2" — pu ' but no evidence for intermediate state
decayingto u
» First observation of Al — pu™ ™ in the w region

» World's best upper limit on B
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[arXiv:1808.07135 submitted to Eur Phys |. C]
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+ . .
HO — u*t* [arXiv-1808.07135 submitted to Eur Phys J. C]
Lower region
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https://arxiv.org/abs/1808.07135

HO — u*t*

[arXiv:1808.07135 submitted to Eur Phys |. C]

Selection

Selection set  Variable UTe [Thyr, TOUMU

All pr (7)[GeV/e] >5 > 10 > 12 >5
pr(mis™®!) [ Gev/e] - - >1 -
pr(Tpye2) [ Gev/e ] - - >1 -
pr(rfe) [Gevie] >6
pr(p) —pr(r) [GeV/e] >0  — — —
m (Th Gevye2 — — 0.7-1.5 —
Meorr (Th GeV/c? ] — - >3 -
Time-of-flight (75 | — — > 30 —
IP(7) [ um] >10 >10 — > 50
IP(p) [ pm | <50 <50 < 50 < 50
A¢ [rad ] >2.7 >27 >2.7 > 2.7
Ipe (7)) >09 >09 >09  >09
Ip (1) >09 >09 >09  >09

L-selection  pr () [ GeV/e] >20  >20 > 20 > 20

or <06 <04 — >0.3

I (7) [ GeV/e] <2 <2 <2 <2
Ipe () [ GeV/e] <2 <2 <2 <2

C-selection  pr () [ GeV/e] >30 >30 > 30 > 30

pr — <0.5 — >0.3

H-selection  pr (7)) [ GeV/c] >20  >20 > 20 —
pr (1) [ GeV/e] >40  >40 > 40 > 50
Apy — — — > 0.4
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https://arxiv.org/abs/1808.07135

HO — u*t*

[arXiv:1808.07135 submitted to Eur Phys |. C]

Systematics

UTe HThyr, TOUMU

Luminosity 1.16 1.16 1.16 1.16
Tau branching fraction 0.22 0.18 0.48 0.23
PDF 2.6-7.1 3.5-7.2 2.6-7.3 3.0-7.9
Scales 0.9-1.9 0.8-1.7 0.9-1.7 0.9-1.9
Reconstruction efficiency 1.8-3.6 1.9-5.4 3.3-7.1 1.5-3.3
Selection efficiency 2.5-6.0 1.9-4.1 4.0-9.3 3.8-85
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HO — u*t* [arXiv-1808.07135 submitted to Eur Phys J. C]

Backgrounds

Table 1: DD = using data-driven method, MC = from simulation

Process Normalization  Note

Z—=TT DD + MC Use N = o Le.

Z— 1l DD Use prompt dimuon peak [80,100] GeV/c? as control.
Use data-validated mis-ID rate.

QCD DD Use same-sign candidates as control.

Vi DD Use same-sign candidates as control.

tHVV, Z—bb MC Small, use N = gLe
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B"— Dfd [JHEP 01(2018) 131]
= T T T 7 LI T T E
P 1 : | LHCb X : LHCb E
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g ’ ’ ] 3
2 004f 3 3
z ] E
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