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LEPTON FLAVOUR VIOLATION

Lepton Flavour Violation (LFV): non-conservation of lepton flavour

» Conservation well established (e.g. p—ey, y—3e) ...
» ... but not supported by strong theoretical reasons
» Observation of neutrino oscillation implies LFV in loops (BR < 10-49)

» LFV signatures: searches for forbidden decays in the SM

At LHCb:

b DECAYS: B—>ep, B— Kep, B—= T, B= Ky, As— Aep
¢ DECAYS: D0— ey

T DECAYS: T—ppp
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METHOD

» Processes that are strongly suppressed (forbidden) in the SM might be enhanced by
new mediating particles

» LFV predicted by a large variety of alternative models (Leptoquarks, new gauge Z'...
[PRD94(2016)115021] [PRD92 (2015) 054013] [Phys.Rev.D94(2016)115021] [JHEP 06 (2015) 072])

» Such particles can enter SM diagrams as virtual particles = can indirectly observe

mediators unaccessible to direct searches (> TeV)
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CURRENT SCENARIO 7 P R Lo 1157100

[2] JHEP 08 (2017) 055
[3] arXiv:1903.09252
[4] arXiv: 1609.08895v2

[5] Phys. Rev. Lett. 114, 091801

» Potential LNU effects [1,2,3] open to new scenarios

» Potential links between LNU and LFV in some models [4,5] entail a renewed
interest on the subject
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://link.springer.com/article/10.1007%2FJHEP08%282017%29055
https://arxiv.org/abs/1903.09252
https://arxiv.org/pdf/1609.08895.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801
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Bis— e

Event 410703310
Run 122547
Fri, 20 Jul 2012 08:58:29

[JHEP 1803 (2018) 078]

» Forbidden decay from both B4 and Bs mesons

» Trigger on muon or electron

» Primary background: BO—=h+h’- with both hadrons misidentified
» Particle IDentification cuts play important role

» Reject combinatorial background with MVA

» Need to deal with bremsstrahlung (see next slide)
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BREMSSTRAHLUNG RECOVERY [JHEP 1803 (2018) 076]

Magnet ECAL
» Need to deal with bremsstrahlung I
» Brem improves electron ID — helps with Upstream - [ Domnsiream
background p "
¢ \\\\
» Need to splitin categories 0
Air

- Selection efficiencies and mass shapes depend on whether or not
. abrem photon was added to the electron in the reconstruction |
(brem categories) f,



https://arxiv.org/abs/1710.04111
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By — el

» BDT against combinatorial. Response
modelled to be flat on signal (MC) (and
peaked on zero for bkg)

» Response on data evaluated on BO—Kr, as
a proxy channel

» Unbiased for trigger selection
» Corrected for selection efficiency

» Corrected for brem category

» Analysis binned in 8 BDT bins x 2 brem categories

Signal cand. fraction (normalised)
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[JHEP 1803 (2018) 078]

By — ep - Peaking background

» B = h+h'- (h,h’ = K,1) double-misID only peaking background

» Yield estimated in two independent ways:

» Directly from B = h*h’-data, fitting
single-misID candidates and
multiplying by additional misID

» Efficiencies from MC, PID probability from first method

calibrated on data

» Normalisation to B+—=J/yY(—=pp)K+ fg

Candidates / ( 10 MeV/c?)



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

B(s) — el o
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By — e

[JHEP 1803 (2018) 078]
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B+ —) K+eu LHCb UNOFFICIAL!

» 3-body — lower helicity suppression than B—ep

» New Physics predictions (almost) within reach:

BBt - KTe*u™) € 0.043,3] - 1078
[PRD 97 (2018) 015019, JHEP 06 (2015) 072, JHEP 12 (2016) 027 with k=1, JHEP 08 (2015) 123, PRD 92 (2015)
054013, PLB750(2015) 367, PLB 751 (2015) 54]

» Trigger on muon 250

——
%, LHCb Simulation. Preliminary

Events/(9)
=

no brem

» Normalise to B*—J/i(— pp)K+ 150

» Fitin brem categories

» Analysis still blind...!
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B+ —) K+eu _ Backg rounds LHCb UNOFFICIAL!

» Two categories of partially-reconstructed (PR) backgrounds
explicitly vetoed:

Bt - DY - K¢'v) or BY = DY - Knr)
removed with m(K*£¢¥) > 1885 MeV/c?

4

» Charmonium decays with misID: B — J/y/(V(25))K™"
removed with cut depending on type of misID

» Very small contributions from non-resonant decays.

12
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B+ —) K+ep _ BaCkg rounds LHCb UNOFFICIAL!

» First, topological, BDT against combinatorial, trained on upper sideband
» Second BDT (BDTHOP) against part-reco, trained on lower sideband

» Same features as first BDT, with the addition of HOP mass, ideal for rejecting
PR in decays with electrons

» Cut on both BDTs A
PdX.)
B Direction of Flight P(B) -
- ------TL O >
Primary B vertex
Vertex P(Y,)
\ 4
h
- Pt Scorr [+ — Smeas/ —+ —
QHOP — e’ P (eTe”) = agopP™™(eTe).
t

13
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B+ —) K+Tu from BSZ* decays LHCb UNOFFICIAL!

» T modes are important as LFU suggests hierarchical couplings

» Using B* from B.,* decays allows to constrain kinematics of PR candidates

» Strategy: tag B*—K+uX decays and look for ts in missing mass

-~ 7T

» Model signal and bkg missing mass shapes from MC and same-sign (SSK)
B.,*—BK data

» Normalise to B+—J/y(— pp)K+ with and without Bs>* contribution

» Exclude t—=3m, subject to separate analysis

14
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LHCb UNOFFICIAL!

B+— K+t from Bs;™ decays - Backgrounds

» BDT against combinatorial
» Trained against SSK
» Bin in classifiers’ response

» Other peaking backgrounds:
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2 = Kt OSK . Distance from K
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0.15 e —
- +
L +
0.1 - -]
_ Ty *
0.05F . e 3
B e e® '.‘*"-o-,.__._ ]
o Eeercnsaneesa®sr | eellteeses, ]
o O A B
= 'ili_i_::i*;f '
§ Lt e, :
N N T Toretessnserereses?

» Vetoes on Ku mass to remove J/i and @ contributions

» Non-B+* decays must have com

binatoric prompt kaon, and this

contribution is present in SSK too, thus it is already accounted for!

» Peaking missing mass must be

produced from single missing

particle. Only candidate is D meson, but not much SM background

with B+—DpK...

» misID very low, combined with low background BF...

15
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LFV AT LHChb

Summary of LHCb LFV analyses and prospects:

published:
B0—ep JHEP 1803 078 2018 Ilimit 0(109)
DO—ep PLB754167 2017 limit o(108)
TFUUH JHEP 02 121 2015 limito(10-8)
coming soon:

B0—Kep no helicity suppression

Ap,— Aep baryon sector

B K/K*tp LFU suggests hierarchical

Bty couplings

+ analyses of previously published channels adding new data

16
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LFV AT LHCb

LHCb is significantly contributing to constrain new physics
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SUMMARY AND CONCLUSIONS

» Observation of LFV would be a clear sign of new physics
» Anomalies in LFU would make LFV searches also interesting
» No LFV observed yet:

» In many channels we are reaching the level of BSM predictions

» Statistically limited: analysing Run 2!

» New modes will be analysed

18
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MASS FITS (2)

lU_' Irl !'II T

107,08

T B
5000 5200

N~ O ~ O (NI
LELEL T11 21 L LI LB L L T1T]I111
// /
4 1
./ 1
l/ )
Meeessmmsssssssesaaaaan l.........................: L

5400 5600 580
m=,= [MeV/c?]

u*

lU_‘I |'|‘| T

107,08

105:}:.:

N B~ N

10_:::5.

N B~ N oo

109,107 ]

5000 5

200 5400 5600 5800
m=,= [MeV/c?]

u*

LHCb

t Data
—— Total
---- Combinatorial
- Ay = puv
B’ = mutv
_ B(S) — o= ,Ll“t
BO — o //ﬁ



GUIDO ANDREASSI - SEARCH FOR B—ep

EXCLUSIVE BACKGROUNDS

B —» wuv Ag — PV

A RooPlot of "m" et
—~ 300 _ A RooPlot of "m
QO o
~ n Q
= 250F S
> - é’
S 200} =
"UE) 150 = C\_,Q
2 - @
w100 L|>J

_49(_)0 500051005200530054005500560057005800 :é - - \ 4 . . . . . .
m (MeV/c?) 4900500051005200530054005500560057005800
m (MeV/c?)

@ Shapes shown are BDT bin 2 [0.25,0.4], without brem recovery
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TRIGGER STRATEGY AND EFFICIENCIES
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0.758 + 0.006
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PID STRATEGY AND EFFICIENCIES
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@ Optimisatised with respect to
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figure of merit (FOM):
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hh—eu
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@ Same signal PID efficienc

(~ 80%), but lower misID rate

PID efficiencies for Bs2emu with brem recovery in BDT bins for 2012
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PEAKING BACKGROUNDS - B— HH

Main method Cross-check
@ Estimation of expected @ Single misID determined in
amount of B?S) — hTh™ is B?S) — h™h™ data
determined using @ Electron PID on one of the tracks
B(Os) — h™h™ MC weighted and hadron PID on other

with PIDCalib efficiencies e Additional misID efficiency with

@ Normalise with respect to main method
BT — Jp (= pTum)KT

@ Expected result shown here
in full mass, BDT and

HasBremAdded range and is
negligible

@ Result compatible

[
oS O

Candidates / ( 10 MeV/c?)
3

Pull
S W

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
_5600 5200 5400 5600 5800
m,,, [MeV/c’]
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EFFICIENCIES - PID

@ Determined using PIDCalib

@ Reweighting to signal MC in bins of BDT and HasBremAdded with
track pr, n (and nSPDHits for electron to data nSPDHits distribution)

o BY - Ktn~ uses p and n binnings

PID efficiencies for Bs2emu without brem recovery in BDT bins for 2012 PID efficiencies for Bs2emu with brem recovery in BDT bins for 2012
[N | o -
w w
0.76 [ — 0.92—
0.74— 09—
0.72}— e 0.88|—
B I B e T
0.7— 0.86— ozezer sezezes]
— — ——F———
0.68|— ; BRI 0.84|— 3
. B : —
- 1 -
0.66 — 0.82—
B 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
BDT classifier BDT classifier
Run 1

Bt —Jhp (—ptpu”)KT  0.9781 &+ 0.0002 (stat)
B — Ktm— 0.3850 £ 0.0001 (stat)
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EFFICIENCIES - TRIGGER

@ TISTOS for LOxHIt1

=200 A S T R N S TN S A AN S S Y SR AN S SO T SR A SO ST S

00000000000000000000

@ Using TIS sample of

@ Reweight efficiencies to IP and E(for electron)
or pr (for muon) to account for biases

@ HIt2 efficiencies from MC

@ Systematics from TISTOS binning and MC reweighted for B prand nSPDHits

BY . — e*puT (HasBremAdded == 0)  0.726 £ 0.002 (stat) £ 0.015 (syst)
BY . — e*pT (HasBremAdded == 1)  0.621 + 0.002 (stat) + 0.015 (syst)

BT — J/y(utp=)KT 0.758 + 0.006
BY —» Ktn— 0.212 4+ 0.002
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B2EMU - LQ MASS

95% C.L.

B(B"— e* ") < 2.8 (3.7) x 10” 90(95)% C L.
M, o(B® = e* u¥) > 135 (126) TeV/c?

90% C.L.
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