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Outline of the talk

-» Motivation & experimental overview

=» LFV searchesinB decays at LHCb
o Search for LFV B°—K*%e*y"and B°.—¢e*p’
o Search for LFV B°—K*°1*u* decay
o Searchfor LFV B®.—¢1°u" decay

=» Summary
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Motivation and experimental overview

=» LFV occursin the SM only via neutrino oscillations
- Highly suppressed (Am?/M, ?), expected BR in charged sector ~O(10°°)
Leptons | Decay Limit (90% C.L.) | Integrated luminosity | Experiment
B — eFu* 1.0 x 1079 [89 3fb1 LHCb
-> 1 i B - eFpu* 5.4 x 1079 [89 30! LHCb
Ny opservation constitutes a clear
BY — 70Ty 1.4 x 1077 [90 472M BB (426 fb°1) BaBar
. Bt = nteFpu® 1.7 x 1077 [90 472M BB (426fb71) BaBar
probe of New Physics (NP) B® o KOFut 3.8 x 1078 [91] 772M BB (77161 Belle
. BY — K¢ * 10.1 x 1072 [12] 9fb! LHCb
=» Some NP models, e.g. LQ, predicts BRs o | B Kt | 5T 1070 12 ofb! LHCb
i B? — K*%et 6.8 x 107 [12 9fb~ LHCb
. A B Kep 70 % 10 92 375 THChH
close to current experimental limit and are B Kte-pt | 6.4 10-9 [o2 e Py
.. . . Bt — K*te pt 9.9 x 107 [93] 472M BB (426 fb°1) BaBar
sensitive to the lepton families coupling B* = K*ety~ | 1.3 x 107 [93] 4TI BB (42670 BaBar
B+ - D-etut 1.8 x 106 [94 772M BB (771 fb~1) Belle
. : B — ¢getp¥ 1.6 x 1078 [12 9fb! LHCb |
=» B factories and LHCb set stringent LFV " o P T
B — 7F,* 4.2 x 1075 [95] 3fb7! LHCb
bounds Bt - wtrty- 4.5 x 1075 [90] 472M BB (426 fb71) BaBar
Bt = gty 245 x10°° lﬁﬂj 472M BB (426 fb—1) BaBar
T B — K0y~ 1.0 x 107 |96 9fb1 LHCb
DISCUSSED B - K*r~u* | 9.8x107° 96 9fb! LHCh
TS Krn 5O =10 " [07] TIOM BB (77175 ) Beolle
TODAY Bt — K+r—u* | 245 x 10~ [07] 772M BB (771fb~1) Belle
B} = ¢r=pF 1.0 x 107 (98] 9fb1 LHCb |
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Searches for B°—K*eu and B°s—>¢eu

25

i Data

— Bkg + sig model
— Total bkg

-- Combinatorial bkg
~~~~~ Higher excited D~
Semlleplomc + 7

6500
K*muter) [MeV/e?]

=»  Full Run 1+2 LHCb datasets (9fb?) Ol

= Firstresult ever for B —¢p*e’ g 21(5)

=»  Final states: £
K¥(—K*m)ute™ and d(— KK )ute® : a5

=» Normalization samples: i
BO—K*OJ/y(—p*u’) and 4OS'GN§‘XL1'37£P°
B® —¢J/p(—p*y) s

= B°>K*u*e and B°—K*°ue* charge

combinations treated separately

Candidates / ( 25 MeV/c?)

o different background

4500 5000

components/NP predictions

SSOOHMFH

LHCb
|

B K"t b
§ Data
— Bkg + sig model
— Total bkg
-- Combinatorial bkg
----- Higher excited D~
Semlleptomc + T

Ca\didates / ( 25 MeV/c?)

Candidates / ( 25 MeV/c?)

...........................

6000 6500
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m(K* 7 #46%) [MeV/c?]
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LHCbI

Bk e O
§ Data

— Bkg + sig model
— Total bkg
-- Combinatorial bkg
~~~~~ Higher excited D~
Semlleptomc + 7
----- By, =5x 1078

5000 5500 ' 6000 6500
m(K*pet) [MeV/c?]

4500

SIGNAL HYPO
1x107

14 LHCb
0 + 7 9fb_l
12 Bi—¢ute*
§ Data
10 — Bkg + sig model
i — Total bkg

Combinatorial bkg
Higher excned Dg

6000
m(K*K ™ 1te%) [MeV/c?]

4500 50()0 5500 6500

Fit on data of invariant mass distributions
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Searches for B’ >K*eu and B°b—>¢eu: Results

=» Nosignificant signal observed
=> Upper limits at 90 (95)% CLs

B(B’ -+ K*e"pu™) < 6.8(7.9) x 10~*
B(B’ - K*e pu*) < 5.7(6.9) x 10~*
B(B" - K*e"pu¥) <10.1(11.7) x 107°
B(B” — ¢e*pu™) < 16.9(19.8) x 10~°

Limits set assuming uniform phase space

=» Evaluated in different NP models

channel PHSP eft- hm@ ( calar
B(BO—> opTe ) 16.0 (19.8) 16.5 (20.5) 18.8 (23.1)
(BO—> K®% et ) 10d (11.7) 12.0 (13.9) 1—1 i (17 0)
B(BO—> 1\*0/1 et) 6.8 (7.9) 8.0 (9.5) 9 (11.5)
B(BO—> e ) 5.7 (6.9) 6.7 (8.3) 4 (10.2)
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Search for B >K*Tu Background shape [ JHEP 06 (2023), 143

parameterized by control
sample extracted from data

=  Full Run 1+2 LHCb datasets (9fb™1) A ARERALAREF B = ' T T
. > F—m LI 1 5 f LHch :
=»  First search for BO—K*ory* T E e S I 3 oY A S
8 CEemsgen E S sf S 3
. * S 3 S P TN SKr
=»  Final states: 5% S E ﬁjw, v
*0 4 - + +_+_F 0 - 5] 3:_ _; = 4-_ + Background 3
K*(—K*m) 15— (o )vT) u* % E £ AT ; E : 5
. . S i | S E
=»  Normalization sample: L Lt IR = oM L B UL
3000 4000 5000 6000 7000 3000 4000 5000 6000 7000
BO—>D_(—> K+]T_]T_)D +(_) K+ K_]T+) Meor [MeV/c?] Meor [MeV/c?]
S 2 L7 T TR T T TR R TR R o ST T L F % uT
& nF ] & 3
0 *0, -t 0 *0, yFo- N LHCb S pE LHCb
= B"-K*™p 1" and B°—K*p*1" charge o E e S @n 1) E "3 o s
. . ! C e Data ] E_ e Data
combinations treated separately g § % — i 1 8 3‘5’_ —
. NN Rt I e
= Missingv momentumfromtdecay 1 £ b ||/ T\l e B B T A Tl i
o 3 " E = E
Invariant mass of = T% 2 : 3 E 10
P LR / the final states @) : [ I I l [: U S5E
- 0 rif T W WO s 0'1 PO O (O LBOr e T
. 3000 4000 5000 6000 7000 3000 4000 5000 6000 7000
: Meorr = pr+ M : Moy [MeV/c?] Moy [MeV/c?]
\ Missing momentumin the Fit on data of corrected mass distributions

transverse plane
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Search for B> >K*1u: Results [ JHEP 06 (2023), 143
2 e 2N T
=» Nosignificant signal observed . osf éggﬁ“d“ ] % ol ;:::i::k:m_:
=»  Upper limits at 90 (95)% CLs i il e
0.4_ 04F LH ]

B(B’ — K*t7u7) <1.0(1.2) x 107° N ] ) o
B(B* - K*t7p%) < 8.2(9.8) x 107° | ] b ]
= Limits set assuming uniform phase space : BB~ K z'yr) BB~ KT )

-» Efficiencies maps on invariant mass

L : 5
squared of K*p and 1y provided, allowingto £ "¢ g0
O ; O
reweight wrt a specific model < oF <
10F 10
8 / 8
6 6
Veto on m(K*u )>1885 /3 4
MeV/c? to reject 5 0 5 0
|30_,D(*)-T+1,T bkg mi0, [GeV7/cf] My, [GeVTc]
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Search for B°S—>¢Tu

=»  Full Run 1+2 LHCb dataset (9fb?)

4

First search for B® —¢1p’*

=» Final states:

O(—K*K) (= (mO) ) p

=» Normalization sample:

BOS—>1//(25)(—>J/1/)(—>p+p')n+n')¢(—>K*K')
=» Indistinguishability of $ meson does

not allow to separate B—¢1*u* from

EO_)q)TilJi

=» Massrefitted including missing neutrinc

EXPONENTIAL

Candidates / (100 MeV)

uE " —Data — Total fit
---Smooth bke. il Dor* bke.

NE

1

xrsignal 7 3nn” signal

LHCb

12k 9fb!

Candidates / (100 MeV)

e M ;
5000 5500 6000
mg, [MeV]
QUADRATIC
14 ' -=-Data — Total fit 3

---Smooth bke. Jli Do bke.
37 signal 3" signal

momentum and kinematic constraints
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6000
m, [MeV]

Candidates / (100 MeV)

Candidates / (100 MeV)

(9]
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LINEAR
3 L'Hct; ~Data — Total fit 3
F 9 fi! ---Smooth bke. [l Do bke.

37 signal 23mn” signal
N 37 sig 2

3msignal  Z3rn" signal 3

Fit on data of refitted mass distributions

i .
5000 6000
mg, [MeV]
LINEAR x EXPONENTIAL
- i - Data — Total fit
F (l)_l;LClh ---Smooth bke. [l Doz bkeg. 3
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Search for B® —¢tu: Results  INEW !

o o= -

[ E—

=» Four different background shapes considered
-»  For a particular value of BR, the lowest of the four test-statistics is i

=> Upper limits at 90 (95)% confidence level using Feldman-Cousins method

B(B® — ¢ i) < 1.0(1.1) x 1075 & T

—= - Exponential

5 LHCb —e— Linear
" 1) ——r— 9 fb’! -+~ Quadratic
% a6l LHCb 9 fb’! Q-
s 4 -»- Lin. X exp.
| 08 : = Observed
QU ==+ 90% CL limit
07 . ===+ Expected median 3
06 = - Exp.t lo
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Summary

=» Mostrecent LFV searches in B decays @ LHCb presented

=» Searchongoing also in Te sector from B decays with Run 2 data

=» Notonly LFVin B decays @ LHCb: also in charm, baryon and Higgs sector and direct searches in Tt
decays (1— 3y, 7=y, T—puy)

LHCb Integrated Recorded Luminosity in pp by years 2010-2024

=» Run 3 ongoing, lot of data taken and foreseen o 45 3 mmETwEm

S | © mEtnmen
o better sensitivities (o< 1/VL) for LFV channels Z apl| + messmem
o] & 2012 (4.0 TeV): 2.08 /fb
£ 32/ 2011 (3.5 TeV): 1.1 /b
E 2010 (3.5 TeV): 0.04 /fb.
3 27 //
8 23
§ 1.8 / /_.
g . { 7
T ¥
*g 0.9 J gl I
54 0.5 ; ': pes
Yar™" ays Jul Sep  Nov

Month of year

https://Ibgroups.cern.ch/online/OperationsPlots/index.html
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Theoretical models

New Physics scenario with Leptoquark (LQ)

q; Lo 90 q; l,v ')
0 —0 5
M v IV P LQ
Lo ;
a4z q; q;
iz T,
Ui
Wy, =
’ L ~(1/3)
by, CL 2 Sior3
> »- > >
EO{ }D(*H B }D(*)+
d
(a) (b)
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New Physics scenario with Z’ mediator
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Selection and Normalization for B°—>K*eu and B°s—>g|geu

-5
-
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Signal region in [4300, 6700] MeV/c?
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PID requirements on final state hadrons and leptons to suppress double mis-ID bkg BO(S)—>K*°(¢) mw

Mass window of invariant mass for K*n~ and K'K* with width respectively 100 MeV/c? for K* and 12

MeV/c? for ¢, centered on PDG mass value

Vetoes for rejecting background for J/y and y(2s) resonances and semileptonic cascade involving D

mesons (b — ¢(— sl""vy)l” 7 decays)

Separate BDT for each of the two signal decay to remove combinatorial background

Fit on normalization sample

.2)

Candidates / ( 5 MeV/c

lO(y 3

10°:

E LHCb1
E I Data 2
----- B*—=J/y(—u iK™
--- Combinatorial bkg

—m Bi—] [y (=K
e Ap=J Y (=pt pK-

~ B'=JIy (=t K
BY=JIy(—=utu)e

m(J/yK*m) [MeV/c?]

cLFV searches in B decays at LHCb

s i «o b Ji 11 Ji i m
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2)

Candidates / ( 5 MeV/c

10° s

10’k
: / wom BOJ I Y(—pt K K

LHCb

9fb!
I Data

----- B [y(H' )9
--- Combinatorial bkg

| s Ay Iy (= wpK-
B'—=J/y(—utu)K™

Wialhrdheh

5300 5400 550() 5600 5700 5800 5900
m(J/wK*K™) [MeV/c?]
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Background for B°—K*ey and B® —dep
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b—-clv, cascades with same final states as signal
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NP models for B°—K*ep and B® —dep

=» Limit set assuming uniform phase space

=» Distributions differs significantly in NP models

4 B(B" — K*e"pn") <9.9(11.5) x 10~° )
B(B’ — K*e p") < 8.4(10.2) x 10~°

B(B’ —» K*e"pu™) < 14.7(17.0) x 1077
B(B® — ¢e"pu™) < 18.8(23.1) x 1077

Scalar model Cs“eaﬁO

/
B(B" — K*e"pn™) <8.0(9.5) x 10~* )
Left-handed model B(B® — K*%e u™) < 6.7(8.3) x 107°
Ce=-C 20  B(B’ — K™e"pu™) < 12.0(13.9) x 10~*

.
-
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LHCb simulation

~— PHSP scaled
— ACy=-AC,, = —0.3 [FLaviO]
— ACgscaled [FLavio]
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— PHSP scaled
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B(B® — ¢e*pu™) < 16.5(20.5) x 1077

- J
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Background for B°>K*1u

B
’/
’/
PV 7f<

k Partial reconstructed decay /

\ Double mis-ID B—D_D /
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- -
PV /ﬁ\

b—-clv, cascades with same final states as signal
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Selection and Normalization for B’ —K*tu

- Signal region in [4600, 6400] MeV/c?

=» PIDrequirements on final state hadrons and leptons

=» BDT to suppress combinatorial background

=» BDT to suppress charmed meson contributionsin T
reconstruction

=» Fisher discriminant using isolation information of the
candidates to remove part. reconstructed bkg

-  Specific vetoes for D°/D* mesons

=» Fiton normalization sample

Tommaso Fulghesu cLFV searches in B decays at LHCb
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° ° ° O
Selection and normalization for B S—>¢Tu

->
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[ https://arxiv.org/abs/2405.13103

PID requirements on final state hadrons and lepton and vertex requirements on quality of

reconstruction and separation from PVs

Mass window of invariant mass for K'K* with width 8 MeV/c? for ¢, centered on PDG mass value

Mass thresholds on final state combinations

Refit constraints on B and T directions
and T mass

Specific vetoes for charm mesons

Two BDTs to remove combinatorial and
part. reco background from B decays

Fit on normalization sample

Candidates / (10 MeV)

T T T =
350 ;_ —*— Data _;
300 -é_ ;I-flb(_flb — Total fit _é
250 3 ---- Background
200 -
150 - =
100 4
50 =
0k oacal 2

5200 5300 5400 5500
My 250 [MeV]
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Background for B°s—>¢m

B—DD¢ and B—D_D ¢

k Partially reconstructed decays /
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