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Motivations

Lepton Flavour is an accidental simmetry in the SM
* v oscillations lead to Lepton Flavour Violation (LFV) for neutral leptons

« No cLFV process observed yet, SM+v mixing: B(t7—uy) ~O(10-%)
« Beyond SM new particles can enhance such processes up to ~O(1071°-107)

* Observation of cLFV: clear sign of New Physics

e Limat setting on B: constrain theories of NP

[PhysRevD.110.075004, JHEP09(2024)174, sym16030359]
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https://inspirehep.net/literature/2811687
https://inspirehep.net/literature/2804228
https://doi.org/10.3390/sym16030359

LHCDb

* Forward spectrometer: excellent o NG
A 2 P e \:\ \\
detector for study beauty and charm NN
hadrons // sear HCAL \a MS \\\

/ SPD/PS M3
RICH2 M 2

* Most b produced in acceptance

* Excellent vertex resolution, tracking

and Particle Identification

Ap/p= 0.5% Q low momentum  €e(e) ~90% ,misID(e—h) ~5%
IP resolution: e(K) ~96% , misID(7— K) ~5%
(15+29/pr [GeV])um e(p) ~97% ,misID(7m— ) ~2%

Runl & Run2 Detector
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Semileptonic B decays: why search cLF'V here?

* cLFV is intrinsically connected to Lepton Flavour Universality Violation
(coupling strengths are not identical across different lepton flavours) [PhysReviett.114.091801]

LFU tests with b— sl*l~ (R,Rx+): and b—cl vy (Rp+Rpo):  [PhysRevLett. 131111802
> electron-muon universality > ~30 deviations with SM

compatible with SM [PrD108(2023)032002]

* New particles like Z' or leptoquarks allow for B — K0+ 75 BY— K07 w
additional tree-level contributions that enhance Bg — et ut Bg — QTEUT
to experimental level the B of process like:
[PhysRevD.92.054013] * Analyses performed on 9 fb!
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801
https://inspirehep.net/literature/2684465
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801

Effective Theory

* In the full theory, interactions might involve heavy particles with masses well above the

low-energy scale we're interested in.
[arXiv:1704.05340]

4G
The weak effective Hamiltonian relevant to b— st~ is:  Heg = ——= Vi Vi ZCiOz’ + b€, ;

V2

Where the Wilson coefficients C; quantify the strength of each possible operator

* Recently LHCb performed an angular analysis of B — K %e*e~ decays: [LHCh-PAPER-2024-022]

the angular observables are found to be consistent with the SM expectationg ™o bepublished scon

* LFUV in b— cl v, are still an interesting source for LFV, especially in tau decays
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https://arxiv.org/pdf/1704.05340

LFU in b—sll

bt LA S R R I e et
* b—sll are rare process studied extensively to T L6F | ucp private compitation 7
test LE'U of the SM by measuring relative il i
rates
/qf AD(BHO) = K40 1+ ) 2 ' —t— ]
dg F pl—p—— :
Rk (%, a3) = & ' SOl : ' P
, w /qg (1F(B(+’O) —3 K(+’*O)€+€_)d 9 i ! S H4 Ry [PRDI0SQ023)032002] ~ 1
q 08+ HH Rg+  [PRD 108 20230320021 ]
q(% dq2 i '| ! i : I-I-i Ri—m [LHCh-PAPER-2024-046]
L 2k 2 ; M Ry LaXiv241013048) ]
06 | HH Rge+ [PRL1282022) 191502] &
L. i Ry, [(PRLI28 2022) 191802
e B~10"7—107% (loops or boxes transitions) coulll L p—— i
& e o by by e by by b sy by s 1y
0.0 2.5 5.0 7.5 100 125 150 175
° . . ¢ [GeV?/c!]
non-LFU new physics mediators can
contribute with amplitudes similar to SM one’s * See also Gabriele’s talk for more details
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https://agenda.infn.it/event/41047/contributions/243406/

LFU in b—clyv

* LFU can be studied using tree-level semileptonic transition b —clv

. _ o 2% v " 68%CL borfours

* In particular, b—c7v, decays are sensitive to NP & [ Es=ak Bl BaBar
contributions, due to the 3" gen. fermions 035~ LHCY 7]

B lell -

* Currently, there is a 3.30 tension R(D") with SM oaf =
predictions for tau-muon universality -
025 ﬂ

* Very prolific research field: different decay channels - A — -
. . 0.2  4HFLAV SM Prediction E(B) 0514 00260, —

and angular analysis ongoing [ RO)=0z8 w00 N fut ]

. . . . I I I B P(X) 0 . ]
Many systematics are driven by data: 0.2 03 04 05 o)
R(D

with HL Upgrade sample — Tr ey~ 3% [arXiv:2101.08326]
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https://arxiv.org/pdf/2101.08326

Branching ratio’s Recipe

* The number of expected events for X— Y can be expressed as

NX=Y)=L 0(X=Y) - B(X—=Y) e(X—=Y)

* Since at LHCDb the number of X produced in the sample of analysed data is not

known, branching ratios B are normalized to a well measured control channel

Bhorm €norm
Bsig — X X IV, sigy
Nnorm Esig

N

-~

=

* o is a normalization factor that represent the single event sensitivity
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Search for B’ — K%* u¥ and Bl— ¢e* 7

~ 40
. . L LHCb
Final states studied separately S 3 T
. = 30 i Data
(different BSM effects) 3 Lf o Dhg et
= il — Total bkg
. ° W !i ---C bi i ]bkg
* Normalization Modes: g MUN., @ = Higher excited D°
% 15 o Semi]esplonigﬁ 4
Bi—s KV J/p(utp )and B¢ J/p(urp)  § ol Bl e
5 b -
BaCkgroundS: (e Fiseguepiqom s A lIIIl.‘.'.n- ey W00« R RRAREN
4500 5000 5500 6000 6500

* Combinatorial reduced with BDT selection
* Main MisID backgrounds included into the fit

m(K*mute’) [MeV/e?]

Candidates / ( 25 MeV/c?)

=
T

)
T

t

=
T

4500

5000

ii - Higher excited D]
it e By =1x107

Bl putet
i Data
— Bkg + sig model
i — Total bkg
it --- Combinatorial bkg

m(K'K ™ pte’) [MeV/e?]

Yields obtained with unbinned extended fit

BB’ = K*uTe™) < 5.7x 1077 (6.9 x 107?),
BB = K*u et) < 6.8 x 1077 (7.9 x 107?),

B(B" = K*Y=eT) < 10.1 % 1072 (117 x 1072,
B(BY = ¢uFeT) < 16.0 x 107 (19.8 x 107%)

World’s most stringet limits to date @ 90% (95%) of C.L.

cLFV @ LHCb
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https://link.springer.com/article/10.1007/JHEP06(2023)073

Search for B — Ktu*et

* Normalization mode: Bt*— K* J/v (utp), * Invariant mass distributions for 2011 and 2012
e Control channel: B+— K+J/¢ (€+6_) * Fit performed with and without signal component
s | 1| Lhco I_: ~ NI A
>t i Data A i Daa ]
Backgrounds: 2t e S N o g
* Combinatorial reduced with BDT : ﬂ]\)_“ ‘ il :
* Partially reco’ed (doubly semileptonics) and decays — ° * £
4500 5000 5500 6000 4500 SOUU* - 35[{0 6000
with charmonium resonances removed with mass AR M
vetoes and with another BDT B(B*— Ktute )< 6.4(8.8) x 107*

* Lastly, PID cuts to fight misID
* Potential contamination from b-hadron decays after

selection studied with MC but found negligible Limits at 90% (95%) of C.L. improved
previous results by one order of magnitude

B(B*— Ktuet)<7.0(9.5) x 10~ _
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https://doi.org/10.1103/PhysRevLett.123.241802

T reconstruction strategies

In b— sTu transitions the tau lepton is reconstructed as — nnmy, or ™— 'y,

Since neutral particles are not explicitely reconstructed, different techinques could be
implemented to reconstruct the signal candidates:

1. The corrected mass is used to recover part of the missing energy of the B meson: [insSPirE]

M:\/Mgf's+Pi?+P3f'sI+\/M8+Pt2+P§! \ Mcor’:\fMgis+Pt2+|Pf|
— 2 :

—
> M. (Mp) are the total invariant masses of the set of vertex-associated tracks (set of

missed particles), Piq is the momentum sum transverse (along) the B flight direction

2. Direction and mass constraints can be applied to perform a kinematic fit [N1ia552(2005)566]
in a parameterization of the whole decay chain in terms of vertex positions, momenta and decay times
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https://inspirehep.net/literature/582951
https://doi.org/10.1016/j.nima.2005.06.078

Search for B’ — K07+ 7

o Signal Modes: most stringent limits on b— s7u ;T: lgé_l B LHCb Simulation 0.
: T 18]
@ 90% (95%) of C.L. g 16f
K (K*7%), 7—(3mv, or 3n7’v;) 0 (95%) o 2 1t
. . . . wb 12F
* Normalization Mode: B(B® — K*9tT17) < 8.2(9.8) x 107° g
B'— D~ (Ktn 7 )Di (KtK-n") B(B® - K97t ™) < 1.0(1.2) x 107° ]
4
5 10 ,
Backgrounds: A e m2o, [GeV/c)
: : : : > 4Op e 1 =
* Physics: multi-stage selection with BDTs 2 sf ol 4 S LHCb Simulation
g 30F = E >
1) Combinatorial bkg (exploits topological differences) & sk o TR N L
2 20F e B K £ g = 14
2) Rejection of charmed mesons mis-identified as tau £ ?2 A S,
2 10k 3 S 10
S st 5
EmCIenCIeS: _%](-]0 ] l40t')()‘ Sﬂﬂl:]\m 6000 ‘ I ?‘f;()()

Mgy [MC V"{C_)]

* Most of them computed on MC
* PID evaluated using calibration samples

5

. 10
* Efficiency maps used to recast the 2. [GeVc]
I

results for different decay models "
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https://link.springer.com/article/10.1007/JHEP06(2023)143

Search for BY— ¢ u¥7=+

T T T T T T

* Signal Modes:

its

¢(K+ K *) , T —><37TVT or 37T7TOVT) EEE: LHCb simulation :i;[} :

* Normalization Mode: % 0‘15— “ji;f’;w —

BY— ¢(K+K-)4(28S) (J/4 (up)m) = ousf -

0.06

Backgrounds: 0.04
* BDTs for combinatorial * mislDry, B— DKTK 7! o

and for partially reco’ed similar to signal: ’

contribution estimed with
exclusive D—37mX samples * Distribution of the constrained

first limit on this decay — competitive with similar searches mass for simulated decays

B(B.— ¢ pF 1%) < 1.0(1.1) x 10> @90% (95%) of C.L.
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https://arxiv.org/abs/2405.13103

B meson from B* decays

The long lifetime of B/B" mesons allows to have vertices well separated from any
PV, reducing the amount of background

By tagging the B produced by the excited state, it’s energy can be determined up
to a quadratic ambiguity (using decay vertices and mass constraint)

T leptons selected inclusively: 1-prong

K- K+
‘éﬁt 7
PV Smmmmmeee e
B B T+

(mass constraints on the B mesons) + (K~ momentum) — mus peaking at m,?
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Search for B™— Kty 7"

* Signal mode p~7* preferred (lower background from
B—DXutv,): By— K-B*(Ktu 7t
* full four-momentum of the 7 lepton reconstructed: search

* Fits to the missing-mass-squared distribution
signal sample in each bin of BDT output

1 1o 2 o~ T T T T T 3 o I0F T T T T =
for a peak in 7 missing-mass 1%, % wf b e ;:": ~ o bico
* Normalization mode: Bt — K*J/y (utp") S Wb 32 1 S o DB
7 400F [Znon-87 signal 3 - F [Inon-B}Y signal E
. . %:: E --- Background E '?:j 150F  --- Backgrounc E
* PID cuts on the third track to define signal and 5 wf e - - D :
normalization region and reduce partially reco’ed U ° st
oL
background (allows also to define a SS sample of candidates
not from B:g) é wnf— e Dt I Iﬁ[l;l'ﬁbl E é 3sE e Dan r 15§T{:1?I4
. 3 & o F —Fi pAn. 3 ] & E —H in
* BDT as last stage of selection to fight residual background e MF s 1 S 0f Tetiem
§ of Dt ve 1 e BT
- i ERE I
B(B+—> K*,u‘TJF) <39x10°@90%C.L. © EW S i N

Limit comparable to the world-best limit
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https://link.springer.com/article/10.1007/JHEP06(2020)129

cLFV in tau decays

T reconstructed at LHCDb originated mainly from prompt or secondary decays of
b- and c-hadrons (e.g. D7, D and B mesons decays), which are abundantly
produced at LHCDb

~80% of them come from D,*, while at b-factories tau come from ete —77"

b-factories have studies radiative and decays with all combinations of leptons
[Phys.Lett.B 687 (2010) 139-143)]

Among [—['l'l" decays the 7— puup offers a clear final state, with high
reconstruction and identification efficiencies at LHCb
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https://inspirehep.net/literature/843249

Search for 7 — pu* u* p*

* LHCb analysis on Runl Data (3fb™) prero20is)21] © “;""
> Normalization and control mode: Df— ¢(u*p)nt of
> Background: Combinatorial and misID (D*— 37 ,Dt— K-ntnt)

B (7= -t < 4.6(5.6) x 10-5@90% (95%) C.L. L e e e

B(t—pp*p) [x 10°]

* Current best experimental limit from Belle: 2.1x108@90% C.L. [arXiv:1001.3221]

Ongoing analysis with Run2 Data (coming out very soon!)

> Extrapolated limit from Runl+Run2: 2.5(3.1) x 108 @ 90% (95%) C.L.

> More efficient selection and detailed analysis, final results should be improved even more
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https://arxiv.org/abs/1001.3221
https://link.springer.com/article/10.1007/JHEP02(2015)121

Outlook

* LHCDb has a very rich program of cLFV searches in b- and c-hadron decays

~ No signal observed so far, but more constraints on BSM theories set thanks

to improved limits on B

* New Data from Run3!

>

allow to run at x5 L.

Upgraded detector and improved trigger system
et (2x10%em~2s71)

Already record ~10 fb!: reduce statistical error

and systematics due to data-driven methods

-t
o

(os]

Integrated Recorded Luminosity (fb™

— 2024 (13.6 TeV): 9.56 fb™'
— 2023 (13.6 TeV): 0.37 fb™
— 2022 (13.6 TeV): 0.82 fb™'
— 2018 (13 TeV): 2.19 fo™
—2017 (18 TeV): 1.71 fb™
— 2016 (13 TeV): 1.67 fo'
—2012 (8 TeV): 2.08 fb™

— 2011 (7 TeV): 1.11 fb™

May Jul

Nov
Month of the year
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Thank you for the opportunity to present here today



Motivations



		Lepton Flavour is an accidental simmetry in the SM



		ν oscillations lead to Lepton Flavour Violation (LFV) for neutral leptons



		No cLFV process observed yet, SM+ν  mixing: B(τ→μγ) ~O(10−40) 



		Beyond SM new particles can enhance such processes up to  ~O(10−10-10−7)



		Observation of cLFV: clear sign of New Physics



		Limit setting on B: constrain theories of NP 

[PhysRevD.110.075004, JHEP09(2024)174, sym16030359]







Let’s see why we should search for Lepton Flavour Violation process:



		Forward spectrometer: excellent detector for study beauty and charm hadrons 



		Most b produced in acceptance







∆ p/p = 0.5% @ low momentum

IP resolution:

(15+29/pT  [GeV ])μ m 





LHCb



ϵ(e)  ~90% , misID(e→ h)  ~5%

ϵ(K) ~96% , misID(π→ K) ~5%

ϵ(μ)  ~97% , misID(π→ μ)  ~2%







		Excellent vertex resolution, tracking and Particle Identification







Run1 & Run2 Detector



As already mention during this workshop, LHCb is a forward spectrometer…

The figure shows the detector that operated during run one and two, now is almost completely upgraded



		cLFV is intrinsically connected to Lepton Flavour Universality Violation (coupling strengths are not identical across different lepton flavours)







Semileptonic B decays: why search cLFV here?



LFU tests with b→ s l+l− (RK,RK*):

		electron-muon universality compatible with SM 







and b→ c l−νl (RD *,RD 0):

		~3σ deviations with SM







[PRD108(2023)032002]



[PhysRevLett.131.111802]



		New particles like Z' or leptoquarks allow for additional tree-level contributions that enhance to experimental level the B of process like:







[PhysRevD.92.054013]



[PhysRevLett.114.091801]



B0 → K*0e± μ∓  

B0 S → φ e± μ∓



B0 → K*0 τ± μ∓

B0 S → φτ±μ∓



		Analyses performed on 9 fb-1









From theories we know that lepton flavour violation is linked to LFU, Lepton Flavour Universality Violation.

I won’t go into too much details, but as you know there has been lots of test involving transition of b quarks to s l l  or c l nu.

For the first case the electron-muon universality is proven to be compatible with Standard model, while for the second case there are still some tensions with standard model that could suggest LFV.

The branching ratio of process like the one listed here could be enhanced thanks to the tree-level contribution of new particles







Effective Theory



		Recently LHCb performed an angular analysis of B0 → K*0 e+e− decays:

the angular observables are found to be consistent with the SM expectations



		LFUV in b→ c l−νl are still an interesting source for LFV, especially in tau decays









The weak effective Hamiltonian relevant to b→ s l+l− is:



		In the full theory, interactions might involve heavy particles with masses well above the low-energy scale we're interested in.







[arXiv:1704.05340]



Where the Wilson coefficients Ci quantify the strength of each possible operator



[LHCb-PAPER-2024-022]

 To be published soon



In the full theory…

The weak effective hamiltonian for b to s l l is shown here, and contains a sum over possible operators, with a strength indicated by factors callled wilson coefficients.

Recently...





LFU in b→sll



		b→ s l l are rare process studied extensively to test LFU of the SM by measuring relative rates











		B∼10−7−10−6 (loops or boxes transitions)



		non-LFU new physics mediators can contribute with amplitudes similar to SM one’s







		See also Gabriele’s talk for more details









So just in a nutshell: b to s l l ..

Many different final states have been studied at LHCb, as you can see from the plot on the right.

The branching ratio of the process involved is expected to be around ten to the minus seve, six, but non-LFU...



LFU in b→clν 



		LFU can be studied using tree-level semileptonic transition b → c l ν 









		In particular, b → c τ ντ  decays are sensitive to NP contributions, due to the 3rd gen. fermions



		Currently, there is a 3.3σ tension R(D(*)) with SM predictions for tau-muon universality







		Very prolific research field: different decay channels and angular analysis ongoing



		Many systematics are driven by data:  

with HL Upgrade sample 







→ σ  < 3% 



R(D(*))



[arXiv:2101.08326]



Lepton flavour universality can be studied with tree-level semileptonic transitions..



Branching ratio’s Recipe



		The number of expected events for X→ Y can be expressed as







		Since at LHCb the number of X produced in the sample of analysed data is not known, branching ratios B are normalized to a well measured control channel









		α  is a normalization factor that represent the single event sensitivity









N(X→ Y) = L⋅ σ(X→ Y) ⋅ B(X→ Y)⋅ ϵ(X→ Y) 



How do we measure the branching ratios at LHCb?...





Search for B0 → K*0e± μ∓  and B0 S → φ e± μ∓  [JHEP06(2023)073]



Final states studied separately

(different BSM effects)

		Normalization Modes: 





B0→ K*0 J/ψ(μ+μ−) and  Bs 0→ φ J/ψ(μ+μ−) 





Yields obtained with unbinned extended fit







World’s most stringet limits to date @ 90% (95%) of C.L.



Backgrounds:

		Combinatorial reduced with BDT selection



		Main MisID backgrounds included into the fit











Let’s start to see the analysis with electron and muon in the final state: the two possible charge combinations were studied separately…

Normalization channels..

For the backgrounds, the combinatorial is tackled with BDT…

MisID Semileptonic B (s) D (s) resonances can escape this veto due to their higher masses; they are therefore modelled in the fit



The combined limits are obtained combining the two data sample

------

Results deteriorates when combined 

Check the dominant systematic



Search for B+ → K+μ±e∓      [PhysRevLett.123.241802]





		Invariant mass distributions for 2011 and 2012



		Fit performed with and without signal component









		Normalization mode: B+→ K+ J/ψ (μ+μ−),



		Control channel: B+→ K+J/ψ (e+e−)







Backgrounds:

		Combinatorial reduced with BDT



		Partially reco’ed (doubly semileptonics) and decays with charmonium resonances removed with mass vetoes and with another BDT



		Lastly, PID cuts to fight misID



		Potential contamination from b-hadron decays after selection studied with MC but found negligible











B (B+→ K+μ+e−) <  6.4(8.8) × 10−9 

B (B+→ K+μ−e+) < 7.0 (9.5) × 10−9





Limits at 90% (95%) of C.L. improved previous results by one order of magnitude



Another possible decay with electron and muon is the B to K mu e.

Backgrounds studied in details:



This analysis was performed on run one dataset and improved the previous results..





τ reconstruction strategies



		In b→ sτμ transitions the tau lepton is reconstructed as τ→ πππντ or τ→ ππππ0ντ 



		Since neutral particles are not explicitely reconstructed, different techinques could be implemented to reconstruct the signal candidates: 







		The corrected mass is used to recover part of the missing energy of the B meson: [inSPIRE]



















		Direction and mass constraints can be applied to perform a kinematic fit [NIMA552(2005)566]









		Mvis (M0) are the total invariant masses of the set of vertex-associated tracks (set of missed particles), Pt(l) is the momentum sum transverse (along) the B flight direction







in a parameterization of the whole decay chain in terms of vertex positions, momenta and decay times









⊥ only

M0=0



B rest frame



Electrons and muons are “simpler” to reconstruct than tau at LHCb, so let’s focus now for a moment on the strategies that can be used.

In the B to s tau mu transition for example the tau lepton ..





Search for B0 → K*0 τ± μ∓   [JHEP06(2023)143]



		Signal Modes: 





K*0 (K± π∓), τ→(3πντ  or 3ππ0ντ) 

		Normalization Mode:





B0→ D−(K+π−π−)Ds +(K+K−π+) 



Backgrounds:

		Physics: multi-stage selection with BDTs





		Combinatorial bkg (exploits topological differences)



		Rejection of charmed mesons mis-identified as tau 







Efficiencies:

		Most of them computed on MC



		PID evaluated using calibration samples









		Efficiency maps used to recast the results for different decay models











TexMaths28§display§\mathcal{B}(B^0\rightarrow K^{*0}\tau^+\mu^-) < 1.0 (1.2)\times 10^{-5}§svg§600§TRUE§

TexMaths28§display§\mathcal{B}(B^0\rightarrow K^{*0}\tau^+\mu^-) < 8.2 (9.8)\times 10^{-6}§svg§600§TRUE§

most stringent limits on b→ sτμ

 @ 90% (95%) of C.L.



This analysis uses the first method, the corrected mass is used to recover part of the missing energy from neutral tau decay particles.



---------------

Missing band due to the selection requirement m(Kµ) > 1885 MeV





Search for B0 S → φ μ∓τ±     [arXiv:2405.13103]



Backgrounds:

		BDTs for combinatorial and for partially reco’ed









		Signal Modes: 





φ(K+ K−) , τ→(3πντ  or 3ππ0ντ) 

		Normalization Mode:





Bs 0 → φ(K+K−) ψ(2S) (J/ψ (μ+μ−)π+π−)



		misIDπ→μ  B→ DK+K−π+ similar to signal: contribution estimed with exclusive D→3πX samples









B(Bs0→ φ μ∓ τ±) < 1.0(1.1) × 10−5 @ 90% (95%) of C.L.



first limit on this decay – competitive with similar searches





		Distribution of the constrained mass for simulated decays







In this analysis instead the kinematic fit is used to compute the mass of the candidate: on the right you can see the MC distribution of the candidates depending on the tau final state.

For the backgrounds, the combinatorial and partially reconstructed BDTs were used, and instead the main misID contribution is estimed using exclusive D to three pi X.

This is the first limit on this decay, and is competitive with similar searches



B meson from B* decays



		The long lifetime of B/B* mesons allows to have vertices well separated from any PV, reducing the amount of background 



		By tagging the B produced by the excited state, it’s energy can be determined up to a quadratic ambiguity (using decay vertices and mass constraint)



		τ  leptons selected inclusively: 1-prong















(mass constraints on the B mesons) + (K− momentum) →  mmiss peaking at mτ2













PV

Bs2 *0



K−



B+



K+



μ−



τ+



There is another way to recover the missing energy of the b candidate: the long lifetime…

The tau lepton are selected inclusively, requiring just an additional charged track



Search for B+ → K+μ−τ+      [JHEP06(2020)129]





		Fits to the missing-mass-squared distribution signal sample in each bin of BDT output







		Signal mode μ−τ+ preferred (lower background from  B→ DXμ+νμ):  Bs2 *0→ K−B+(K+μ−τ+) 



		full four-momentum of the τ lepton reconstructed: search for a peak in τ missing-mass mmiss 2  



		Normalization mode: B+ → K+J/ψ (μ+μ−) 



		PID cuts on the third track to define signal and normalization region and reduce partially reco’ed background (allows also to define a SS sample of candidates not from Bs2 *0)



		BDT as last stage of selection to fight residual background









B (B+→ K+μ−τ+) <  3.9 × 10−5 @ 90% C.L. 



Limit comparable to the world-best limit



This technique is used for the search for B+ to K+ mu- tau+. This charge combination is preferred because has a lower background semileptonic B → Dxµ + ν µ decays, where X refers to any number of additional particles

The fits are performed in the missing mass squared distributions, as you can see from the plots on the right.

PID cuts on the third track (tau) are in place to reduce the partially reconstructed background, and the residual is removed with a BDT.

The achieved result is compatible with the world-best limit.



--------

 because Cabibbo-favoured decays of the charm meson are likely to lead to kaons of the same charge as the muon.



cLFV in tau decays



		τ  reconstructed at LHCb originated mainly from prompt or secondary decays of b- and c- hadrons (e.g. Ds+, D and B mesons decays), which are abundantly produced at LHCb



		~80% of them come from Ds+, while at b-factories tau come from e+e−→τ+τ− 



		b-factories have studies radiative and decays with all combinations of leptons  [Phys.Lett.B 687 (2010) 139-143]



		Among l→ l'l'l' decays the τ→ μμμ offers a clear final state, with high reconstruction and identification efficiencies at LHCb







Lepton flavour violation can be search also in tau decays: the tau reconstructed…

---------

Tau to mu gamma: conversion electrons from the photon (in the magnet) to get the tau displaced vertex and reduce the background at LHC



Search for τ± → μ± μ∓ μ± 



		LHCb analysis on Run1 Data (3fb-1)











		Current best experimental limit from Belle: 2.1× 10−8 @ 90%  C.L.  



		Ongoing analysis with Run2 Data (coming out very soon!)







		Normalization and control mode: Ds +→ φ(μ+μ−)π+ 



		Background: Combinatorial and misID (D(s)+→ 3π ,D+→ K−π+π+)























		Extrapolated limit from Run1+Run2: 2.5(3.1) × 10−8  @  90% (95%) C.L.



		More efficient selection and detailed analysis, final results should be improved even more









B (τ+→ μ+μ−μ+) < 4.6(5.6) × 10−8 @ 90% (95%) C.L. 





[arXiv:1001.3221]



[JHEP02(2015)121]



LHCb has alerady performed this analysis using the run one dataset, using the Ds to phi pi as normalization channel, setting a limit of four point six times ten to the minus eight at nintenty percent of confidence level.

Currently the best limit is from Belle, but the Run two data analysis is ongoing and we are at the unblinding stage, so expect results very soon!

I can’t do spoilers, but the extrapolated limit from the combination of the two dataset already is competitive with Belle, but with a more efficient selection and detailed analysis, we hope to improve even more



Outlook



		LHCb has a very rich program of cLFV searches in b- and c-hadron decays





		No signal observed so far, but more constraints on BSM theories set thanks to improved limits on B 













 

		New Data from Run3!





		Upgraded detector and improved trigger system allow to run at × 5 Linst (2×1033cm−2s−1)



		Already record ~10 fb-1 : reduce statistical error and systematics due to data-driven methods







To conclude then, LHCb as a very rich program of charged lepton flavour violations searches.

No signal observed so far with run one and two, but the improved limits on Branching ratio are helping to constrain the beyond standard model theories.

However we have new data from Run three: almost ten inverse femtobarn are already recorded with an upgraded detector and an improved trigger system that allows to run at 5 folds instantaneous luminosity, so stay tuned!



Thank you!
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