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Lepton flavour universality

» Standard Model (SM) predicts same electroweak coupling for all three lepton flavours B w;f‘vr/‘wﬂ,wu

. . W= v /W >,
—> Lepton Flavour Universality (LFU) W = /W > e,

W= w, /W > e,

» validated experimentally in W and Z bosons decays, quarkonia, lepton decays

Z - pp/Z —ee Hi%
. . . Z > 1t/Z —>ee [
» Contribution from New Physics (NP) can affect T4 > ee) b — L
. . T uvy/u - evy 1
> relative decay rates (b — sll and b — clv; transitions) HZV:'VT/LW: :
- . - . . - . T_) VVT/T_)eVEVT
= very well predicted (deviation from unity = hint of LFU violation) . S ! L
0.8 0.85 0.9 0.95 1 1.05 1.1
= cancellation of uncertainties (form factors, cc loop) R
e SM diagrams ~N e NP contributions ™
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t b v
b v
B W A B
v/Z° pore” c o+ c
\_ e W, . ]

» At LHCb, tension with SM observed in precise analyses of b = suu decays

= differential BF measurement of B — ¢u* ™ [PRL 127, 151801]

= angular observables in B —» ¢utu~ and B — K*M it~ HEP11(2021)043, PRL 125, 011802, PRL 126, 161802]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801
https://link.springer.com/article/10.1007/JHEP11(2021)043
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802

Lepton flavour violation

» LFU violation generally implies Lepton Flavour Violation (LFV) [PRL 114 (2015) 091801]

» Tensions with SM observed in LFU tests motivate search for cLFV in b-hadron (or purely leptonic) decays
> cLFV strongly suppressed in the SM with neutrino oscillations (< 0(10749))
» Observation of cLFV — sign of new physics

» Limit setting on BF — constrain theories of NP [Phys. Rev. D 92, 054013, Phys. Rev. D 94, 115021]

= including Z’ or leptoquarks, heavy neutrinos... pt

= that predict BF~0(1071% — 1077)

L
t
Lepton flavour Helicity Semileptonic Semileptonic Z'
Strictly violation suppressed FCNC FCCC
forbidden T pptpm B = ateT b — st+e- b — clw \
} - - } - } } } 4
0 ~ 10740 107° 107 1072 branching fraction pt

~ 7

Lepton flavour universality tests at LHCb

[A. Seuthe, Moriond 2023]
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201411.0565
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.115021
https://cds.cern.ch/record/2854789/files/Seuthe.pdf?version=1

In this talk

Latest results on LFU tests and LFV searches by LHCb including:

» LFU tests with b — sl*1™ decays (Rg, Ry+)

» LFU tests with b = clv; decays (Rp+, Rpo)

» cLFV semileptonic B decays
> B% - K*utet and B » putet
» BO - K*OTi,u$

» Thett - u*tu u* decay
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[2008 JINST 2 So8005], [arXiv:1206.0249]

LFU and cLFV searches at LHCb

O

» Single arm forward spectrometer (2 <7 < 5)

located at the LHC

» Excellent particle identification (PID) from

RICH(a,2), ECAL and Muon Stations

e(e > e)~90%ande(e » h) ~ 5%
e(K—>K)~95—-97%ande(mr - K) ~ 5%
e(u—->u) ~97%ande(mr » u) ~1—-3%

» Good tracking system

Ap/p = 0.5% at low momentum
IP resolution (15 + 29 /p;[GeV])um

Run 1 (2011,2012)

Run 2 (2015-2018)

NG

7 TeV

8TeV

13 TeV

Lint

1.0 fb

2.0fb®

~6 fb



https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/pdf
https://arxiv.org/abs/1306.0249

LFU tests with b — sI™[™ decays
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LFU tests with b = sl¥1~ decays

> FCNC processes only allowed at loop level (BF~ 107°)
—> clean probe for NP

» LFU test performed via the measurement of the ratio

¢I12naxdr(Hb—>Hs#+ﬂ_) da?
f 2 q

9min dg?

2 2 —
RHS(qmin» Qmax) = %211axdl"(Hb—>Hse+e‘)d 5
2 q

Toin qu 14 [ T T T T T T T T T T T T T T T 1
- == SM |
> withHp, = B,Apand H; = K,K*, K%, ¢, pK o[ B NP:ARe(Ch)=-1 )
> Advant llati £ hadroni tainties in th dicti L B2 NP: ARe(Cy) = — ARe(Cjp) = -5 ]
vantage: cancellation of hadronic uncertainties in theory predictions _ NP: ARG(CY) = ~ ARe(Clly= -1 ]
» Expected to be unity except for differentYukawa couplings and kinematic effects 1.0 r — -
&t ]

> Any deviation from unity - clear sign of NP I :

08 L charmonium 7

» Effective Hamiltonian | f = TESONAICES | ——

Local operator I

4G * SM ANP </ I 1
}[eff ~ _TZFthVts Zl( CPm+A;)O0; 0'6__ flavio ]

R_~ NP contribution S T S TS —

q* [GeV?/c?]

Wilson coefficient operator
[LHC seminar talk]
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https://indico.cern.ch/event/1187945/

LFU tests with b = sl¥1~ decays

» Very different reconstruction at LHCb for electrons and muons
» Electrons
= Energy loss due to Bremsstrahlung photon emission
= High occupancy in ECAL
» Recovery procedure to improve energy resolution
= look for photon cluster in the ECAL compatible with e direction before
the magnet
» Higher background contamination and sensitivity to background modelling

» Measurement of double ratio to reduce experimental systematics

BB - KWptu) B(B —» KMe'e™)
K9 " BB - KOJ/putp-)) BB » KO /p(ete))

= Simultaneous fit to resonant and non-resonant channels

R

B(B~KJ/Yp(utuT)) _ -
BEK] jp(eey) = 1 [arXiv:1307.1189]

= Cross-check with Ty =

giulia.frau@cern.ch LFU and cLFV searches at LHCb
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https://arxiv.org/abs/1307.1189

RK d nd RK* [arXiv:2212.09152, submitted to PRL; arXiv:2212.09153, submitted to PRD] E@ LHCQ

> Simultaneous measurement of Rg and R+ with Run 1 + Run 2 data in two g* regions

= low-q* € [0.1,1.1] GeV?/c* eS| __— e b — cCs
= central-g% € [1.1,6.0] GeV?/c* / cATTIonIn

» K* reconstructed via its K¥m~ decay ﬂ $(25)

» Background suppression

= In both modes, multivariate classifiers trained to suppress

combinatorial bkg

= In electron mode, second multivariate classifier trained against

partially reconstructed bkg based on vertex and track quality
information
= Vetoes for specific decays

= Lepton and hadron PID selection to reduce mis-ID bkg

» Residual background from mis-ID modelled with data-driven approach

giulia.frau@cern.ch LFU and cLFV searches at LHCb 9


http://arxiv.org/abs/2212.09152
https://arxiv.org/pdf/2212.09153.pdf

RK an d RK* [arXiv:2212.09152, submitted to PRL; arXiv:2212.09153, submitted to PRD] E%

= Very clean
puon mode = BF compatible with published results [JHEP 06 (2014) 133, JHEP 11 (2016) 047]
low-q2 central-g? ]/ control region
& - - 1 T T T 1 T T T ] AL R L A L U BE-v _Xlosl"'l"'l"l'{l"'ll'
Q ow-02 ) i } ) J /-
=400 - LHCb P L LHCD Frpenba 4 gt LHCD g deoniel
g 9 b —== Total 1 2 i 4 9 b —== Total ] S T 9 fb ——= Total
E === Signal E I [\ === Signal ] E :l‘ ""(S:ignzi)l i
ombinatorial i Combinatorial ] ombinatori
Rk Z T Combinaioriel | < 1000 ] pinstoriel 4 R M Partially Recoed -
=200+ ) 4 = i 1 L£1F B KT
by - ] \ 1 > 500k 1 >0 | 4 L AT
g I I= I s | -+ ]
= = L = |
S () BT S et taaatat bt et e senssnasabnn 3 o EE " Sob‘/\-A . amiadmimianaloa
5200 5400 5600 5800 5200 5400 5600 5800 5200 5400 5600 5800 6000
m(K ) [MeV/c m(K ) [MeV/c m(K* it ) [MeV/c?
XlOSI L I L N I
NQ 400 | LHCb I R low-¢* | RS I | LHICb I Ry central—q"’I 1 LHCbH Ry- J/-control ]
I ST L A= S B PN £ St v~ S 1 SO T &
K* O ombinatorl B O 400 | ombinatorial | C\] i P;);Illallrlla g;lca(,)ed h
=200 | 1 2 ] 84 i \ == t—)p};('_.]/'(/) 1
~ \200 1 ~_t \ By
2 2 j k g 2 _— 4 B KT ]
cg) L 4 !.!‘ Cg) 1 Cg) ) Il K — 7 swap
0 5200 5400 5600 5800 050t 5200 5400 5600 5800 0 5200 5400 5600 5800 6000
m(K* '~ ptu”) [MeV/cJY m(Ktn~ptp~) [MeV/c m(Ktn~ptu™) [MeV/c?]
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https://arxiv.org/abs/1403.8044
https://arxiv.org/abs/1606.04731
http://arxiv.org/abs/2212.09152
https://arxiv.org/pdf/2212.09153.pdf

RK an d RK* [arXiv:2212.09152, submitted to PRL; arXiv:2212.09153, submitted to PRD] E%

de ! = Bremes. tail from J /Y entering rare mode constrained in simultaneous fit
‘ glectron mo = Partially reconstructed bkg from K*%e* e~ constrained in KTete™
low-q2 central-g? ]/ control region
b}
o e e T TS K A T
L L Ry low- _ R tral- L K -control |
% 6ol 3 I;-Ibq? 1"* + Data o - % SI; I%Ibq? + Data. o 1 %1 0 + Plgatal 4
- ——— Total - i ——— Total - L —=—= Tota ]
=t ---.sf;tnal ] =200 7,*‘ --—'Si([)g,tj:al = ----Signal
R S Combinatorial . =4 H Combinatorial S Combinatorial |
K ~ 40 - 1| Misidentification - ~ } % I Misidentification N [0 Partially Recoed |
) L 'l MM Partially Recoed E >» I Partially Recoed RO B 5K —
r " + ! +o=n) T 100 05 s /¥
\20- \‘ BBt - K'yf(—»efey) ]~ ~ L B Bt - 7t J /Y
Z | ] Z & r
2 t ] £ o
3 3 > 3
O 0 ro—— e O 0 et S I S i ===y 5 O 0.0 e
5000 5500 6000 5000 5500 6000 5000 5500 6000
m(K*ete™) [MeV/c?] m(K"ete™) [MeV/c? m(K*ete™) [MeV/c?]
g]—\ T T T I T T T T | T T T T 2| &'\ ! ! ! I ! ! ' ! I ' ! ' ' ) | o g]\ X 1'04 T T I T T T T T T T T T I T
Q R+ low- 9 Rk- central- - CAL Ry J/-control |
; gl%lbqlf + Dgtaow ! 1 ;100 SI)JI%IbQ? -+ Dat;( et ] §4 g?bQ? KDat/a ™
v 60 { ——~ Total 1 03 i ——— Total S — =~ Total
= \ === Signal = === Signal = ===+ Signal
R K* 8 L. Combinatorial 8 3 Combinatorial 8 Combinatorial
~ 40 ) [ Misidentification — ~ " W Misidentification ] ~ - Partially Recoed
S I Partially Recoed 1 « 50 ! %-Paﬂ.ially Recoed 4 &M2r ; A pK-J)Y T
— | ]l — 'H'r/,’ \ W B KT fp(eten) 1~ f A\ [ P VR
2200 I 1 £ ZA 1 € ¢ e B KT
CC::>> + ] é o= “ | é . ;/:74\ I K — 7 swap i
—————— 1 N n r 0 —_———T 1 1 1 = =" n ! . o doadeoa
0 5000 5500 6000 5000 5500 6000 0 5000 5500 6000
m(K*r~ete™) [MeV/c?] m(Ktr~ete™) [MeV/c? m(K*n"ete”) [MeV/c?
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http://arxiv.org/abs/2212.09152
https://arxiv.org/pdf/2212.09153.pdf

RK d nd RK* [arXiv:2212.09152, submitted to PRL; arXiv:2212.09153, submitted to PRD] E@ LHCQ

I ([, 2 10.004 )
. : u low-¢© = 0.9947
> Most precise LFU test with b — sl™1™ decays 1.4 LHCDb b low-g 0-994%0.057
 9fpt Ry central-g> = 0.9497%:948
> First measurement of Ry in low g° (€ [0.1,1.1] GeV?/c*) Lol Ri-  low-g? = 0.927700%
. _ e il . g2 — 1.027+0.077
» Results in agreement with SM predictions within 0.2¢ \ i contral-g” = 1.027"5.073 /
» Dominated by statistical uncertainties E“ 1.0+ _17
= t
» Leading systematic from mis-ID backgrounds I
0.8
[ t gﬁta Y2=16,p=0812 0 =02
0.6F

Rk low-¢> Ry central-g> Ry~ low-¢> Ry- central-g

> Shift to higher values in Ry central-g? wrt [Nat. Phys. 18, 277-282 (2022)]

= +0.064 due to contamination at looser working point

= +40.038 due to not inclusion of background in mass fit
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http://arxiv.org/abs/2212.09152
https://arxiv.org/pdf/2212.09153.pdf
https://www.nature.com/articles/s41567-021-01478-8
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LFU tests with b = cl¥v; decays

SM pt /Tt
» FCCC semileptonic tree level processes mediated by aW boson in the SM
» Measurement of the ratio R(X,) = BWp=XeT Vo) b w+ NV
B(Xb—>XCl Vl) B
» with X, = B, B{,), B, Ay, ...and X, = D,D*, D, A, ]/ c
D*
» Sensitive to NP couplings of third lepton generation (LQ, charged Higgs, W')
» Advantages
= reduction of theoretical and systematic uncertainties NP contributions
» Challenges
" missing neutrinos: T reconstructed via its muonic ™ = u~ v, v, or
hadronict™ » - ntm~ (°)v, decay b
B

= Several background sources

= Relative contributions extracted by means of template fits from control

sample or simulations

giulia.frau@cern.ch LFU and cLFV searches at LHCb 14



Simultaneous measurement of R(D*) and R(DY) [arXiv:2302.02886, submitted to PRL] ;@%

> Longstanding ~ 3¢ deviation from SM in R(D*) and R(D?) [Eur.Phys.).C 77 (2017) 12, 895] BO D*t 1o,

> Before: measurement of R(D*) with Run1 D**u~ data [PRL 115, 111803]

» 2.1o deviation from SM expectation / -> [First measurement at]

. _ a hadron collider
> Now: first joint measurement of R(D*) and R(D?) using Run 1 data

B(B->DW1~¥,)
3(§—>D(*)u_1_/u)

R(DM) = witht~ - u~ v,v,and D* - D°(» nK)®
u

> Selected using D°u~ sample ~ 5 times bigger than D** ™~ sample
g P g9

» Higher branching fractions and higher efficiency

» Simultaneous analysis of the two samples
» constrain common parameters of the fit models applied to data

» reduce correlation [LHC seminar talk]

» Background sources: partially reconstructed B decays, combinatorics, mis-ID of charged

tracks

giulia.frau@cern.ch LFU and cLFV searches at LHCb 15


https://arxiv.org/abs/2302.02886
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201612.07233
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://indico.cern.ch/event/1187939/

Simultaneous measurement of R(D*) and R(DY) [arXiv:2302.02886, submitted to PRL] ;@%

» 3D template fit 30[510° €19 35, 12.6] GeV?/c* LHCh|  30[10° ¢%€19 35, 12.6] GeV7/c* LHCb
— Data 3 fo) 205 Dy 20: D'w
2 2 B 3-D v Lt ~YE
* 2 —_ _ _ 2 _ s L > C
¢ E/u Myiss = (pB pD(*) pu) 47 = (pB pD(*)) B B—»Dzv > 10F < 10F
B—-D"'DX © o
> Results -lé"’i u o 20 B 0 4%219.35, 12.6] GeVY/eh LHCh 3 0 E < 10° ¢°€[9.35, 12.6] GeV¥/c* LHCb
omb. + mis § 3 st D*+y‘ 'g 3 :_ ih D*+,u‘
« R(D*) =0.281 +0.018 + 0.024 B 5—Duv S, =N
I 3D uv g 5 25
" O 1 1f
« R(D°) =0.441 + 0.060 + 0.066 Bl 5D v :
=0 10 0 1000 2000
e correlation p = —0.43 Ml (GeV7/ch) E; (MeV)
. 1 9 t 'th SIVI t t. ;e-\ 0-4 -I T T I T T T T I T T T T I L] L] T L] I T L] T L] I T L] T L] I T T T T I T T T T I T l_
.J0 agreemen Wi eXpeC ation e B HFLAV AX2=1.0 contours -
. . R~ T Preimeozz | .
» New preliminary average 035 — . Wﬂ& -
i : . - LHCb18 -~ .
* slightly lower R(D*) and slightly higher R(D?) : : / =
03 ‘ —
. B LHCb22 -
* Reduced correlation i \ 1
. . I g Belle19 7
« 3.30 = 3.50 deviation from the SM observed in the 0251 s J
H H * 0 : Bellel7 PRD 94 (2016) 094008 or verage :
combination of R(D*) and R(D") 021 fumay sotpoin ORI Word Average B
B R(D) = 0.298 =+ 0.004 PLB 795 (2015) 386 R(D*)=0.291£0.014,,, .
F s o b0 :
B L L L I L L 1 L I L 1 L 'l I PFDIIOSI (2(222' 03;‘50;‘ L L I L L L I(XI) : 3I7q:) L I L L L L I L L 7]
02 025 03 035 04 045 05 055

R(D)
[LHC seminar talk]
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https://arxiv.org/abs/2302.02886
https://indico.cern.ch/event/1187939/

R(D*) with hadronic T channels NEW [arXiv:2305.01463, submitted to PRD] ;%

= K+ _ 1
> Measurement of R(D*) witht™ - m~ntm~ (n%)v, on Run 2 data (2 fb™?1) B T |B*=D'rv,|
» Lower statistics wrt muonic decay but more control over background B A

DO
> B® - D*"mTm m* as normalisation channel D@ Ve
B° T
B(B® - D*"1t+v,) v Az>doy =3
K(D*) = P p ot
(™) B(BY » D*mtn—m™) &

External inputs

‘3 8000 | & 10000
R(D*) = K() 2~ DI </ % < |
= O >
B(B® » D*~utv,) g g |
%4000: g 5000
8 S
> 3D template fit: g2 = (pgo — pp+)?, T+ decay time, Tvs. D BDT output £ 2o j
8 L
0 —— 0
> ReSUItS ’ i q? [Ge\}g/c“] s ’ :rfti—D;’ BD'I?gutput
=\ +0.11 B L LH(ISb
K(D*™) =1.70 £ 0.10(stat) Ty15(syst) oo Lao ] owa -
. g I ] E g—;D”[:;(Vf) E ﬁ:ﬁ%gk)
R(D*™) = 0.247 + 0.015(stat) + 0.015(syst) + 0.012(ext) £ T = -0 D)
£ 5000 - ] Comb. D*
5 0o ‘ _
» Limited by the size of the simulation sample used to extract PDF : — i
0
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https://arxiv.org/abs/2305.01463

R(D*) with hadronic T channels NEW [arXiv:2305.01463, submitted to PRD] ;%

0-4 LI ) I LI I B ) I LI B ) I LI B ) I LI B ) I LI I B ) I LI I LI I LI |

m Ax* = 1.0 contours
Prelim. 2023

» Combined results with Run 1 data

2
R(D*)comp = 0.257 + 0.012(stat) + 0.014(syst) + 0.012(ext) 4

» Inagreement with the SM within 16 (R(D*)gy = 0.254 + 0.005 [HFLAV]) -

» One of the most precise measurements of R(D*)

IIIIIIII
&

03

LHCb23 "\
BaBar 2012, had. tag i : ;
0.332 +0.024 = 0.018 f 0 _—
Belle 2015, had. tag :
0.293 +0.038 = 0.015 ' T 025
Belle 2017, (he 1drom(. tau) 0
0.270 +0.035 = 0.027 : :
LHCb 2023, (h adronic tau) 0 ;
0257 0012 +0018 il | NEW!

Belle 2019, sl.ta% :
0283 = 0.018 = 0.014 | ——— 0.2

LHCb 2 : :
0.281 = 0018 0.024 R

i ~~Belle19

[ ]

Bellel7 PRD 94 (2016) 094008
PRD 95 (2017) 115008 World Average
'*'HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D)=0.356 =0.029,_
_ PLB 795 (2019) 386 R(D*)=0.284 = 0013
R(Dl-_().298 0004 PRL 123 (2019) 091801 p=-0.37 s
R(D*) =0.254 £ 0.005 EPJC 80 (2020) 2, 74

PRD 105 (2022)034503
I | [N Bhded [0 | gy

Average ' :
0.284 £0.013 i

SM Average
0.254 = 0.005

PRD 95 (2017) 115008
0257 =0

JHEP 1712 (2017) 060
0.257 £ 0.005

PLB 795 (2019) 386
0.254 =0

PRL 123 (2019) 9,091801
0.253 +0.005

EPIC 80 (2020) 2,74
0.247 = 0.006

PIC 82(2022) 12,11 —— HFLAV > 3.20 deviation from SM expectation for the combination R(D*)- R(D)

L
T | e > Recent results: R(J /1Y) [Phys. Rev. Lett. 120, 121801], R(A,) [PRL 128, 101803]..

02 03
[LHC seminar talk]

P(x2) =25%

02 025 03 035 04 045 05 055
R(D)

Theory

precictons » New preliminary world average

R(D*) = 0.284 + 0.013 R(D) = 0.356 £+ 0.029

e e

R(D*) » Other ongoing measurements of R(D;), R(D)
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https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/html/RDsDsstar/RDRDs.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://indico.cern.ch/event/1231797/
https://arxiv.org/abs/2305.01463
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B° - K*%uTet and B —» ¢pute™ [JHEP 06 (2023) 073] @%%

~ 10°g
> NP predictions can reach 1077 [Phys. Rev. D 92, 054013] L F LHCb
% 105%_ I Data 21b
= Different NP effectson b - su*e”and b —» su~e* E ol 41 B—J/y(—ptpr)K™
- 2 --- Combinatorial bkg
. . . _ _ ~ B oo 0_, —s iyt -\ *0
= Separate BF limit evaluationfor B® - K*%u*e~and B® - K*%u=et* g wfF [/ \ ., i%_,ﬁl/ﬁ((_f;’;));
. < =
also provided 2 e o B—J (K oy
8 it Mo BIIy(—u)g
Search on Run 1 + Run 2 data © 10 £ B |
K*°(892) and ¢(1020) reconstructed via K*®* > K*r~ and ¢ » K*K ek P O S B
5200 5300 3400 5500 5600 5700 5800 5900
_ _ JIyK*m) [MeV/c?
O 5 J/p(utu)K*® and B? - J/y(u* u™)¢ used as control and milyK ) [MeVic]
normalisation channels o LHCD
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=R B"—=J /(= iK™
= BDT trained against combinatorial background 5 Okts
> Modelling of the remaining background contamination ol & . .
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» Precise description of B = Dlv; decays needed m(JIpK*K~) [MeV/e?]
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https://link.springer.com/article/10.1007/JHEP06(2023)073
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054013

B® - K*%ute* and B — ¢putet

» No significant signal is observed

» Improved upper limits at 90%(95%) CL
B(B° - K*%ute™) < 5.7(6.9)x107°
B(B° - K*%u~e*) < 6.8(7.9)x107°

B(B® - K*%u*e™) < 10.1(11.7)x107°

wrt Belle’s result (O(10~7)) [PRD g8, 071101(R) (2018)]

» World’s first limit at 90%(95%) CL

B(B? > ¢pute™) < 16.0(19.8)x107°

» Limits on BFs assuming uniform phase-space decay model
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Candidates / ( 25 MeV/c?)
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[JHEP 06 (2023) 073] F%

Candidates / (25 MeV/c?)

Candidates / ( 25 MeV/c?)

» (Re-)intepretation in terms of scalar and left-handed LF violating NP models also provided
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.071101
https://link.springer.com/article/10.1007/JHEP06(2023)073

BO — K*OTiM-l_ [ arXiv:2209.09846, submitted to JHEP] F%

> First search for the B® » K*%t*u* decay on Run 1 + Run 2 data

» Analysis strategy

_ _ £~2000 F T
= K*OreconstructedviaK*® - K*r 2 1200 E LHCb =
% : 6fb ' (Run2) 3
o e o L 1600 F (Rn2)
= treconstructedviat”™ > (m°)v, = 1400 E
. _ _ T1200 * Data =
= Independent analysison BY - K*9t*tu~and B® - K*9t~u* = ook . ]
5 1000 - — Fit E
> Affected by different backgrounds 5 S00F B —>DD;
g 600 E_ """" Background _E
> Different theoretical interpretation S 400E E
200 =]
0 (Kt DY (KT K-+ feat N :
= B"-> D (K"t )Dg (K"K m") as normalisation channel Yoo = i
. - : : : : : m, . [MeV/c?
= Multivariate classifiers trained againts combinatorial and mis-ID oo | ]

background + PID cuts
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https://arxiv.org/pdf/2209.09846.pdf

BO — K*OTi,Ll-l_ [ arXiv:2209.09846, submitted to JHEP] F%

. _ 2 2 = —————
» Fittomeyry = \/pJ_ + Mgy TPL L Br | | LHClI) E
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< b e ) = B ~K" i u A
PIK*u] g B K e
gy 3 4k .
4 gt gt :
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8 E — Fit ]
. e . . ~ 25 4 N .. T ”+_-
» No significant signal is observed > 20 T Al e S
. . - s 15 7 A4 N T =
» Most stringent limits on b — st transitions set at 90%(95%) CL 2 of E
= 3 =
< = ]
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https://arxiv.org/pdf/2209.09846.pdf

Thet™ > u"u u™* decay

—
I
Iy
I
-+

» Current best experimental limit from Belle [arXiv:1001.3221]

= 2.1x1078at90% CL

10—] E_ J___,_L_J—ﬁlf?

1
ePr)

» LHCb analysis on Run 1 data [JHEP02(2015)121]

______

= Df - ¢p(utu)m* used as a normalisation channel

S

_ — - Simulated 7 g ptu L0 : -
- —— Calibrated 7~—pu - pu*u-

[ ---- Data sidebands

I 1 1 l 1 1 1 l 1 1

= Combinatorial and mis-ID background (D(J;) - 31, Dt - K~ntn™t) GiE Rl L T S
M,y TESPONSE

= Challenges: identify and reject background sources

Fraction of candidates per bin

= Background suppression achieved by means of multivariate classifiers
= Upper limit: 4.6(5.6)x1078 at 90%(95%) CL

» 0Ongoing analysis with Run 2 data (coming out soon!)

» Extrapolated limit from Run 1 to Run 1 + Run 2 (higher luminosity and cross
section)

= 2.5(3.1)x1078 at 90%(95%) CL

2 4 6 8 10

» Development of a more efficient selection r
B(t"—pppr) [X 107]
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https://arxiv.org/abs/1001.3221
https://link.springer.com/article/10.1007/JHEP02(2015)121

A lot more...

» LFU tests: many analyses and updates are ongoing
» b — sll decays: Ry, Ry, Ryk, Rxnn

» b — clv; decays: Rp_, Rp+, Rp+ with p/e, Rp«

> Previous cLFV searches

> Bt - KTute™ [arXiv:1909.01010]

> BT - K*u 1t using B.) decays [JHEP06(2020)129]

> BQy — Tyt [PRL123, 211801 (2019)]

» Charm sector: D(J;) - hJ—rlil'$ [JHEP06(2021)044]

» 0ngoing cLFV searches with Run 1 and Run 2 data

> BY - ¢ uttt, Bls) = etu®, A, - Aetut, Ay - pKtTu® ...
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https://arxiv.org/abs/1909.01010
https://link.springer.com/article/10.1007/JHEP06(2020)129
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.211801
https://link.springer.com/article/10.1007/JHEP06(2021)044

Summary and conclusions

» LHCb has a very rich program in LFU tests and cLFV searches in b- and c-hadron decays
» powerful way to search for NP

» No cLFV observed so far = More stringent limits on the BFs to constrain BSM theories

» Many other analyses with the whole Run 1 + Run 2 dataset in the pipeline

» Run 3 has started! Little shift due to
the pandemic

upgraded detector and trigger system will enhance signal acceptance

= 5 times larger instantaneous luminosity than in Run 2 (50 fb~1)
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LHC timeline

~1 visible ~5 visible ~50 visible
interaction interaction interaction

LHCh— LHCb Upgrade |— o————LHCb Upgrade Il —
Runt -Run2 —m TN )
LS3
L= 100" mjectofngra ol £=2xt08——  HULHCS o ~50f" L§4 L= 12X 10%— LS5 —»Liy~ 300"
Phase 2 upgrades

202 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2( 31

LHCb Upgrade |
Installation starts

22 20 20 208 o] | ] 4

LHCb Upgrade I: incremental
improvements/prototype detectors
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BY - K*%u%et and B - ¢pu*e™ [JHEP 06 (2023) 073] @%
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