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Forbidden at tree level in the SM %{ " b . S
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Allowed only at loop level ¢ ¢~
- New Physics (NP) contributions may enter in loops , .
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» Flavour Changing Neutral Currents (FCNC) , o atime o Mr;,% o
- Forbidden at tree level in the SM Z'ﬁ{ . x b * ;
- Allowed only at loop level ¢~
- New Physics (NP) contributions may enter in loops ,
Look for deviations
from SM predictions L e
» Exstensive programme at LHCbH | R + ——
- Search for (very) rare or forbidden modes I,
- Branching Fractions (B) measurements o LB wersemene
- Amplitude and angular analyses Cwf T e
- CP violation el Bt : ¥ o |
- Null tests in the SM i R
https://Ibfence.cern.ch/alcm/public/analysis Sw gL
HS0 1200 1350 1300 V/ 01243 AN

My rw
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@ Today’s talk — New results
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» Amplitude measurements in B decays
"Amplitude analysis of the radiative decay BS — K*K~y"
[JHEP 08 (2024) 093]
"Comprehensive analysis of local and non local amplitudes in the B® - K*°u*u~ decay”
[JHEP 09 (2024) 026]

» Null tests in B decays: LFU and LFV
LFU - "Test of lepton flavour universality with B; — qb(_) K+ K—){’Jrf ~ decays"
[arXiv:2410.13748]
"Test of lepton flavour universality with BT - K n n~= ¢4~ decays"
[LHCb-PAPER-2024-046] — Paper in preparation

LFV — "Search for the lepton-flavor violating decay BY — ¢pu*t
[arXiv:2405.13103]

Fn

» Rare charm and strange decays
"Search for the rare decay of charmed baryon A} into the pu™ u~ final state"
[PRD 110 (2024) 5, 052007]
"Observation of the 2 — pu*u~ rare decay at LHCb"
[LHCb-CONF-2024-002]
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https://link.springer.com/article/10.1007/JHEP08(2024)093
https://link.springer.com/article/10.1007/JHEP09(2024)026
https://arxiv.org/abs/2410.13748
https://arxiv.org/abs/2405.13103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052007
https://cds.cern.ch/record/2899907/
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Amplitude measurements in B
decays
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» Effective Field Theory (EFT)
Short distance physics parametrised via effective couplings

Integrate Out Wilson Coefficients C;
W — @ C - Perturbative, short distance physics
b S b—> % s - Describes heavy SM+NP effects
e T

e e Operators O;
Non-perturbative, long distance physics
Strong interactions, difficult to calculate

How  ——  Hep = —5Vep Vi Xi(G + O,
+ chiral flipped
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» Effective Field Theory (EFT)
Short distance physics parametrised via effective couplings

Integrate Out Wilson Coefficients C;
W — @ C - Perturbative, short distance physics
b S b—> % s - Describes heavy SM+NP effects
e T

e e Operators O;

. _ G £ (~SM . ~NPy Ay Non-perturbative, long distance physics
Hsu Her = V2 VFb Vis :f (G + GO Strong interactions, difficult to calculate
+ chiral flipped

RD mostly sensitive to € (’), Cg(') and C1(£))

Operator O, Bgay = Ve@y 1= Bgy = 117 Bsa) = V)Y
O; EM v v

Oy Vector dilepton v

O1p Axial-vector dilepton v v

Os.p (Pseudo-)Scalar dilepton (v) v
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x10° N
: — Data
» "Amplitude analysis of the radiative decay B - K*K~y" o — Full Model
1 [ — B> K'Ky
« +/s=7,813TeV,L=9.0fb sf- \ — Combinatora
= — B{—> K'K(n")y

B> K'K (nm)y

- [JHEP 08 (2024) 093]

» Nice features LHCb Run 2 (6 fb')

- Free of the S-wave amplitude
- Interferences of odd- and even-spin resonances cancel out

Candidates / ( 50 MeV/c?)

)

- Detector asymmetries cancelled out by folding over Oy 0 T R T
Cos HKK - |COS HKKl My, (MeV/c?)
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Candidates/( 20 MeV/c?)

DY - KTK~
MisID D°® - K~}
————T T -
LHCb (9 fb') .
10* g — Selected KK y candidates =
2 /) sWeighted B’—>K*K 'y §
’ —
4’ L/
10" &7 % 3
f// =
10: B2 ]
10 E / / %
1000 1500 2000
My, (MeV/e?)



https://link.springer.com/article/10.1007/JHEP08(2024)093
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DO - K*K~
%10° MisID D° — K_7IT: .
3 ¥ L * & *& L 7 & & & 1 = e 3
, . . o 0 e I - D 1% LHCb (9 fb) "
» "Amplitude analysis of the radiative decay B; - K™ K™y E e —ns . E 10t B —Selected KK 7 candidates -
- B g ek ] %7 T 0_coi: 3
° 'Jg == 7; 8; 13 Tev, L = 9-0 fb 1 % 8 :ggil)bll(nj:o:'l;z)y __ 8 é sWelehted Bx_)K K}’ :
. = E Bokkany 1 X 00 2 K,
[JHEP 08 (2024) 093] g of E g 10 ?/ % E
» Nice features = LHCbRun2(616%) 4§ % 7 ]
. < N 1 S 10E 7 p 3
- Free of the S-wave amplitude O {19 —
. 2 R ] 7 ’ :
- Interferences of odd- and even-spin resonances cancel out [ e 1 oF / / //
- Detector asymmetries cancelled out by folding over Oy 0 e T TR : : 0
My, (MeV/e?)

cos Ogx — |cos Okl

—+ Data LHCb (9 fb™)

— Full Model f¢((‘l(:§g))
0 + - . &
g: x; [ £:(1525)
(] ¢(1680)
A A P]g Y Nonresonant
---B'> D x° ¢ (1850)
. wa (2010)
-- Interference

» Amplitude fit

Ps(myk, Ogx) = e(mgg, Ok ) - ‘ZRCR » FRFgBWgr(mgg; g, Ir) - d{g (Ikk)
PDF Acceptance Isobar KK model

2

20 free parameters
Yields, isobar factors, phases

Candidates / ( 12.2 MeV/c?)

¢$(1020), f, (1525) - mass and width
¢(1020) - radius

My [MeV/c?]

14 November 2024 Status and prospects of rare decay searches at LHCb - G. Martelli 5



https://link.springer.com/article/10.1007/JHEP08(2024)093
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Results on BY - KtK™y
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» Fit fractions, relative B and overall tensor contribution reported for the preferred fit solution

State Fit fraction [%] | Relative fit fraction [%] | Phase [deg.]
Frer = 16.8 £ 0.5 (stat) = 0.7 (syst)%,
$(1020) | 70.3*0-9+10 100 0 (fixed) L} (st (5ysD
£ (1270) O.E%J_rO.B“:{g,-_?3 1.2’:%-":‘,: %-_35 -55* 'ﬁ,“jﬁ pyey —
£1(1525) | 12.1#06409 17.340:8 +1.3 0 (fixed) (By = BB _ ) 10420000 (o 120014 (sust) 40,005 (8)
. 0a-04 ~07-03 S B(BY — 9(1020)y) " -
¢ (1680) 3.87,5£0.7 5470 1377,+38 .
053(1850) (0.3+0-2+0.2 0.4%0-3+0.3 _61F16+13 B(BS[‘) = /2(1270)) = Ozst%%% (stat.)t%% (syst.) £0.03 (B),
~Y-0.1-0.1 T-0.2-0.2 ~-13-12 B(B) — ¢$(1020)y) ' ‘
+0.2 +0.3+0.3 30452
£(2010) 0.4+0.2% 0.6, 437,75 BB = 4(1680)9) ) s
2 1680 KTK™) =0.0267; tat.) £0.005 t.).
(kK | 05544 06343 165£9 \ @@ S a(m0yy) 200 7 EE = s B ERO0 (v

» Conclusions

- First amplitude analysis of the dikaon resonant structure in B — K *K "y decay
v mgg = 2400 MeV/c?
- First observation of the radiative BY — f, (1525)y decay

14 November 2024
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» Phase space described by 8, 8y, ¢, My, and g% = m?(utu~)

Js Less affected by

Angular observables = 5 2/ =J2c)2s theoretical uncertainties
dr'[B’ — K™ u*u~] 9 2 2
— — Y. J(g")f(cos O,,cos bk, p)g(mg,)
dq?dSdmy 32m =
q Kr Angular distributions
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» Phase space described by 0,, 0, ¢, my,; and g2 = m?(u*tu~) 2

aPé:

Js Less affected b
y

) Angular observables = 2./— Joc)2s theoretical uncertainties
dT'[B’ - K %u*u] 9

2 2
G, X, /4@*)f(cos O, cos O, P)g (mi,)

Angular distributions

» Long standing tensions with the SM

Model dependence
NL contributions modelled by polynomial expansion
C; extracted directly

Model-independence
Observables measured in bins of g2
and translated into C;

h-‘lf) T T T T I T T T T I T T T T I T T T T I T T T I_
1001 . R}
LHCb47 fb~' A SM (ASZB)
| § [PRD. 109 (2024) 052009] ] 0.75 M4 LHCb Run 1 + 2016
ok '.i.h",-._ Run1+2016 4 7 030 &1 HH  CMS Run 2 preliminary
I 1 % oss] [CMS-PAS-BPH-21-002]
I R 1 % [PRL. 125 (2020) 011802]
I E— ﬁ + 0.007
o 0‘5 -_I T T T I T T T T I T T T T I T T T T I T T T I__ g‘:’:
g - R = 050
1o 00 A % 075
<]—05:—....|....|....|....|....—: —1.001
0.0 25 5.0 75 100 125 25 50 75 100 125 150 175
2 112
q2 [G3V2/64] q° [GeV?]
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[EPJC 83, 648 (2023)]

By — pp+ B — XL Fit
By — opp Fit

B — K/l Fit

B — K*ll Fit

Ry & Q5 Fit

b — spp Fit

Global Fit

Not including CMS Run 2 result

ABCDMN*23

-3 =2

NP
C.‘)/z

=1 0 1

2



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009
https://link.springer.com/article/10.1140/epjc/s10052-023-11824-0
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[EPJC 83, 648 (2023)]

» Phase space described by 8, 8y, ¢, My, and g% = m?(utu~) 2
' P5’ — ]—5 Less affected by o )
Angular observables = 2,/ _]ZCJZS theoretical uncertainties |

0 *0, 4+, —
S = 2 J(qP)(cos 0y, cos O, p)g (mi)
Ja2dO dm? T 3D dj i\q fiCOS ¢» COS K9¢ Ei\lMg,
q Mgz Angular distributions B+ B XU
s — opp Fi
B — Kl Fit
» Long standing tensions with the SM S T
b— spp Fi
Model dependence Model-independence (l]ubaf l/“n I
NL contributions modelled by polynomial expansion Observables measured in bins of g2
C; extracted directly and translated into C;
wy T T T T I T T T T I T T T T I T T T T I T T T T ] | \}; ‘] . |\ J ;
B LHCb 4.7 fb-! i 100 SM (ASZB) Not including CMS Run 2 result ' .( 8
[ [PRD. 109 (2024) 052009] 0751 R LHCb Run 1 + 2016 -3 -2 =1 0 1 2 3
ok Run1+2016 4 — 030 &4 H4  CMS Run 2 preliminary C.f')/z
I NNy ] fi 0.25 1 :E" [CMS-PAS-BPH-21-002]
Eoe - | [PRL. 125 (2020) 011802]
ﬁ t 0.007
o5 E R N N RE RS I I Intepretation of the anomal
. 05F 1
& r - 1 = -03504
% . 0.0 W b % o] H’{i. He NL contribution from c¢ resonances impact the rare mode regions
< _oskE, , , , , JE IR NP or underestimated SM QCD?

Amplitude analysis to separate local and non-local contributions
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009
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» "Comprehensive analysis of local and non local amplitudes in the By » K*°u*u~ decay"
- /s=7,813TeV,L=84fb?!
- [JHEP 09 (2024) 026]

» Non-local effects described as corrections to Cq

CG@H=Cy + Y@ + YD) + YEAGD) + Y

- effA .2
G = C; + (e
Kn-O K:uD K,.O
0 0 —
b ° Determined B° - B L u- B o
€ theoretically 4 M a o a
Ve a2
v at negative ¢q it it ut
0 0+ —
C; vertex correction  Constant term  1-particle contributions 2-particle contributions B” > K%z
o (770) (782) DD contribution
Polarisation dependent Negligible impact P - @ ’ D*D
shift to C, from light quarks —— $(1020), J/y. DD Sensitive to Cj
[JHEP 04 (2020) 012]  4(28), w(3770), [EPJC 80 (2020) 12, 1095]

w(4040), w(4160)
High model dep.
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I'(b = s€%)

Full g% spectrum parametrised
- Wilson coefficients

- Form factors

- Non-local contributions

Jy

>

w(2S)

<

0 Diagram from E. Smith

g* =m* ()



https://link.springer.com/article/10.1007/JHEP09(2024)026
https://link.springer.com/article/10.1007/JHEP04(2020)012
https://arxiv.org/abs/2001.04470

@ Amplitude fitto B® - K*%u*u~
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» Unbinned maximum likelihood fit to the four-dimensional distribution
cos 8y, cos By, ¢ and g*

Differential Combinatorial background

Signal fractions decay rate ?‘ptance Resolution /

/ A

@4 = fig (P @. ) x @) @ RI(G) ) + (1~ £,) P @ 4

/150 parameters determined in fit

Simulation

 Acceptance 2 R(Cy), R(Cyp), R(Cy), R(Clyy), R(C)

Data
* Resolution
* Background model

2 Mag. & phase of 1P contributions

2 Real & Imag. of DD per helicity

Theory B AC; per helicity
per helici
 Local B® - K*9 form factors ’

* (Gaussian constrained 2 Form Factors
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LHCb 8.4fb~!

1 sy High model dep.

» Wilson coefficients
- Global significance of 1. 50 o
. Largest local deviation in Cy at 2. 16 ; ; : : Non-local cgntrll?utlons larged than expected
- First direct measurement of (o, e e e Cy still shifted down from C5™

Co 3.56 +0.28 £ 0.18 N More data needed

Cio —4.0240.18+0.16 L
Cy  —0.09 £ 0.21 + 0.06 @ still persist in ob@
Co, (—1.0+£2.6+1.0) x 10
» New limit on B at 90% CL R 15 LHCb g.4fp—1 B Total 20] = Total
SM from GRvDV | = .| om GRv
Assuming value of C; 51'5: M o G FV
B(B® - K*0u*pu~)~[0.8 — 2.5] x 1073 ! =
[Phys. Rev. D108 (2023) L011102] B e meraar e v A N S A S R PRV

Ca 0.28 + 0.41 + 0.12
From measurement of Co, Total, SM WCs | Total SM Wik |
H LHCbH 8.4fbh~! i l
Best 90% limit from direct measurements by Belle sl \ f 7 | & |
B(B® - K*utu=)~3.1x 1073 \ J
q* [GeV2/c] ¢ [GeV2/ct]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102
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Null tests in B decays
LFU and LFV
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@ Lepton Flavour Universality

Istituto Nazionale di Fisica Nucleare
Sezione di Perugia

» b — s¢* £~ transitions happen only via loop or boxes Neutral Current
B~10"7—-107°
Used to test the Lepton Flavour Universality (LFU) in the SM

b J
Non-LFU physics mediators may contribute in the amplitudes \ Z /
WS NIV~

( J

New Physics

S

b J
N onnn
/dmfb\ﬂ
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» b — s¢* £~ transitions happen only via loop or boxes Neutral Current
B~10"7—-107°
Used to test the Lepton Flavour Universality (LFU) in the SM

- Non-LFU physics mediators may contribute in the amplitudes \ V4 /

wsS NI

» LFU test by measuring relative rates \
- Hadronic uncertainties cancels out ( ﬂ

Predicted with very high precision by the SM )
New Physics

g2 = m2(¢+47) CI72nax B(B - X‘Ll+,l,l_) d 5 b ’ ﬂ
2, dq? 4" sm \ 7 /
Ry = =1
X fCI%’Lax B(B — Xete™) dg? itm; <q* \ﬂ.ﬂf\.)
<

14 November 2024 Status and prospects of rare decay searches at LHCb - G. Martelli 12




(NN LFU at LHCb
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[PRD 108 (2023) 032002]

» LHCb donynates the precision of .LFU tests 4L LHCb R lowq® = 0904700
- Investigated different hadronic systems ’ | , s

* - Ry central-¢g°> = 0.949709%

X =K, K", pK .. : 91h 0.047

19 - Ry« low-¢> = 0.92710%

. 2 +0.077
» [ atest results R+ central-¢” = 1.027% 573

+ LFU test with Bs = ¢+ K-){”{" decays < I
. . ~ 10 B T J_
v First LFU test with a B decay A - I
v First LHHCh high-q? LFU test :
v First observation of B, — ¢e*e™ decay 0.8[
+ LFU testwith BY - K*n*n~ £~ decays : i gﬁta x*=16,p=0812, 0 =0.2
v" First inclusive LFU test with 5-body decays 0.6[

v First observation of BT - Ktn n~ ete™

Ri low-¢> Ry central-¢> R+ low-¢> Ry central-¢?

14 November 2024 Status and prospects of rare decay searches at LHCb - G. Martelli 13



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032002

@ Experimental strategy
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» Ry measured as double ratios
- Mitigate e/u reconstruction differences B — Xy(2S)( — £+7)

B = Xt LJ
Yields Efficiencies
Unbinned maximum-likelihood fits Simulation corrected for
to the B invariant mass data/MC differences [4m(0)?] —

» Resonant channels used for checks/data driven studies

T = = 1 — Sensitive to e, u differences

R __ B(B-Xy(2S)(—utu)) . _
Y(2s) — B(B-Xy(2S)(~ete™)) —

1 — Efficiency related systematics cancel in double ratio

14 November 2024 Status and prospects of rare decay searches at LHCb - G. Martelli
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\/

"Test of lepton flavour universality with By — ¢(_,K+ K-)€+€_ decays

"

Observation
B —>¢e e (6 80)

Observation
B - qbe e (5. 40)

— £ 2 ] O ]
o \/g — 7, 8, 13 TeV, L =9.0 fb 1 %25 01<q < L1GeV /et LHCbDf‘z;—be 1_: %125 11<q <50Ge\/2/c LHCngt; be 1_
. = — Model = —— Model
+ [arXiv:2410.13748] 5 R I = Sl
=20 Misidentified § = =D Yo |
. ‘Eg— =§:emill;fpt(tmi('3:] E \é‘ - Misifierltiﬁe_d E
» Analysis 3 | & = Conbinaroria |
. . g g 50 .
- Measurement performed in three g regions E &
25 g
v Low-q%-0.1 < q? < 1.1GeV?/c* O BN S e
2 2 2 /.4 4600 5400 5600 5800 6000 4800 5000 5200 5400 5600 5800 6000
v Central-g° - 1.1 < g° < 6.0 GeV~/c m(K+K-ete-) [MeV/c m(K*+K-ete”) MeV/c
: 2 2 2 /.4 .
- Narrow ¢ resonance and excellent m(K*K ™) resolution at L//Ch B, - ¢e* e” (3.60)
o T T L B
—n10o T T T T T ] T T —T7 T ] L - ]
3 0.12 T : ' : ' LHC;} Sinmlatio‘ﬂ 1 ;3__1. ) B J ! 'LHCb Lo B -t ] = I 15 <@ < 19GeV2/c 4 LSICtlb £mt 9fph1 ]
Fy |  mmB oK Kt ] O | Lo Ohe Mod ]
% 0.10 i | B" = K*(K*7)ee 1.2 :_ LOI _: 2 -——- Signal .
= | | ) e =B /Y
E = i i LHCb Eim = 2-21‘1)71 ] 1.0 ;%:r&---; ----------------------------------- - ‘:20 — -Bg = 25 ¢
(:5’ 0.08 i i - Data (same sign) 1 [ + % i MlSldentEﬁeci
i i .y r]/ll) = (0.997 + 0.013 £ 10 -Combma,tonal
| : ] - ] !
; ; ] % Ry(2s) = 1.010 £ 0.026
1 o04f R 0 i
E E ] r ] 5000 5250 5500 5750 6000 6250 6500
| | | 0.2} . m(K"K e*e”) [MeV/c
; ] ] 0.0 : M EEEPSR R ]
1000 1020 1040 1060 1080 1100 0.0 0.2 0.4 0.6 0.8
m(KK™) [MeV /¢ Oy, (£767) [rad]
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https://arxiv.org/abs/2410.13748
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Results on R¢
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» Measurements in agreement with SM predictions

¢ [GeV?/c!]

0.l<q® < 1.1
1.1<¢*<6.0
15.0 < ¢> < 19.0 0.85

- Dominated by statistical uncertainty
- Main systematics - Signal and background modelling shapes

14 November 2024

Q
=y

]
+0.05 5L
+0.05 I
+ 0.10 !
2r
L
O-|

LHCb Ly = 9fb~!

low-¢?
central-¢>
high-¢?
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@ Results on R¢
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» Measurements in agreement with SM predictions

x1078
qz[GeV2/c4] R;l -I' II_lII+IBS_>¢I’u+NI
0.28 15 L LHCb L:int =91fb + B? s ¢€+6_ i
0.1<¢’° <11 157755 +0.05 e SM (LCSR+Lattice) |]
1.1<¢?<6.0 09117 +0.05 SM (LCSR)
2 +0.24 i SM (Lattice)

- . : [ 1.0 I b(2S
- Dominated by statistical uncertainty ks / (25)

- Main systematics - Signal and background modelling shapes

dB(B? — ¢tT47)/dg* [GeV 3¢l

|

» B(B; - ¢pe*e™) agrees with measured B(B; —» ¢pu*u™)

N
¢ [GeVYcY]  dB(B°— gete)/dq? [10-7 GeV 2] 0.0 25 50 75 100 125 150 175
0.1< <11 1.38 1025 +0.0440.19 4 0.06

1.1<¢*<6.0 0.26 4+ 0.06 &+ 0.01 = 0.01 + 0.01
15.0<¢><19.0 0.394+0.11 £ 0.04 + 0.02 £ 0.02
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Observation
200 Bt > K*ntn~e*e™ (> 100)
. . . — — o L L L
» "Test of lepton flavour universality with Bt - Ktntn= €7 €~ decays" © e [117] Gev? /el |
_ _ -1 % LHCb 91b )
° \/E - 7, 8, 13 TeV, L — 9.0 fb = 150 | + Data .
- [LHCb-PAPER-2024-046] — paper 1n preparation =) Jr s -
@ i h—e misID
. £ 100 & cakage ]
» Analysis f; =;T*/‘f:’l‘?°l‘: g.
- Measurement performed in one g2 region E Combinatorisl 4
v Central-g% - 1.1 < g% < 7.0 GeV?/c* ; . N
o 1 1 et T e - ATy
Decay simulated with PS model 0 T ™ =0
m(Ktrtrm eTe ) [MeV/c?
kg | | | | | | 1 | |
S 16 A w(B = J/YK ) .
——w(B* —JpK )
14 b —+—wB"JYK ntn ) |
' 1y = 1.033 £0.017

LHCb [LHCb-PAPER-2024-046]
08 - Run2p2 TOS preliminary ]
0.6 | | ] | | ] | | |
i ¥ R D (O
éoc’o < Q\\’% @(\\h Ve &’5@“&
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Observation
Bt > K*ntn~e*e™ (> 100)
1 . . . + + + —_ + — 1" ?200 T T T T T T T T T T T T T
» "lest of lepton flavour universality with B™ - K n = €€~ decays i) £ elL1,7] Gev? /et |
— —_ -1 % LHCbH 9fb )
° \/E — 7, 8, 13 TeV, L — 9.0 fb = 150 | + Data .
- [LHCb-PAPER-2024-046] — paper 1n preparation =) Jr s -
0 i h—e misID
100 .
: < I J/+)-leakage
> AnaIYSIS g I Part-reco
- Measurement performed in one g2 region & soff Combinatorial
v Central-g% - 1.1 < g% < 7.0 GeV?/c* -
. . b L B L B L L B N N AL LELEL L B AL Do o= - 4]
° - - E 0 = —
Decay simulated with PS model ST ] ~000 00 s 0
. . .o - . Ktantm ete MeV /c?
» Measurement in agreement with SM predictions ab : 1. r— ! — ,) | : / ,]
i ] 516k iw(BMJ/wK*) -
+0. 18( 40.12 12k 1 w(B*=J/K ")
= 1,11 stat) (syst) 2T —+—1 L - w(B* K ntn) |
ij —0.17 —0.09 N N I 17 = 1.033 £ 0.017
Lo # T 1 LL Ry(2s) = 1.040 £ 0.030 |
: +=T |-I-| Ry PRD 108 (2023) 032002] :
0.8 - ) [ ) i RK [PRD 108 (2023) 032002] —
. . B N | Rpcrr  [LHCh-PAPER-2024-046
Main systematics i + P 3 Ry s ]
. N - N LHCb [LHCb-PAPER-2024-046]
BaCkground mOdelllng oo : l '-P g}i [PRL 128 (2022) 191802] : 0.8 1 Run2p2 TOS preliminary )
Reweighting of the simulated phase-space oaf, oo e 3l
0.0 2.5 5.0 7.5 10,0 125 150 175 N N ATEN < o
I A S0l
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@ Lepton Flavour Violation

Istituto Nazionale di Fisica Nucleare
Sezione di Perugia

[JHEP 06 (2023) 073]

~ 40r
» b — s¢* ¢~ transitions to look for Lepton Flavour Violation (LFV) decays § ;5) Bk e o
- Related to possible LFUV 3 LR —
- Way to constrain NP models = sl - Combintorial bk
_ _ R S L 1 I - Isiléﬁifé ey i
» B% > K*%u*e™ and BY — ¢ute™ decays at LHCh SRR RS | - ;
- No signicant signals observed T

v Best limits set so far at 90% (95%) CL T
v Most stringent limits on a semileptonic LFV b-hadron decays P e VM

14 LHCb

0 *0  + -9 -9 12 B)—oute e
B(B°— K*ute™) < 5.7x107° (6.9 x 1079), 3
10 ~ — Bkg + sig model
i — Total bkg

) (

B(B’—= K*uet) < 6.8x1077 (7.9 x 1077), ;

B(B°— K*u e¥) < 10.1 x 107 (11.7 x 107?), j IH | = 1107
B(B°— ¢u*e™) < 16.0 x 107° (19.8 x 1079) AR ] ]

o___ & 4500 5060 5500 6000 6500
World first limit (KK 11 [MeV/c?]

i --- Combinatorial bkg
ngher excited Dy

Candidates / ( 25 MeV/c?)
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https://link.springer.com/article/10.1007/JHEP06(2023)073

INEN LFV with T
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&;\ 45E LI R R B E B B B RN B L A E 3 S pE T T T —
S 40 LHCb 4 =2 LHCb .
_ 2 3sp 6/ (Run2) 3 E = 616 (Run2)
» "Search for the lepton-flavour violating decays B® — K*0t*pu*+" S 30f " D 1 = 4f * D :
_ F — Fit = S C Fi .
. 5=7,813TeV,L=9.01b"? S Y S W R N A P ox s
v 20 ;_ 3za" n“i : I N e - K" r;*,r”,, u -
° [JHEP 06 (2023) 143] ic; 15 E— ----- _E "qc'é 4: ----- Background ]
e F = =l - 7
. T 10F 4 - ]
» Analysis g ] & L.t E
_ _ i —/ 00 © SE 3 0 ]
« 1T on na (), 0 S E JHITIAT e TR,
S d for ch d binati 3000 4000 5000 6000 72000 3000 4000 5000 6000 7000
. eparated treatment for charge com 1nat1.ons Moy [MeV/c?] m.,.. [MeV/c?]
. * — —
Corrected mass to recover neutrinos energies BB - Krtu™) < 1.0x 107 1 90% CL
0 0, — + —6 0
My, = \/Pi Fmio, +p, BB° - K% ") <82x 10
) ) — % 14F  ~Data —Total fit 4 & 14 ' —Data — Total fit 3
» "Search for the lepton-flavor violating decay Bd — ¢pu*t™" = b 5P -~ Smooth bkg. [l Dg” bke. 3 = - ;‘;f,b ---Smooth bkg. @ Dgn* bkg. 3
- +/s=7,8,13TeV,L=9.0fb ! S Wb N3zsignal [Asnn’signal § 8 “f [ansignal  [7]377° signal
ek ] T 10F 3
« [arX1v:2405.13103] 8 sF 1 g sk 3
< e ] & B 3
i g °F 13 o E
» New measurement with 7 g L 1% °F !
O C ] 4 .
- Mass re-fitted 2| 13 ¢ ]
P . . . - - 2 —
v' Missing v momentum and kinematic constraints ot = oF N 1

- No charge separation possible e MV mg, [MeV]

- See Simone’s talk this afternoon 95;(30 N qb;ﬁr‘) < 1.0 % 10~ at 90% CL
s .
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https://link.springer.com/article/10.1007/JHEP06(2023)143
https://arxiv.org/abs/2405.13103
https://agenda.infn.it/event/41047/timetable/#38-search-for-lepton-flavour-v
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Rare charm and strange decays
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@ Search for AT — pu™u~ decays

Istituto Nazionale di Fisica Nucleare
Sezione di Perugia

L 140
» C — uuy transition > 120
- Non-resonant short-distance (B~1078) = 100
- ¢, p,n, w intermediate resonances -
~ 80
» "Search for the rare decay of charmed baryon A} into the pu™ u~ final state” E 60
\Vs=13TeV, L=541fb"1 5 20
[PRD 110 (2024) 5, 052007] g
< 20
» Analysis “ 0 gy
Study in both resonant and non-resonant dimuon regions 2200 L ,
Normalised to ¢ region - A} — pp(— putu™) mp ') [MeV/c?]
- E -low-m - lé n I 0 - E w' E p E '¢ : high.-m ' Region Range [MeV/c” |
e L o o low-m region 211.32 < my,+,- < 507.86
DR L o LS high-m region  1059.46 < m,+,— < 1348.13
# +; + 7 region 507.86 < m,+,- < 587.86
STV ¥ S PO L TOVRAR KIVHUS. Rt S plavap s
! ! ! . . \ p region B0 <my+,- < .
RTAITT I AR Wt e or 83255 <l < om0
. i O R e I o o o ¢ region 979.46 < m,+,- < 1059.46
500 1000

2
M- [MeV/c?]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052007
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» Three distinct results
Observed (> 7.00)

_ Observed (> 5.60) Evidence (3.00)

16 —

~ 30pF" T ~~ ~~ | I
K LHCb o Duta T30 LHCb * Daa L 4B  LHCb * Daa 3
225 — Total fit >z ’s 54! — Total fit Z - 54 fp-! — Total fit .
= | AL = po (u'n) =R M ST U | S A= pp (W) R P S B A pnn)
f). 20 e AY = prtI f; wE Phe T 7 MMl KH o f; 10F AC _> pn --------- Al sprin =
~ 15 - - 8:— ==+ Combinatorial 3
> o 15 7 F .
g | 2 2 6F E
5 10 S 10 s F l :
5 | 5 5 4F ” I =
g 5 l’ g 5 g 2 = —® .“‘ 1
O 111 p O O N «l-« T [1' S {

o LT I T Y . N A SR AR . N il b S L N O BN B R a0 0 g8

2200 2300 2400 2200 2300 2400 2200 2300 2400
m(p ) [MeVic?] m(p ) [MeV/c?] m(p ) [MeVic?]

» Branching fractions measurements

No attempt to disentangle the resonant components to account for interference effects

B(AF — pw) = (9.82 £ 1.23 (stat.) & 0.73 (syst.) £ 2.79 (ext.)) x 1074,

B(AT — pp) = (1.52 4 0.34 (stat.) +0.14 (syst.) & 0.24 (ext.)) x 1073,

B(AT — pn) = (1.67 £ 0.69 (stat.) & 0.23 (syst.) & 0.34 (ext.)) x 1073,
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» No evidence for A7 — pu*u~ decays in the non-resonant regions

— T T
- LHCb e Data ]

e A = U
J low-mass region”c ~PHH

L
=]

— T T T L— T T T ., T T ]
30F , Da high-mass regioggcy
25f — Total fit 547"
E - AL = putp ]
20 A 2prT

C e Combinatorial

15F

45 LHCb
40 5407 AL = putu
35 signal region . A S

25—

......... A s prtm ]
----- Combinatorial

i

N I X R ety b L L L 1 L L ! L " hers s . ) ? Te 4 i T L 1 L R + .‘«-"-"i. ]‘ . . . . 1 L
2200 2300 2400 2200 2300 2400 2200 2300 2400
m(p ) [MeV/c?] m(p uu) [MeV/c?] m(p ) [MeV/e?]

15

10 -
10F

Candidates / ( 5.6 MeV/c?)

Candidates / ( 5.6 MeV/c?)
s
o
=
B
g
Candidates / ( 5.6 MeV/c?)

¥ ¥, -
Blde = PT1T) 09 (0.10) at 90% (95%) CL.

B(AF — pg)B($— p*p~)

» New upper limit using B(A! — p¢) and B(¢p — pu*u~) from the PDG
BAT = ppTp”) <2.9(3.2) x107°  at 90% (95%) CL.
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https://pdglive.lbl.gov/Viewer.action
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pr
» s— dyuu transition '
Short distance SM B~0 (107 12) 72
Dominated by long distance contributions from 2+ — (N7)* decays § u, it d
16 x 1078 < B(X* » putu~) < 9.1 x 1078 L
[Phys. Rev. D72 (2005) 074003] xr P
[JHEP 1810 (2018) 040] u u
» First evidence from the HyperCP experiment s 37 o
Three candidates observed in absence of background 0% | ] l
Measured branching fraction: 43
B(Et > putp™) = (8.6185 +5.5) x 1078 L 1 ’ ’ ‘
[Phys. Rev. Lett. 94 (2005) 021801] ;03_5 0 T
L% ‘0 2_ (a)
10 — T
Yol

L L L I B R L ! I
1200 1300 1 12100 1500

Mpuu (MeV/c?)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.074003
https://link.springer.com/article/10.1007/JHEP10(2018)040
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.021801
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» s— dyuu transition
Short distance SM B~0(10~12)
Dominated by long distance contributions from ¥ — (Nm)™* decays
1.6 X 1078 <BCZt > putu™)<9.1 x 1078
[Phys. Rev. D72 (2005) 074003] 2t
[JHEP 1810 (2018) 040]

» First evidence from the HyperCP experiment
Three candidates observed in absence of background
Measured branching fraction:
B(Et > putp™) = (8.6185 +5.5) x 1078
[Phys. Rev. Lett. 94 (2005) 021801]

» The Anomaly

Same dimuon invariant mass for the observed candidates | j
Possible 2t — pX°(— up™) decay = e

myo = 214.3 £ 0.5 MeV . 2125 215 2175
B3 - p (o i) - 31725 £ 1) x 107+ iy My, )
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.074003
https://link.springer.com/article/10.1007/JHEP10(2018)040
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.021801

@ First search at LHCb

Istituto Nazionale di Fisica Nucleare
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S s LHGb —
» “Evidence for the rare decay X — pu*u=" — » Data E
- Run 1 dataset L6 _;lf" model 3
< —-I> putus 3
\Js=7,8TeV, L=3.0 fb~1 8 ] ¢ Background _g
[Phys. Rev. Lett. 120 (2018) 221803] § 4 E
c 3
©
» Stronger evidence by LHCbH © 2 Tt l T l l U-H
- Excess of signal candidates w.r.t. background 1
_ +3.9 ke , 1 TLTTLTTT
N2+—>pu+,r - (10-2—3.5) 1300 1400
Measured branching fraction: M- IMeV/C?]

Bt - putp7) = (2.2553%13) x 1078
Consistent with SM prediction

14 November 2024 Status and prospects of rare decay searches at LHCb - G. Martelli 25



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.221803

INEN First search at LHCb
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N§ 3;— X' putu LHCb —;
» “Evidence for the rare decay X — pu*u=" = 7c » Data E
- Run 1 dataset 2 6 410 _?ﬂlm:sfz_ E
Js=7,8TeV, L=3.0fb1! 8 N 1 Background |3
[Phys. Rev. Lett. 120 (2018) 221803] S 45 M E
g 3
» Stronger evidence by LHCbH © 2 " Tt T 1
- Excess of signal candidates w.r.t. background 1 A
- 130 ST NI T T T ST,
NZ'+—>pu+ﬂ_ - (10-2—3.5 1200 1300 1400
. . . 2
» Measured branChlng fraction: . Background subtracted distribution Mpuy- IMEV/C7]
- — =L DL L L L L L
Bt - putp) = (2.220313) x 1078 . LHCb
. . . . . e Data
Consistent with SM prediction 3 o b PS Model

o~ .

» Search for the X° resonance
- No significant peak found in the m

- Upper limit at 90% C.L.
Bt > pX°(>utu)) <1.4x1078
- HyperCP result central value excluded M
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.221803

@ New analysis with Run 2
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» “Observation of the 3% — pu*u~ rare decay at LHCb*“
. Js=13TeV, L =541
[LHCb-CONF-2024-002]

» What’s new?
Increase in statistics
v Factor ~4 larger w.r.t. previous analysis
v Larger MC samples
Increase in performances
v" Run 1 - Highly prescaled minimum bias data
v" Run 2 — Dedicated trigger lines
v Gain of a factor ~13 in signal efficiency
v Improved PID performance on protons and muons
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@ New analysis with Run 2
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First observation with

overwhelming significance

» “Observation of the E* — pu*u~ rare decay at LHCb “

- s=13TeV, L=54fb"1 a S s s s s B S ) BN B B
[LHCb-CONF-2024-002] S 1201 LHCD rctminay

> - > 50 54 fb—l 5

100 | -

» What’s new? >. - .. Data .
Increase in statistics ool —Full model -

v" Factor ~4 larger w.r.t. previous analysis Q - 2T pUtp :

- - e Background ]

v Larger MC samples »n 60 _
Increase in performances F-»c; Bl ]

v" Run 1 - Highly prescaled minimum bias data S 40k -

v" Run 2 — Dedicated trigger lines E B i

v Gain of a factor ~13 in signal efficiency 6 20 :— —:

v Improved PID performance on protons and muons - .

150 1200 - 1350 1300 1350 1400

» Results M 2
eV/c
N2+—>pu+u‘ =279+ 19 p# u [ ]

Rarest hyperon decay ever observed
Paper in preparation with integrated BF measurement
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16

» Background subtraction a 40 L L L L B
sPlot method using m,, ,+ - as discriminant variable O 35 LHCD petiminary 3

v Event-by-event signal re-weight % 20 54 fb'l g

» No significant peaking structure is visible CE\] 25 Tepww _E
Data compared with simulated phase space :—: e ];atal — ]

v Simulation re-weighted according to SM amplitude = 20 Sirulation SM —

Good agreement found in the full m,,+ - distribution ) 3

18 — T L A AL B ; 15 _:

LHCb Preliminary T

IIIIIIIlIIIIIII|III|III|III|IIIIIIT
S W
_||||||||||||||||||||||||||||||||||||||||||||_

>~ _% % JH‘ MHHH} WHH {w‘ﬁm{ﬂbﬁj}t}nzﬂibﬂﬁ 220 230 2141,10M+ [Mzes\(} .

m,., - [MeV/c?]
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» Rare decays at LHCbh
A way to investigate on (possible) NP hints
b-sector, but also c- and s-modes
Major (and some world’s best) contributions “from our side ”

» Today’s talk (Run I + Run 2 dataset)
Amplitude analyses
LFU and LFV null tests
Searches for (very) rare charm and strange decays

» What’s next?
Run 3 is happening right now with LHCb Upgrade 1, however ...
... rare modes measurements still expected to be statistically limited
Full potential 1in flavour physics will be exploited with Upgrade 11
v" Run 5 and beyond
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On behalf of the LHCb collaboration
thank you for your attention
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Backup slides
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@ The LHCb Run 2 detector

Istituto Nazionale di Fisica Nucleare
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LHCb Detector _
Weight: 5,600 tonnes E|eCtr0magnetIC

ight: 10 .
% ot Calorimeter

RICH1

Kaon,m,proton
1<p<60 GeV/c

Vertex
Locator

Tracking
Station

RICH2
K,T,p

Muon

Dipole —1 15¢p<100 Hadronic Stations
Magnet Tracking eevc Calorimeter
Stations
@ < 0.5 — 1% [JINST 3 (2008) S08005]
p ' : [IJMPA 30 (2015) 1530022]
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

