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E——————————————————————————————
Introduction: rare and very rare decays

@ New Physics (NP) beyond SM =- indirect searches: test SM predictions to look for possible
contributions from new virtual particles

@ Rare (B < 107?) and very rare (B < 10~8) decays => sensitive tool to explore NP

@ How would NP manifest? What to measure?
1) Modification of the decay rates ( T or | ) — Branching Fractions (B)
2) Modification of the angular distributions

. . — CP tri nd angular observables
3) New sources of CP violation asymmetries a g

o Why rare?

BNV Helicity suppressed RARE NOT SO RARE

LNV GIM mechanism FCNC

LFV 5

) ¥ s = JUp s — dll

b— stt! B = AF 5 ppt b — sl

- - — - @ 2 @ —>  Branching Fractions
0(107°9) O(10~1) 0(107) 0(1077)

Daniele Provenzano Rencontres du Vietnam, Flavour Physics Conference 2025 ICISE, Quy Nhon - 18 August 2025



LHCb: the experiment

Large Hadron Collider beauty (LHCb)

o Located at the LHC (CERN)

@ ~ 1200 authors, from 120 institutes
in 26 countries

@ Dedicated experiment for precision
measurements on flavour physics
(CP violation, rare decays, ...)

o LHC
@ pp collisions at

\/s=17/8 TeV in Run 1
v/s =13 TeV in Run 2
/s =13.6 TeV in Run 3
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LHCb: the detector

@ single-arm forward spectrometer @ pseudorapidity 2 < n < 5

LHCb Detector )
Weight: 5,600 tonnes Electromagnetic
Height: 10 m
Length: 20 m

Calorimeter

Locator

Tracking
Station Muon
Dipole - Hadronic ~ Stations
Magnet Tracking Calorimeter

Stations

@ tracking system + particle identification system
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e
Selected results:

1) =t s putp~ = FCNC STRANGE
2) B° - K*0rte¥ = LFV BEAUTY
3) A - putp~ = FCNC + GIM  CHARM
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Selected results:

1) =t s putp~ = FCNC STRANGE

2) B° - K*0rte¥ = LFV BEAUTY
3) A - putp~ = FCNC + GIM  CHARM

PHYSICAL REVIEW LETTERS 135, 051801 (2025)

Observation of the very rare X+ — pu*p~ decay

R. Aaij er al.”
(LHCb Collaboration)

® (Received 9 April 2025; accepted 2 June 2025; published 29 July 2025)

The first observation of the £+ — pu*u~ decay is reported with high significance using proton-proton P u bl iShed in P R L on 29th J u |y

collision data, corresponding to an integrated luminosity of 5.4 fb~!, collected with the LHCb detector at a
center-of-mass energy of 13 TeV. A yield of 237+ 16 £* — pu*u~ decays is obtained, where the PRL 135 D 051801 (2025)
uncertainty is statistical only. A branching fraction of (1.08 £0.17) x 1078 is measured, where the

uncertainty includes statistical and systematic sources. No evidence of resonant structures is found in the
dimuon invariant-mass distribution. All results are compatible with standard model expectations. This
represents the rarest decay of a baryon ever observed.

LHCb-PAPER-2025-002

Daniele Provenzano Rencontres du Vietnam, Flavour Physics Conference ICISE, Quy Nhon - 18 August 2025


https://doi.org/10.1103/r3v2-kmmp
https://arxiv.org/abs/2506.15347
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L091102
https://doi.org/10.1103/r3v2-kmmp

-
LHCb: strange hadrons production

10

Z
S .
s
é 10!
@ Huge strange-hadrons production .
(kaons and hyperons A°/33) —— KK
0
100 A
@ About one strange-hadron per event .
(compared to one B meson every 1000 events) o
10 e =-=0
@ Statistics necessary for b
— precision measurements of strange decays -2
— searches for rare strange decays
— L
103 J/

Figure: Multiplicity of particles produced
in a single pp interaction
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YT — putp~ : motivation

e X" — puTp~ is a very rare FCNC .
I
— Short-distance contribution (penguin/box diagrams) B ~ O(10~12)
— Long-distance contribution (from the decay ¥ — pvy*) §<\/(
1.2 x 10-8 < B(S+ — putp—)SM < 7.8 x 10-8 745
s u.gg,t d
RPN
o+ u W u p
u u
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YT — putp~ : motivation

e X" — puTp~ is a very rare FCNC

— Short-distance contribution (penguin/box diagrams) B ~ O(10712)
— Long-distance contribution (from the decay ¥ — pvy*)
1.2x 1078 < B(Z+ — putpu=) M < 7.8 x 1078

I @] o ®)
1054 w2 %2 © Data
3 =
: 2
104 ? .?
@ First evidence found by HyperCP (2005) S o
% 10 37 2‘2:'1 ('31‘95\//02)2‘7.5
— 3 events in absence of background = "
— Measured branching fraction B = (8.6fg‘g) x 1078 %1027
” " 10 5
@ The "HyperCP anomaly l .
M Ta
— All the 3 signal events had the same dimuon invariant mass 1 k m E=—prad] ©
_ 2 ‘ ‘ ‘
mx, = 214.3£0.5 MeV/c 1200 1300 1400 1500
— Possible =7 — pXO%(— utpu~) decay My, (MeV/c?)
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-
YT — putu~ o analysis

e Analysis with Run 1 data (2011-2012) = £ = 3 fb™!, evidence with 4.1¢
@ Analysis with Run 2 data (2016-2018) = £ = 5.4 fb~! [PRL 135, 051801 (2025)]
o Improvements Run 2 w.r.t. Run 1

— Increase in statistics — Increase in performances = factor ~ 13 larger

Run 2 analysis
o Background sources

105 ? LHCb ‘ ‘ —‘ Z‘lpu‘u"s‘mu‘la{ion

— Combinatorial (random associations) | 54fp? v
1OA7‘ 5 ——————— Combinatorial background

— A° — pr~ decays where misID m — 1 with accidental

A background

Arbitrary units

@ No other background sources

— small g-value (~ 40 MeV/c?), e.g. 1 — prt 7~ forbidden
— misID decays with higher mass peak, e.g. K™ — mrm excluded

o Selection strategy 0 05

@ Preselection on kinematic/PID variables
© Multivariate selection (output=BDT)

1
BDT output
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E——————————————————————————————
YT — putpu~ : observation

Fit to the puT ™ invariant mass distribution = fitted yield Ny+_,,,+,- = 237+ 16

FIRST OBSERVATION WITH OVERWHELMING SIGNIFICANCE

<) FT T T T T T T
% b LHCb =
> 100¢ -1 ]
g . 54fb 1
— —Data —
o 80: —Full model 7
o r X puty
- 60—~ g e Background
B L ]
@ L ]
© L ]
5 L ]
8 0L ]
o 1

T160 1180 1200 1220 1240 1260 1280 1300
m, -, [MeVic?]
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E——————————————————————————————
YT — putp~ : scan in the ut ™ invariant mass

@ Search for resonances in the dimuon invariant mass distribution

@ No evidence of resonant structures found = HyperCP anomaly excluded

@ Distribution compatible with SM prediction

~ pr—————F———————————————7—
L 35E LHCDb E
> E -1 7
0 5E 54fb E
= E S oputy E
N 25 e Daa = Distribution ~ of  background-
~ E S e subtracted dimuon invariant mass
% ZOE Sfmu@onmsp 3 for =t — puTp~ candidates in
.= 15F Simulation SM 3 data compared with simulation
> E E (PHSP blue line, SM amplitude
10F +++ + = red band).
ot T
E P 1 3
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-
YT — putp~ : branching fraction

Number of signal candidates converted into a branching fraction
through a normalisation to the ¥ — pm® decay

€sig Nnorm

B (2"‘ — pu+u_) — €norm _Nsig

B (St - pr°)

The resulting branching fraction is:

RUN 2

B(Xt - putp~) =(1.08£0.17) x 1078

In agreement with
SM predictions

THIS IS THE RAREST BARYON DECAY EVER OBSERVED

Daniele Provenzano

Rencontres du Vietnam, Flavour Physics Conference 2025 ICISE, Quy Nhon - 18 August 2025


https://doi.org/10.1103/r3v2-kmmp

e
Selected results:

1) =t s putp~ = FCNC STRANGE
2) B° - K*0rte¥ = LFV BEAUTY
3) A - putp~ = FCNC + GIM  CHARM
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Selected results:

1) =t s putp~ = FCNC STRANGE

2) B° - K*0rte¥ = LFV BEAUTY

3) AF - putu~ = FCNC + GIM  CHARM

rHCh

Search for the e
lepton-flavour-violating decays
BY — K*0r%eF

LHCb collaboration®
Abstract

A first search for the lepton-flavour-violating decays B® — K
The analysis is performed usin
1 the LHCD detector at a

0767 is presented.
ample of proton-proton collision data, collected
ntre-of-mass energy of 13 TeV between 2016 and
2018, corresponding to an integrated luminosity of 5.4 fb~!. No significant signal
is observed, and upper limits on the branching fractions are determined to be
BBY — K07

<5.9(7.1) x 1075 and B(B® = K*r%e™) < 4.9 (5.9) x 107°
at the 90% (9 ;‘() confidence level

w

Submitted to JHEP
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LFV searches at LHCb

Neutrino oscillations lead to charged-LFV

cLFV highly suppressed (m. /mw)* ~ O(107°°)
and their observation will constitute an
unambiguous sign of NP

Some NP models (LQ, SUSY, ...) predicts B close
to current experimental limit

B factories and LHCDb set stringent LFV bounds

LHCb has carried out several searches for cLFV
decays with ey and 7p final states

Till now, Te coupling has only been tested by
BaBar and Belle

Daniele Provenzano

Leptons | Decay TLimit (90% C.L.) | Integrated luminosity | Experiment
BY 5 eFu* 10x 10 7 [84] 30T LHCh
B — eFpt 5.4 x 1079 [84] 307t HCh,
BY = dlerpt 1.4 x 1077 [85] 472M BB (426b71) BaBar
Bt — 1.7 x 1077 [85] 472M BB (426fb71) BaBar
B — K%Fy* 3.8 x 1078 [86] 772M BB (771f67") o
B & K*0cFut 10.1 x 1079 [87] 9fb!

B — K¢ put 5.7 x 1072 [87] 9fb!

B 5 K"ty 6.8 x 1077 [87] 9fo!

Bf o Ktetu~ 7.0 x 1079 [88] 307t

Bf o Kte ut 6.4 %1079 [88] 371

BT — K*te~pt 9.9 %1077 [89] 472M BB (426b71) abar

BY - K*tetp~ | 1.3x 1075 [89] A72M BB (426£b~") BaBar

Bt = D-etut 1.8 x 1070 [90] 772M BB (771f67") Belle
1.6 x 1075 [87] 9fb-! /THCB\
1.4 % 1077 [91] 30T LHCb
4.2 %1075 [91] 30t LHCL
4.5 % 10 472M BB (426b71) BaBar
2.45 x 10 472M BB (426f57") BaBar

1.0 x 107 [92]
9.8 x 1076 [92]
5.9 x 1075 [93]

3]

ofb!
ofb!

772M BB (771571
9fb!

Belle
elle

)

7.4 x 107 [98]
2.0 x 1077 [98]

T72M BB (771fb ")
772M BB (T71fb7Y)
772M BB (T71fb1)
772M BB (T71fb7Y)
472M BB (426f57")
472M BB (426071

Belle
Belle
Belle
Belle
BaBar
BaBar

Table 1.2.1: Searches for LFV B

ietnam, Flavour Physics Conference 2025

decays, classified by the presence of ey, 7j1 or Te in the final state.

PhD Thesis Tommaso Fulghesu
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-
BY — K*0r%eT
@ First search in LHCb for e (Run 2)

[} T T
_ _ . g m ]
o 7Te™ and 7~e™ treated independently T + ommvercts 1 - oveneacts
+ — + 0\— & 0.8/4 — Expected CLs- Median | — Expected CLs- Median |
o T T T (" )Us - oo ] [ P————
~ ‘ ‘ ‘ ‘ % Data 06 [ expected cLst 20 E epecedcist2e
2 ol LHCb ] ]
« 5S4 ] e B> KTet, T mmtav,, brem 04F LHCb ] LHCh 1
. ] .
g . B> K"Te%, T M v, brem 02 S4fb E St E
- N A T e N 0. S — y 1
-§ B"- K'"Te*, T» mm'm v, no brem 0 10 ‘ 10
B 104 " _ 0 5 10 15 10 15
5, L A N B B'= K" Te*, T TPy, no brem B(ES— K'Or ) BE - KOre)
----------------- Background
1030, 7000 i The expected and observed p-values derived with the CLg
m, [MeV/2] ——— Total fit

o method as a function of the BR. The red line corresponds to
‘ ‘ \ t L the 95% CL.

T
LHCb
................. B KT, T m D, brems

3
T

54fb7

B KT, T~ M mnv,, brem

B(BY - K*97~et) < 5.9 (7.1) x 1076
B(BY - K*97%e™) < 4.9 (5.9) x 1076

,,,,,,,,,,,,,,, B> KT, T"—> M TP, no brem

Candidates/(215 MeV/c2)

107 e [ B'- KTt~ T~ M D, no brem
b ) } —— Background at 90% (95%) CL
1051000 40‘00‘ 5000 - 60‘0 70‘00 _
my, [MeV/e2] ——— Toual fit
No significant signal contribution Most stringent limit on b — s7/ so far!
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e
Selected results:

1) =t s putp~ = FCNC STRANGE
2) B° - K*0rte¥ = LFV BEAUTY
3) A - putp~ = FCNC + GIM  CHARM
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e
Selected results:

1) =t s putp~ = FCNC STRANGE

2) B° - K*0rte¥ = LFV BEAUTY

3) AF - putu~ = FCNC + GIM  CHARM

PHYSICAL REVIEW D 111, L091102 (2025)

PHYSICAL REVIEW D 110, 052007 (2024)

e AN Search for resonance-enh:
into the pu* ™ final state in the A} — pu*p-~ decay

nced CP and angular asymmetries
at LHCh

Search for the rare decay of charmed baryon /

R. Aaij er al.” R. Aaij et al.
(LHCb Collaboration) (LHCb Collaboration)
® (Received 10 February 2025; accepted 16 March 2025; published 12 May 2025)

®  (Received 22 July 2024; accepted 27 August 2024; published 24 September 2024)
The first measurement of the CP asymmetry of the decay rae (Acy) and the CP average (Apy) and CP

A search for the nonresonant A} — pu*y~ decay is performed using proton-proton collision data asymmety (Apy) of the forward-backward pu decays s
recorded at a center-of-mass energy of 13 TeV' by the LHCb experiment, corresponding to an integrated reported. The messurement i prformed i
luminosity of 5.4 fb~". No evidence for the decay is found in the dimuon invariant-mass regions where the bl L,
expected contributions of resonances is subdominant. The upper limit on the branching fraction of the the - csonNaisis peak. The dimuon-mass integrated results Acp = (=11 £ 40+ 0.5)%
A}~ pu*u~ decay is determined to be 29(3.2) x 10 at 90%(95%) confi el. The branching Sy = (3940 £0.6)%. Ay = (3.1 £40.£ 04)6%, where the first uncerainty is siatstical and
fractions in the dimuon invariant-mass regions dominated by the 7, p and @ resonances are also determined.

sample of proton-proton collisions, recorded by the

y of 13 TeV, which corresponds to an

d in two regions of dimuon mass near

ce le

the second systematic. The results are consistent with the conservation of CP symmetry and the Standard

Model expectations.

LHCb-PAPER-2024-005 LHCb-PAPER-2024-051
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N
AF — putu

A — putu is a very rare FCNC + GIM mechanism

Short-distance contribution B ~ O(107%)

Long-distance contribution B ~ O(107%) from A} — pX(— utpu~) where X =n,p,w, ¢
LHCb data from Run 2 (£ = 5.4 fb~!)

@ B in six regions of dimuon mass: resonant (7, p,w, ¢) and non-resonant (low and high mass)

Lm@9@®@®6@9

54t
1

?

st e

200 507 587 742 822 965 1059 1348

2
- [MeV/c?]
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N
AF — putu

e AT — puTp~ is a very rare FCNC 4+ GIM mechanism

@ Short-distance contribution B ~ O(1078)

e Long-distance contribution B ~ O(107%) from Af — pX(— ptp~) where X =, p,w, ¢

e LHCb data from Run 2 (£ = 5.4 fb™1)

@ B in six regions of dimuon mass: resonant (7, p,w, ¢) and non-resonant (low and high mass)
o Normalised to ¢ resonant region: A} — po(— pp)

140
120
100

e Data
— Totd fit

LHCb :
541" :

?

WWMWMWWW

200 507 587 742 822 965 1059 1348

2
- [MeV/c?]

Candidates/ ( 5.6 MeV/c?)
3

2200 2800 2800
m{putu) [Mev/c?]
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-
A — puT T resonant regions

A} = pw(— pp) AY = pp(— pp) AY = pn(—= pp)

significance > 7o significance > 5.60 significance > 3.00
~ 30p T T T ~ T T —3  ~ 16f T T —
S f  LHCD * baa L ®E LHeb * Daa R * daa E
] E -1 — Total fit > E -1 — Total fit 3 > -1 — Total fit E
E 2oF sam A (W) E 255 S4fo e A e () % 2 54fb e AL ()
a F e A pRt T 4 = e Ao o PIETT = > 10F e AL pRt T 3
e E 1=+ Combinatorial N » * + «- Combinatorial ] L F ~e:+ Combinatoridl ]
= 15f = = 8 =
8 b 8 8 s * * E
B 10 8 B E E
=} =] el F E
k=1 5 g AF e

8 S 8 st 8 of IR #
: : . IR UL
0 2200 ° 2200 0 2200 2

2300 2400 23.00 2400 300 2400
m(puti) [Mevic?] m(puu) [Mevic?] m(putp) [Mevic?]

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

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

B(AF — pn) = (1.67 £ 0.69 (stat.) + 0.23 (syst.) £ 0.34 (ext.)) x 1073,
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-
A — pup~ : non resonant regions

No evidence for Aj‘ — putpu~ decays in the non-resonant regions

~ 00—

E w 1 T T T
& 45 LHCb ¢ Daa . _E d —4- Observed
> 40 1 — Total fit 3 A ]
g 54t . /\; . p;u+l1_ E 0.8 — Expected
© 35 _é ook +lo
o 30F . = “H M :20
I 5 = i LHCb

E 045 ]
8 20 E B 54fb~1
ko]

i 02f ]
% ig 4 90.0% g e

5 (S S B 0.. lo_q
§ 5 = % 020 30 a0

0 — S/ S R B(AF — put ™)
2200 2300 2400
m(pu ) [Mev/c?]
5 most stringent

BAF = putp™) <29 (32)x107%  at 90% (95%) CL. limit to date
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AF — puTp~  CP and angular asymmetries

Study of CP asymmetry of the decay rate (Acp) and the CP average (XArp) and
CP asymmetry (AArg) of the Forward-Backward asymmetry

L(AS = pptp”) —T(A; = putp”)
D(AF = putp~) + (A7 = putpo)
['(cos@ > 0) — I'(cos € < 0)
I'(cos® > 0) 4+ I'(cos < 0)

AC‘P =

AFB =

1/ aF A 1/ A+ A- P
TAre = 5 (Ars +Ars ) DArs = (Afs — Afg) :
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-
AF — puTp~  CP and angular asymmetries

Study of CP asymmetry of the decay rate (Acp) and the CP average (XArp) and
CP asymmetry (AArg) of the Forward-Backward asymmetry

(AT = pptp™) —T(A; = pptp”)

Acp = E N
DAL = pptp=) + T(A7 = Bt ) olf S P S

['(cosf > 0) — I'(cosf < 0) < o { { E

AFB = -0.1F i
I'(cos® > 0) 4+ I'(cos < 0) : E

1/,.Af | L AC 1/.Ar A L — E

YAr = 2 (AFB + AFB) AArg = D) <AFB - AFB> f oF ! —i——-
-01f =

Acp = (—1.1+£4.0+£0.5)%, F - - ' :

SApg = (3.9 4 4.0 £ 0.6)%, e ——

Adpg = ( 3.1+4.0+0.4)%, " ob

No significant deviation from the SM are observed %0 1000 1020 r&ﬁ) Mev/c?]
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e
Conclusions and outlook

o (Very) Rare and forbidden decays constitute a unique environment to look for NP
@ Many LHCb measurements are world’s best: beauty, charm and strange sectors

o LHCb is giving a major contribution:
— 7t — put ™ : first observation and rarest baryon decay ever observed, compatible with SM
- B° — K*°7%eT . most stringent limit in b — s71 so far, no significant signal contribution
- AT — put ™ : most stringent limit to date, all results compatible with SM

o Prospects:
- 9.5 fb~! data collected in 2024, and Run 3 still ongoing

— exploit the larger Run 3 dataset with improved efficiency from the fully software trigger to achieve
unprecedented precision in these measurements

— new searches, new observations and new more stringent limits increasingly closer to the ranges of
interest for NP
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Thank you for your attention!
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E——————————————————————————————
LHCb acceptance

LHCb MC
Vs=14 TeV

/2

3n/4 91 [rad]

Figure 2.3: Production cross-section of bb pairs as a function of their polar angle with
respect to the beam axis, for pp collisions simulated with PYTHIA at a center of mass
energy of 14 TeV. The LHCb acceptance is displayed in red [41].
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E——————————————————————————————
LHCb luminosity

current LHCb — Upgrade | —— Upgrade Il—»
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Figure 2.2: Luminosity projections for the original LHCb, Upgrade I, and Upgrade II
experiments as a function of time. The red points and the left scale indicate the anticipated
instantaneous luminosity during each period, with the blue line and right scale indicating
the integrated luminosity accumulated.
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Experimental observables

from M.Atzeni’s talk at LHCP 2025 ” Rare decays and lepton flavour studies at the LHC”

Experimental observables in b — s£1¢~

Branching fractions
Theory:

Large hadronic

uncertainties (local and

non-local)

Exception: Leptonic

decays, e.g. B)) = u*u~
Larger theory uncertainty

Tensions in BR SM
higher than data

15 SX107°

0. T T
B LHCb
i(” B — K*%u*u
3
<
0.05| —+ __
==
JHEP 04 (2 42,
0 5 10 15
2 [GeV¥et]

Angular observables LFU tests
Theory: Theory:

Cancellation of hadronic
uncertainties

Reduced form-factor
uncertainties

S4,5,8
VFL(1-Fy)

e
P4‘5,8 o

Smaller theory uncertainty

Tensions in angular

observables Tests compatible with LFU

= E| LHCh

« LHCb ATLAS Toom!
b— = Belle CMS
05 ‘ [ sM from DHMV 2|
/e )M from ASZ .
0 + )
SM

.
T

ﬂ:.
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Why rare?

BNV Helicity suppressed RARE NOT SO RARE
LNV GIM mechanism FCNC
LFV
" Bs — pp s — dll
b— st/ By = nu A — putp~ b — sll
- — — - © @ @ —>  Branching Fractions
0(107°9) O(10~1) O(107) 0(1077)
H/_/
Lepton Flavour Violating A 5
L Flavour-Changing Neutral Currents Flavour-Changing Charged Currents
Lepton Number Violating
o Loop-level in the SM o Tree-level in the SM

Baryon Number Violating
Not allowed in SM

Beyond-SM theories could
predict BR up to O(10~7)

o Sensitive to effects of NP in the loops

@ FCNC can be further suppressed for helicity
and GIM mechanism
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YT — putu~ o Additional theory interest

III. SM LONG-DISTANCE CONTRIBUTIONS . . . .
implying a partial width I,

Gpe 2R[ab”]

eG v
Lagrangian of ¥ — py depends on two form-factors £ = Tpﬂp[u + byslow g ust Yy vp
RN

r= (a® +0*) B3

4-fold ambiguity on the a and b form-factors needed as input for X" — pu™ ™~

where E, denotes the photon’s energy in the rest frame of the L* and & is the angle between its polarization and the proton’s three-momentum in this frame.

possible branching fractions

Relativistic baryon
Rea (MeV)  Reb (MeV) || 105B,,
° P ] Z1215+ 024  478+042) 27402
26 26 —4.784+0.42 12.15+0.24f 7.8+0.3
§ ;3 - | 4784042 —12.15+0.24] 4.24+0.2
w Lo IN / ] 12.15+£0.24  —4.78 4042 1.2+0.1
32 - 22 - ' Rea (MeV)  Reb (MeV) || 108B,,
. — of — —974+054  6.17+0.74 |[3.7+05
-0 -5 0 5 10 -0 -5 0 5 10 6174074  9.74+0.54 || 6.1+05
Rea/MeV Re b/Mev 617074 —9.74+054 || 3.2+£0.3
9.74+054 —6.17+0.74 [ 1.9+£0.2

Heavy baryon
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-
YT — putu~ o Additional theory interest

from F.Dettori’s talk at EPS 2025 ” Rare strange decays at LHCb”

Amplitude

AR - = {-igatpla(@®) + v5b(a*)] o us — w77 [e(d”) + 15d(a”)ux}auvsvp

¢ Dominated by long distance contributions ¥ — N7 — py”*

o With some assumptions a and b can be taken from % — py :
experimental data [BESIII - Phys. Rev. Lett. 130, 211901 (2023)] l_: 6
=3
¢ Four-fold theoretical ambiguity ?‘ )
¢ Relativistic-baryon and heavy-baryon xPT approaches do not b [
agree % 2 .
Hence final prediction has large uncertainty: 0L[Roy et al. . PRD111 (2025) 013003]
-0 -5 0 5 10
Re a/MeV

BT = putuT) € [1.8,5.8] x 1078
Experiment can help solve the

ambiguity
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YT — putu~ o Additional theory interest

from F.Dettori’s talk at EPS 2025 " Rare strange decays at LHCb”

Dimuon mass distribution

s Different predictions for the different
approaches and parameter values Mys MeV) My MeV)

Additional observables: forward-backward

. . n
asymmetry, CP violation Z
2

N

S|s

—l& oo
00020z zd0 20 00— o 250
M,, (MeV) M, (MeV)
Daniele Provenzano
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Xt = putu~ : BDT

@ Variables
— the impact parameter x2 of the £1 and of the final-state particles tracks with respect to the best PV;
— the maximum distance of closest approach between any pair of the three daughter tracks;
— the flight distance of the 1 from the PV divided by its uncertainty;
— the angle between the 7 momentum and the lines joining the PV and the SV;
— the X2 of the 1 vertex fit;
— the transverse momentum of the final-state particles tracks;

LHCb | ‘ —‘ Z‘pr*;}"simu‘lation‘

-1
54 fb ------- Combinatorial background

=
Q,

=

A background

=
o

Arbitrary units
g

s
B3

=
o
o LU B AL AL L

[uny

0.5 1
BDT output
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YT — putp~ : Optimisation

The final selection is based on the BDT output, the muon and proton particle- identification variables,
and the width of the A veto window. Criteria on these four variables are optimised, on a four-dimensional
grid, to have the largest significance, defined as
N,
S=— 1
\% Ns + NB ( )

where Ng is the expected signal and Np the expected background yield.
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E——————————————————————————————
YT — putpu~ : Run 2 trigger

Since 2016, two inclusive dimuon trigger selections have been added at the two software trigger stages
specifically designed to retain low transverse-momentum pT combinations whilst remaining within the
strict time constraints imposed for the software trigger. In addition, an exclusive trigger selection has

been introduced for the ¥ — pu™u~ decay channel.

»  Run 2 improvements for strange physics [LHCb-PUB-2017-023]:
HLT1: Complementary forward tracking lowered down to 80 MeV for muon tracks
Generic HIt1DiMuonNoLO for soft dimuons not requiring only LOMuon or LODimuon triggered events in input
HLT2: Generic HIt2DiMuonSoft for soft dimuons
Dedicated HIt2RareStrangeSigmaPMuMu for X+ — pu*u~ decays

Efficiency S—putp~
Lo 0.269 + 0.006
Run 1 Run 2

H1t1Global| LO 0.191 + 0.011 0.459 + 0.014
H1t1DiMuonNoLO | LO - 0.325+ 0.013
H1t2Global | H1t1Global 0.162 £ 0.023  0.901 + 0.012
H1t2DiMuonSoft | Hlt1Global - 0.8044 0.016
H1t2SigmaPMuMu | H1t1Global - 0.4854+ 0.020
Total 0.0083 & 0.0013 0.111 £ 0.004
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TISTOS method [S. Tolk et al. LHCb-PUB-2014-039]

Triggered events can be Triggered On the Signal (TOS) (the signal is sufficient to trigger), Triggered
Independently of the Signal (TIS) (the signal is not necessary to trigger), Triggered on both (TIS&TOS)

Triggered
event
Signal candidate
tracks (S)

Triggered events

Trigger?

All events

Figure 1: Diagram explaining the logic behind categorizing events into Trigger On Signal (TOS),
Trigger Independent of Signal (TIS) and Trigger On Both (TOB) trigger categories. Note that
an event can be both TIS and TOS simultaneously.
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YT — putu~ : signal fit

50

o~ = T = a E T ‘ ‘ 3
Re} r LHCb ) ] L 10 E LHCb L ]
g s 5.4fb E g 60 5.4fb .
L —Data ] £ —Data ]
0 E —Fullmodel wn S0 —Fullmodel
o 30F X DU o F =X DU
= R | Background ] = 40 ) Background
% 20F 4 % 30 ;* f;
© C ] o C ]
B r ] T 20 -
g oF J E L%S 10F g
o ottt S b By L b g R I T T PR AT
1200 1250 1300 1350 1400 12 1250 1300 1350 1400

M,y [MeV/c?] M, - (MeV/c?]

Figure: Distribution of the invariant mass of Figure: Distribution of the invariant mass of

YT — putu~ TOS candidates. YT — putu~ TIS candidates.
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YT — putp~ : normalisation

NEW! Number of signal candidates converted into a branching fraction
LHCb-PAPER-2025-002 through a normalisation to the 1 — p#® decay

B(=t — putp) = =toes Netoputu= g (Bt — pn0)

€E+—>pu+u_ NE+—>p7r0

g E ]

.. . = 12000 .

@ not trivial as no fully charged final states 2 E 54 fh! ]
of the ¥ are available S10000F —+ Data 3
= E — Fullmodel

gsooof- fE R\ L Toprd ]

o X1 — pnP highest branching fraction 5 P Background ]
3 - -

B~ 52% s F 3

© 4000 .

o Fit to corrected mass 2000 - 3
_ PDG b 3

Meorr = Mpyy — My + Mo t ]

1250
e, [MeV/c?]
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-
YT — putu~ o Normalisation

P ———— 77— P 77—
S} - ] S o ]
S 1400 = LHCb . - = 12000 = LHCb . ]
[5) F - 4 [5) r - ]
= 1200 541b 3 = E 541b ]
s F 5 Data ] S 10000 - % Data -
C 1000 — Full model c r — Full model
8 E s ] g 8o PR e St—pn® ]
3 800 |~ =] 3 v e Background 7
ke o ] 5 6000 - ]
5 600 |- ] 5 E ]
400 :— _: 4000 :— _:
200f Ty Syt 2000 .
0: . B P T L T [} So—— P T LN

1150 1200 1250 115 1200 1250
Me,, [MeV/c?] Me,, [MeV/c?]

Figure: Distribution of the invariant mass of pr® TOS  Figure: Distribution of the invariant mass of pr® TIS
candidates. candidates.

Daniele Provenzano Rencontres du Vietnam, Flavour Physics Conference 2025 ICISE, Quy Nhon - 18 August 2025



BY — K*0r%eT

. . . gsooog— LHCk;SimuIation ‘ E
@ First search in LHCb for Te coupling gsooo;— KT e ,
@ LHCb data from Run 2 (£ = 5.4 fb™1) & 4000} M E
gsoooé E
. =l E |
@ Analysis strategy: EZOOO? E
. . @] £ ]
— 7te™ and 7~e™ final states treated independently: 10001 E
different sensitivity and experimental backgrounds 9% 0 =50 ——
. . . . _ _ m[MeV/c?]

- Signal model including hadronic 7 — 77~ n+ (7% D,
- B 5 D (KTn a7 )Df (KtTK~nt)asa L1000 LHCD, E
normalisation channel (abundant and similar topology) 2 >4T ]
= soof +Daa
ﬁ t — Total Fit 4
. 600 - Signal .
@ Analysis challenges: BT - Background ]
S 400l b
— Missing neutrinos: mass refitted including missing neutrino 5 F ]
momentum and kinematic constraints 200p E
— Electrons: bremsstrahlung photon recover (when possible) S0 5250 o200 -

5350 0
m(DDg) [MeV/c?]
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Test the Lepton Flavour Universality at LHCb

Relative rates of b — su™p~ and b — sete™:

5 T T T T T
Ginax 9BB — X" p7) da? =6l ]
2 da? q
R — Dinin q ]
X qum dB(B ~ Xete) ;o L4 ]
, T, - 4aq 1
9min az

12
— clean: QCD uncertainties cancels out in the 10 _[% ]

ratio % g gy
— predicted by the SM with very high precision e _'—'——F——" $ ;::v:igh q‘ 4
o BY - K%0T¢~, BY — ¢ tti~ osFT | 3 ]
e Bt — KW+yp+y— BO s K*0pt+y- ) o | }
° BY = K'ntn=ttt~ 0 5 10 15 EE
o A) - pK—(T(~ ¢ [GeV2/cY)
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