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Why Strange Physics

e Kaons have shaped the SM since its inception
e They were at the inception of the CKM matrix
e s — df ¢ transitions are highly suppressed in SM
e Relevant for kaons but also strange baryons
e Involvement of strange quark pushes limits on theory predictions
e Symmetries of QCD EFTs start to break with light mesons
involving s quark
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Why Strange Physics at LHCb

JHEP 05 (2019) 048

e Large production of strange hadrons at LHCb

10?

" e \ery good PID + mass resolution
- e Can go down to low pr
N e Key for light mesons
. e Run 3 (2022—-26) — hardware trigger removed,
W E—— b expected increase in efficiency
7 e This talk:
5t e Quick review of latest Xt — pu™ ™ result
o e Latest results on K9, n and n’ decays
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https://link.springer.com/article/10.1007/JHEP05(2019)048

The LHCb Experiment
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The LHCb Experiment

JHEP 05 (2019) 048
o 50% of K¢, X decay inside the VELO

¥ I! e Run 1+2 (2011—18): Two-stage trigger
- NN e Hardware trigger selects high-pT

\\:\?'\. N signatures

\ e Software trigger is more
customizable

e Run 3 removed hardware trigger
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https://link.springer.com/article/10.1007/JHEP05(2019)048
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Analysis Highlights

Phys. Rev. Lett. 135 (2025)
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Very rare FCNC

Third search at LHCb

2016—2018 LHCb data

Normalization to =+ — pz°

Signal observed with high significance
No s u~ excesses observed

B(Xt = pptp”) = (1.08 £0.17) x 107°,
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https://journals.aps.org/prl/abstract/10.1103/r3v2-kmmp
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Motivation

(s
v e Radiative decay with off-shell brem photon

o K — ™z y*:LD chiral terms
o K)— ntny*:CPV
T e Complementary to electron mode (Eur. Phys. J C30
(2003) 33)
™ e Challenge: m(KQ) — m(ztn~utp~) =7 MeV/c?
e 2016—2018 search (first ever)

K° e First presented at KAON 2025
o arXiv:2511.02619 — submitted to PRD

7
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https://link.springer.com/article/10.1140/epjc/s2003-01252-y
https://link.springer.com/article/10.1140/epjc/s2003-01252-y
https://arxiv.org/abs/2511.02619

Analysis Strategy

o Normalization mode K¢ — 'z~
e Looking for both Kg and Kg — LHCDb is only competitive in Kg

e Search performed in two trigger categories
2511.02619

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

e Backgrounds:
e Combinatorial (signal)

200 —

p.. [MeV/c]

T
T T
>
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e A — pr™ (norm)
e Background model challenging
e Very close to kinematic threshold L
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https://arxiv.org/abs/2511.02619

Results

e No significant signal found

2511.02619

e 10— e Search performed for both K and KV
S | LHCb e ] S L
> r — Total fit 1 . . . .
2 8 SAfbT e ] e Difference is a lifetime acceptance
w : ““““““ Background ]
= or 1 factor
g af e Upper limits established at 90% CL
S
:% 2r B(KS — ntr ptpu™) <1.4x 1077,

obsseitd LWL 0 B(KE — 7T+7T_/L+/L_) < 6.6 X 10_7.

500 520 540

m(atautu~) [MeV/c?]
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n, N’ anomalous decays




Motivation

e 1, n'mesons are an admixture of u, d, s quarks

e Can help us inform QCD EFTs, e.g. ChPT

e BRs also important input for theory computations of transition form
factors, relevant for (g — 2)ﬂ theory calculations

e Rare decays are also subject to potential BSM mediators
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Today...

Tl ch LHCb-CONF-2025-002
September 3, 2025

Branching fractions of n and n’(958)
anomalous decays at LHCb

LHCb collaboration®

e Presenting new results from n, n' searches
at LHCb
e 2016—2018 dataset
e 1, N (UMM
e | HCb-CONF-2025-002
e First presented at CKM Workshop in Sept.
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https://cds.cern.ch/record/2942585

State Of the Art No measurements

15% uncertainty Target: First
Target: Update measurement
measurement
Channel XxPT Theoretical predictions | Best measurements of B
+,,— +0.05 —6 —6
n— utp (4.727557) X 1(J)HEP08 . (5.74£0.9) x 107°| et Ret D 110(2024)
n = utp (1.367032) x 1077 — .
' JHEP 08 (2016) 108
n — rtr T (1.571972) x 107° (2.14 £ 0.13) x 1075 ehys Rew D 110 2022)
Eur.Phys.J.A 33 (2007)
2501.10130
n—atn utu” (7.5753) x 107° <4.0x 1077
Eur.Phys.J.A 33 (2007)
.. PAS
6% uncertainty Tight upper limit
Target: Update Target: Update result
measurement
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https://doi.org/10.1007/JHEP08(2016)108
https://doi.org/10.1007/JHEP08(2016)108
https://doi.org/10.1140/epja/i2007-10396-3
https://doi.org/10.1140/epja/i2007-10396-3
https://arxiv.org/abs/2501.10130
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
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Analysis Strategy

LHCb-CONF-2025-002
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e 1, n'taken from D meson decays
o D" > yUzt&Df —» nUnt
o Normalization: Df; = ¢(u*u")n*

e Same topology as u* 1~ modes — excellent
to align selections, including BDT
e Two-track difference w.r.t. #1772~ ™ modes
e Physical bkgs:
o ¢ — utu leakinginton’ — putu~ upper
masses (kinematic refit of n' mass)
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https://cds.cern.ch/record/2942585

Candidates / (2.3 MeV/c?)

Candidates / (2.3 MeV/c?)

Analysis Strategy (ll)

LHCb-CONF-2025-002
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BR(¢p — utu~) is largest source of syst.
uncertainty (~5%)
BDT to fight combinatorial background

e Applied on y u~ normalization modes

(similar topology)

e Notonz 7 "™ norm samples
Simultaneous fit to both D meson modes

e Signal — double-sided Crystal Ball

e Bkg — exponential

Miguel Fernandez Gémez

XVII CPAN Days, Nov. 20, 2025

18


https://cds.cern.ch/record/2942585

Results (u)
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Results (rmuy)

LHCb-CONF-2025-002
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Search for yJ excesses

e Used large statistics in ' — #tzn~u* ™ to look for u™ = BSM

resonances
e Search conducted in steps of 50 MeV/c? between

m,, € (250 — 500) MeV/c?
e No significant excesses found — upper limits established for each

LHCb-CONF-2025-002

mg [ MeV/c?] 250 300 350 400 450 500
B upper limit at 90% CL (x1073) 29 1.5 0.8 0.7 0.4 0.3
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Towards the future




Look out for...

e Massive improvements in low-pT measurements
o New K¢ — utu~ result
e Interestin other Kg decays (electrons, LFV, 7%+ u~, etc.)

e New X results
e Run 3 could bring first evidence of ' = u*u~
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Conclusions

e LHCb is highly competitive in strange physics

e Only experiment providing Kg results

e Can improve/update measurements of known rare decays
e This informs QCD
e (Can veto BSM models

e We are just getting started
e Removal of hardware trigger will allow large efficiency

increases
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Backup




Sigma+ Motivation

e Veryrare FCNC
e Dominated by LD contributions

e BRCY - putu™) = (1.8 —5.8) X 10™% prysreun 111 (2025) 1
e Attracted attention in the 00s when HyperCP reported first evidence,

with potential hints at =* — p(X? — u+ ™) phys.RevLet. 94 2005
e |LHCDb has performed two searches

e Run 1 search (3 b1, physReviet 120 2018) 22)

e Run2search (5.4 b1, phys Rev. Lett 135 2025))
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.013003
https://doi.org/10.1103/PhysRevLett.94.021801
https://doi.org/10.1103/PhysRevLett.120.221803
https://journals.aps.org/prl/abstract/10.1103/r3v2-kmmp

N, ' measurements

e S s B s 2y e s B | — T T T T e B i AR T B T
LHCb (2025)
—_— ChPT
5.30+0.34 LHCb (2025)
I— —
2.8+0.23
World Average
5.7+£0.7+0.5
SATURNE II (1994) BESIII (2024)
———
5.7+£0.7+0.5 2.14+£0.13
SATURNE II (1993)
5.6:08+0.5
BESII (2021) |+ & ChPT
SERPUKHOV (1980) 1.94 + 0.37 VMD
------- Hidden gauge
6.5+2.1 gaug
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
3 4 5 6 7 8 9 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

BR(n—u*p=) [x107°]

BR(y—a* = p* ™) [x1075]
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Systematic Uncertainties

LHCb-CONF-2025-002

n—ptp” |0 sptp \nortrpteT | n ot pteT
Source D+ Df | DY Df | Dt Df Dt Df
F

Blfg;()jff:) 34 34 |45 35 [34 34 |45 35
B¢ — ptu) 5.1 5.1 5.1 5.1

Trigger 09 04 |02 03 |53 1.7 2.7 1.7
BDT 06 14 |43 14 | — — 0.9 1.3
PID 02 02 |01 02 |17 1.8 1.0 1.1
Tracking 22 22 |22 22 |33 3.2 3.2 3.1
Mass model 1.1 5.3 — 1.6

Simulation size 0.4 0.5 | 0.8 0.9 1.1 1.9 1.5 2.9
Nyorm 30 23 (30 23 |30 2.3 3.0 2.3
Total 73 71 |93 76 |96 8.2 8.8 7.9
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https://cds.cern.ch/record/2942585

n,n' BF Computations

LHCb-CONF-2025-002

Miguel Fernandez Gémez

n—pp” n—ptp”
Source D~ Df D~ Df
B(D{,,~¢r™)
BTt 1.1524+0.052 2.663 +0.091 | 1.147 £ 0.052 1.139 £ 0.040
(s)
Enorm / Esig 1.427 £+ 0.011 1.384 4+ 0.013 | 1.1039 £ 0.0039 1.0941 % 0.0052
Nporm (X 103) 90.59 +£0.31 188.42+0.46 87.22 +£0.30 179.81 £0.44
a (x1079) 7.25 £ 0.55 5.30 £ 0.38 4.45 + 0.47 1.85+£0.16
n—mtrTut T n =t utuT
Source D~ Df D~ Df
B 1.152 £ 0.052 2.663 +=0.091 | 1.147 4 0.052 1.139 4+ 0.040
Bof S0 L . : : . . : :
Enorm / Esig 56.66 £0.87 65.20 £0.19 26.01 £0.28 32.09 £ 0.60
Nporm (x10%)  77.02+£0.36 125.52 +0.41 77.02 £0.36 125.52 £ 0.41
a (x1079) 432 + 41 418 £ 35 149 £+ 13 91.0+£ 7.2
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Normalization channel to > — pu*pu~

e X" — pz¥ built from MinBias
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K¢ — utp~

Phys Rev. Lett. 125 (2020) 231801

e Flagship (golden goose) of strange decays at LHCb
e Getting closer to SM prediction
e High hopes for Run 3 — software trigger is key

Candidates/(1.0 MeV/c?)
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https://doi.org/10.1103/PhysRevLett.125.231801

Ko — ptpptu”

Phys Rev. D 108 (2023) L031102
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e 2016—2018 search
e SM prediction around 10714
e LHCb set tight upper limit

B(K — ptu ptu™) <5.1x 107",
B(K) = p p ptp™) <23 x1077,

Log scale KS

111111
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L031102

