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1. The NA62 experiment

2. The main goal: BR(K* — m*wv)

3. Recent preliminary results and prospects
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THE NA62 EXPERIMENT

~200 collaborators from ~30 institutes
High-precision kaon experiment

= Technique: Fixed target & decay in flight
Main goal: measurement of BR(K* — m*wv)
Broad physics program

m Rare K* decays

m Search for LNV / LFV

Jura m Direct exotic searches

Phetograph: Maximilien Brice © 2008 CERN
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THE NA62 EXPERIMENT
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Phetograph: Maximilien Brice © 2008 CERN

2016 2017 2018
45 days 160 days 217 days

Commissioning
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upgrades

~200 collaborators from ~30 institutes
High-precision kaon experiment

= Technique: Fixed target & decay in flight
Main goal: measurement of BR(K* — m*wv)
Broad physics program \

= Rare K*decays

m Search for LNV / LFV

m Direct exotic searches

2021 2022 2023 2024

85days 215days 150 days 204 days
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THE NA62 DETECTOR
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600 MHz, 75 GeV/c beam
K*(6%) | m*(70%) / p(24%)
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600 MHz, 75 GeV/c beam
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600 MHz, 75 GeV/c beam Spectrometer Trigger and timing
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600 MHz, 75 GeV/c beam

Beam spectrometer " / u* identification

Fiducial volume (60 m)

Calorimeter

A
v

e
——

Trigger and timing

Spectrometer
K+(6%) / TI'+(70%) / P(24%) Upstream Large Angle
T 4 vetoes photon Veto
£, STRAW CHOD
] LA
_ TIO
. FH T
1 Target ( \
0 ——— CHANTI Vacuum
oy
| SPS protons
5 ) 400 GeV/c on Be LKr

Small Angle
photon Veto

T T T 1 I T T I I T 1

T T T T ! |
0 100 150 200 250
[JINST 12 (2017) P05025]

R. FIORENZA - 17/09/2025 HQL2025 - BEIJING

Y



K¥ — 117V

ANALYSIS OF 2021 — 2022 DATA
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THE K — mmvv DECAY: THEORY

BRx1011 K* — vV K, — movv

D'Ambrosio et al. 786 + 061 2.68 + 0.30

Buras et al. 860 + 042 2.94 + 0.15
10.6 739l £0-96c <220

Experimental status NA62 2016-2018 KOTO 2021

= FCNC s — d, highly suppressed

®  Theoretically clean, dominated by short distance
= Hadronic form factor extracted from K* — m%¢*v
®  Choice of CKM parameters affects the SM predictions

m K — 1vv constrain the unitarity triangle

= Highly sensitive to new physics
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EXPERIMENTAL STRATEGY

Main K* (bkg) decay modes m

K* — p'v 64 x 102
K* — 21 x 102
K¥ — i 5.6 x 102
K* - mtme'v 43 %10

Keystones

=  O(10%) bkg suppression from kinematics
= > 107 muon rejection
= > 107 10 rejection

= O(100 ps) timing between sub-detectors

J
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SIGNAL EXPECTATION
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UPSTREAM BACKGROUND

TCX Collimator

. Signal in-time with true K which decays upstream

Suppression

. Signal in-time with pileup beam particle

® At between K*and 1 reconstructed tracks
= Upstream vetoes (VC, CHANTI, ANTIO)
m  BDT using spatial infos of K*, i*

Bend4A

Bend4 Bend5

Vacuum Tank

Fake \r‘tﬁx‘

O

Estimation

= Fully data-driven

Scattering af STRAWA1

Do, = "Upstream Reference Sample"
contains all known generation mechanisms

= Bkg-to-signal probability from data

Validation

= 10 independent samples
N(U pStream) =74 J_r%g enriched with different mechanisms
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BACKGROUND SUMMARY

K* — m*mo(y)
K* — phv(y)

ot —

K¥ - '

K¥ - ' e'v
+ +

K" — mhyy

Kt — m0f*v

Upstream

2.1

SM signal

0.83 + 0.05
1.70 + 0.47
0.11 + 0.03
0.89 1033
0.01 + 0.01
< 0.001
74134

991 +0.34

-

VS+B

S ~ 0.5

~N

similar to analysis of 2018 data
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Extensive data-driven validation of background estimations

CR1 CR2 CRmu CRmu2 CRmu3 CR3pi CR3D
Control Region
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SIGNAL REGIONS

= Expected SM signal: 9.91 + 0.34
m Estimated background: 11.0 * %;;
= Observed: 31
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COMBINING RESULTS: 2016 — 2022 DATA

$ Novs = Nexo(s(8)+b) ENexp(b)
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& gof T 10P2:i~i 2018 S2 . 2021 -2022
@ F S SHA Y :
\_]A 8;_ 1 ' [ o B E ESE
“g?: 75 ~——— SM[JHEP 09 (2022) 148] ° g— : o0
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o - : . - & 6— - [ ] (N ®
5:_ - L . . 1
= 26 Z -1
S 4L -
S 4— -
O 3 B
k% oF R
© < i
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BRyo16202 = (13-0+ 3) x10-11 = (13.0 139|.... 13|, %10

stat —1.31sys
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THE GLOBAL PICTURE
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OUTLOOK

Final dataset projection (2016 — 2026):

>60 SM K* — m*wv events, >120 candidate events
(assuming same N_, /day as 2024, same B/S as 2022)

————  Published results

Work In Progress
—— Projected

12016, 45 days, PLB 791(2019)156

2017, 160 days, JHEP 11(2020)042

60 2023-2024, 325 days, WIP /

Dataset 2022 | 2023 | 2024
Number of spills [10?] 326 | 363 [-519
< Beamintensity > |GHz| | 0.577|.0.48] 0.41
< Ny /spill > [107] 19 T 47 | 44
N [1072] 23 | 25 | 33
ERV 0.63 | 0.68 | 0.73
Ny 8 9 13
N, /spill [1077] 25 | 25 | 2.6
Biotal/Nows 11 | 11| 1.0

[2025 SPSC report]

Cumulative expected SM K" — 7" vv events

.

12018, 217 days, PRL 127(2021)131802  /

/
=
/

/

| ¢
LLS2 f- A 2025-2026, 320 days, projected

2021-2022, 300 days, JHEP 02 (2025) 191 |

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

R. FIORENZA - 17/09/2025

Year
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Target:

3x currently published statistics,
<20% BR uncertainty
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https://cds.cern.ch/record/2931958
https://cds.cern.ch/record/2931958

1. K¥ - prvptp~
K* — e*vy (SDY)
RECENT PRELIMINARY RESULTS Y

[KAON2025 CONFERENCE]

K* - 'y

W N

K* — m*f*£~ (prospects)
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https://indico.cern.ch/event/1485702/

ANALYSIS

Inner Structure o — 10
-+
Bremsstrahlung ¢ Dependent _ hS —e- Data
v >
(1B) (SD) e 8 10t
K+t K+ 8 )
, S 10
— 4 .
! S
o 107
Ve o+ =
L

—
o
T

[' Dataset: 2017 — 2024 A 10
= Ng=14x10" (EJ 1.2
" Normalization channel: K* — m*p*p~ 3 1']|
= Signal data candidates: 8227 S 0.9 _ .
o 0.8 ; ;
= Background contamination: 892 £ 11, * 54, —0.01 -0. 005 0 0.005 0.01 0 015 0.02
\' Bkg mechanisms: 1 decay in flight, mis-ID y m2. . [GeV?/c’]
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PRELIMINARY RESULTS

g % -~ Data . K —sutvurus . K> |:| K'—smus .K"—m’fn—u’fv )
o sl First observation of last missing K* — £*v£"£'~ decay
D, E
2 = Spectrum agrees with O(p®) ChPT prediction
5 L -
10 §_ T
— I
- xPT i
10 = NPB396 (1993) 81 | -
— 1
B 1
ni Lattice QCD |
= PRD105 (2022) 114507 '@ i
— 1
107 'E Lattice QCD i
Q 12 PRD105 (2022) 054518 ! ®
1
s 1 o .
S 88 : NA62 Preliminary I—?—l

1.15 1.25 1.35 1.45 1.55
BKT > putvutu~) [1078]

BR = (1.301 £ 0.017,,, + 0.012 . * 0.012,,) x 108 = (1.301 £ 0.024) x 10~®

R. FIORENZA — 17/09/2025 HQL2025 — BEIJING A. Tomczak's talk at KAON?2025 15



https://indico.cern.ch/event/1485702/contributions/6584990/

K* — e*vy (SDY)

Inner Y Structure
Bremsstrahlung ot Dependent 7
(IB) (SD*: y helicity) R, =T[K* — e*vy (SD*)] / [(K* — p'v)
T Tl T T T
K* o
y ChPT O(p*) (2008)

ChPT O(p°) (2008)
/"= Dataset: 2017 — 2018 —e—s
= Normalization: K* — e*vm? KLO.E (2009? |
= Backgrounds: " Lattice QCD (2021)
K* — e*vrf, K* — e*vy (SD7), K* — e*v, K* — mr*r® ———
= Kinematic selection: X = 2E."/m, > 0.2, Y = 2E "/my > 0.93 Latico SEIIER25)
(where SD* dominates) E36 (2023)
= BR[K* — e*vy (SD*)] = (0.466 * 0.006) x 10>
= 3.5x improvement in statistical uncertainty NASE Prellmlnary (2025)
= B/S ~ 0.4% contributes little to total uncertainty P TR T I T T Y
Q R, precision improved 10x wrt to PDG average / R, x 10°

R. FIORENZA — 17/09/2025 HQL2025 — BEIJING A. Romano's talk at KAON?2025 16



https://indico.cern.ch/event/1485702/contributions/6616628/

"« Dataset: 2017 — 2018

®"  First measurement in 10 < E*Y/ MeV < 30
= Normalization channel: K* — i m—
= Bkg < 0.2% for E*Y > 10 MeV

\ " Good agreement with OKA and with theory

J

10*

10°

10°

Events / (0.2 MeV/c?)

10

1

Data/ MC

0000 s
BoNwoLLbvwe
)

490 495

R. FIORENZA - 17/09/2025

505

EILLLAT ]
M(3my) [MeV/c?]

HQL2025 - BEIJING

10 20 30 40 50

60

E* [MeV]

Z. Hives's talk at KAON2025
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https://indico.cern.ch/event/1485702/contributions/6585023/

K* — ¥l ¢~ PROBING LFUV

FINAL DATASET PROJECTIONS

..I (Z}entrallvalueI and totall er‘rorls I — Cl,er;trél ;alluaa: a‘nd‘toltallerlro‘rsl l —
Statistical+systematic errors . . + T T T I — e e e e e

Statistical errors only Stat!st[cal+5ystemat|c errors ..S 05— o NAB2 (2022, mup) I
~——— PDG average (2022), without NA62 result —— Statistical errors only o) 2 o NA48/2 (mee) I
=== PDG average (2024) === PDG average (2024) QE_, L 68% CL contours: 1
' | |CEBRNPS(1975 | B — —- EB865 (nee) (stat. only) []
E865 (2000) O = CERN PS (1975) i 1
430 events s §;i 41 events o —-0.6— N NA48/2 (mup) i
b g FL N NA48/2 (nee) |
HyperCP (2002) . o - E777 (1992) § i mggg %2:)52&%#)% ):
110 events §§ i 500 events 5 i e NAGS proj ; s TTULRL) |
o S _0.7— L f (projection, nee)|l
NA48/2 (2011) o E865 (1999) £ - -
3120 events i 10300 events 5 i :
o L i i
NA62 (2022) 1 NA48/2 (2009) —0.8+ _
27679 events i 7253 events - |
NA62 (projection) || NAG62 (projection) i :
100000 events n 100000 events 09 N
[?entered on PDF 2024 Value] |§§ 3 L 1 I 1 1 1 | I:Ice'l‘ltelre‘\:’ qn II:’DIG I20%4 Nalluel:I | | | I T I | ’ — —
7 8 9 10 11 1 1.5 2 2.5 3 3.5 - s
B(K* - p p) x 10° B(K'* — mtete) x107 - i
—1 — NA62(projection, n£¢) : -
Expect >100k events per channel, : ElllpseT centered on latest resul|ts | ‘ E
| | | | || || | | L1 1 L1 |

with negligible background
and ~0.3% syst uncertainty

-0.64 -0.62 0.6 —0.58 -0.56-0.54 -0.52 0.5
Form factor parameter a,

R. FIORENZA - 17/09/2025

K. Massri's talk at KAON2025
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https://indico.cern.ch/event/1485702/contributions/6584995/

CONCLUSION

= NAG62 is collecting data until LS3, producing the world's largest multi-purpose sample of K* decays

= First observation of the K* — m*vv decay
= BR(K* — m*w) = (13.0 #33) X10" is the smallest BR ever measured at 5o signal significance

= Expect <20% precision with the final 2016 — 2026 dataset
=  First observation of K* — p*vu*u=: BR = (1.301 + 0.024) x 108

m K* - efvy and K — r"fr*r—y studied with unprecedented precision
Y Y P P

®  The final 2016 — 2026 dataset will allow for stringent tests of the Standard Model, stay tuned!

R. FIORENZA - 17/09/2025 HQL2025 - BEIJING 19



CONCLUSION

= NAG62 is collecting data until LS3, producing the world's largest multi-purpose sample of K* decays

= First observation of the K* — m*vv decay
= BR(K* — m*w) = (13.0 #33) X10" is the smallest BR ever measured at 5o signal significance

= Expect <20% precision with the final 2016 — 2026 dataset

=  First observation of K* — p*vu*u=: BR = (1.301 + 0.024) x 108
m K* — e'vy and K* — "~y studied with unprecedented precision

®  The final 2016 — 2026 dataset will allow for stringent tests of the Standard Model, stay tuned!
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THE K — mmvv DECAY: BEYOND THE STANDARD MODEL

Correlation between neutral and charged channels

= Model independent

BR(K, — W) / T, —
3 0
BR(K* — m*wv) / T+ =1
= New Z' boson ~N
N
= Minimal Flavour Violation: Z' with CKM-like structure s
m 7' with pure LH / RH couplings 1
=
= General Z' o

= |eptoquarks

= New physics in lepton flavour

20

'—l
ul
T

10f

Ay or Ap only:

A, +A, | x|AY
General NP M
M,

0 10 15 20 25

B(Kt — nvi) [10_11]

30



2016 — 2018 DATA RESULTS

Expected background

[—
[\ ]

Ob dd
i served dat = Single Event Sensitivity: (0.839 + 0.053, ) x 10"

:2016520175 S S2 " Expected SM signal events: 10.01 £ 0.42, . *1.19_,

= Expected background events: 7.03";%,

Number of events
[
]

=}

: = Observed events: 20
6 — ———
4r
i + + _ _ 11
2 BR(K —n VV)1I\16)?\|-%27+18 - (1 0.6 14308 stat + O‘9syst) x10
0 Lok AR

0 1 2 3 4 5 6 7 8
Category



2021 — 2022 DATA RESULTS

10 +Nobs —Nexp(S(é)+b) INexp(b)
—~ 'VE %
& 9f c 10— Fit to. ™ momentum with a
<D o )
0 8C . o i profile likelihood ratio test statistic
“5: 7; — SM[JHEP 09 (2022) 148] © 8~
=k ~ SMI[EPJC 82 (2022) 615] o F
£ 6 —— NA62: 2021-2022 Q .
R = i — i E 6 ¢ —9 — o ¢
Ty > [
= 26 Z I
< 4 -
o F 4— ¢ —t
o 3F C
Az oF i
© — L
e 1o 2
% I
ﬁ) 0_ I B R B R 0— \ | | | |
0 5 15 25 30 35 15-20 20-25 25-30 30-35 35-40 40-45
B(K+—>n+vx—z)>< 10" Category (" momentum range [GeV/c])
—_— +2 . oo .
N, = 11.0 NG =31 —— Significance: 3.6c

BR2021—2022 = (1 6.2 J_’ig) x10-11 = (1 6.2 f}g stat ﬂi syst) X101



2018 DATA SUMMARY

Signal Background
Subset S1* Subset S2* Background | Subset S1*| Subset S2*
Nyr x 1077 3.14 11.6 a0 0.234+0.02 | 0.52+0.05
Apr X 102 7.62 +0.77 11.77 £ 1.18 W 0.19 £ 0.06 | 0.45 % 0.06
Arvp % 102 3.95 £ 0.40 6.37 £ 0.64 rtr ety 0.10 £0.03 | 0.414+0.10
€ty | 0.89 + 0.05 0.89 + 0.05 L 0.05+0.02 | 0.17 4+ 0.08
ERV 0.66 £ 0.01 0.66 £ 0.01 uSelel < 0.01 < 0.01
SES x 101 0.54 + 0.04 0.14 + 0.01 ml Ty < 0.001 < 0.001
NP 1.56 & 0.10 & 0.19¢x; | 6.02 & 0.39 £ 0.72cx¢ Upstream 0.5470:39 | 27609
Total L117550 | 4.317032




VETOCOUNTER & ANTIO

Cintiffator tite5-& SiP

[FELIX readout: Streaming Readout Workshop talk 2021]

Coll. (TCX)

VC3

e Detect particles from
decays upstream of final
collimator.

e Factor ~3 rejection with
~2% accidental veto.

ANTIO

e Detect particles up to
~1 m from beam line.

e Reject ~20% of
upstream background
with <1% signal loss.

[SPSC report 2023][EP Newsletter, Dec21]
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LS2 UPGRADES SUMMARY

®m New VetoCounter & ANTIO \

= New GTKO station + GTK2 rearrangement
= New HASC2

= |mprovements to trigger system

® |ntensity increased by 50% (400 to 600 MHz)




HASC2 ADDITION

LAV12
STRAW - STRAW RICH
MUV1,2

Photon interaction
with RICH flange

Iron wall

. HASC1

K* — mtm0 -30%
K* - -18%
K* — p*v -3.5%
Signal -1.5%

C2

SAC

3

'e -+




BEAM INTENSITY
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2022 data
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OPTIMUM NA62 INTENSITY

><10‘§ | | |
- Slope dependson |

: Uncertamty
. ofthe

30 = at0| ____________________ | model AAAAAAAAAAAAAAAAAAAAAA / \

= Saturation due to paralyzable dead time
p /]| — ______________ » TDAQ dead time
= Trigger veto
= Offline veto
......... = Operated at 75% intensity (450 MHz)
‘ | since August 2023
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2021 INSTANTANEOUS BEAM INTENSITY
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«00- >1 second into the spill
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Folded event timestamp [25ns] Folded event timestamp [25ns]

Removed first 1s of 4.8s spill in 2021 data



SELECTION STRATEGY

Normalization: K* — mr*m?®
4 ) m" momentum range: 15 — 45 GeV/c, in 5 GeV/c bins

= Normalization trigger: p* veto, K* tag
= Require one downstream particle . -
. — . 2 - 3n
= 11" identification (u* rejection) S 01—
Q -
= Match K* track in GTK % 0.08 §
N.E : P :
= Reconstruct vertex and m2.. 0.06 [ 3 y
. B . - — 1 3
\. Upstream actIVIty veto ) 0.04 . Reglon 2 X ] Control regions E 0
Signal: K* — m*vv 0.02 Hzzo : 1
- N — . - — 10
= Signal trigger: u* veto, K* tag + LKr and LAV 0 Region 1 Jontrol regions
veto _ [Control o
—0.02 B regio_n ” . — g
= Same selection as normalization v oocanr 10
. .. _0.04 [ i A |-| ce oo by by b by
\ ®  Photon and multiplicity vetoes ) 0 10 20 30 40 50 60 70

7" momentum [GeV/c]



KINEMATIC REGIONS

Z
%

— 0.15
o
S
(D)
9)

o 0.1
o
|
n_!

I 0.05
NE'E

0

-0.05

Signal regions

Control regions

Background regions -

PpOR

72, 755777777777 R

CRmu2

45

Track momentum [GeV/c]

e Signal regions:
e Control regions:

e Used to validate background
predictions.

e Background regions:

e Used as “reference samples”
for some background
estimates.



PARTICLE ID PERFORMANCE

Calorimetric RICH
(LKr + MUV12 + MUV3)

4 N

% ¢(x' ID) | % P(w'=n* misID)| .- ; % ¢(x' ID) [—#— P(u'=n* misID)]
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0 rejection inefficiencyn
=

1079
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©t momentum [GeV/c]

PHOTON VETO PERFORMANCE

Control sample of K* — mr*m®

o = (1.72 £ 0.07) x 108



BAYESIAN K - m MATCHING

e Inputs: spatial (CDA) & time (AT, ) matching, intensity/pileup (N;7x) [prior]
e Models for PDFs/Prior from K* —» ntntn~ data.
o 0.5p : @ 3 — ~ T
-"é‘ 0-45; ; — Kaon decays g L Kaon decays ZSO. -
2 04 225 [ Pllevp “s08
% - g N n-..Q07E_.§.
< =% S o0s
1.5 %’ 05
S04 BERRRRNR AR
1 | : E 0_3; ,,,,,, A0 0 L O I .
L S N S — A 0.224g e P prtor(NGTK;)g o
: : | 5 - | P (AT+) O o e
Od‘ — ‘5' ‘ 1b — '15' — ‘20‘ — '25 30 0 ‘_I1' — fgg —— 6 — \0? —— ‘ : 055 al 4' 55 7‘ e‘ 9‘ rc‘;rly r,i:r\lgrl;f‘srézlyrjgrée(l)e;aéejgal, 25
CDA [mm] AT+=‘I-L2(AtKK+AtBE)[nS] Ntk

‘v

e Output: posterior probability of GTK track = true K +
e Use likelihoods of kaons (K) and pileup (P)
e Likelihood ratio used to select true match when Norp > 1
e Efficiency improved (+10%) and mistagging probability maintained.




BAYESIAN K - m MATCHING

e Output: posterior probability of GTK track = true K +
e Use likelihoods of kaons (K) and pileup (P)

e Likelihood ratio used to select true match when Ngorp > 1

e Inputs: matching in
space (CDA) & time (AT)

Prior: pileup (Ng7k) ——
e Models for PDFs/Prior from p ) 0
— - 0 — —_—
K* > ntntn~ data e=80%  Prjstag= 67 Pm15tag 2%
) 0.5 g E g 0.15 ——a—— Mistagging, K" not reconstructed in GTK
:.é 0 45:_ — Kaon decays §0.95E_ §0 09; ——e—— Mistagging, K* reconstructed in GTK
= o — Pileup B 0.9 2008
E 0'42\ ' 0,85 g 0.07¢ e e o e
£ 0.35; 0.8- e S 0.06] L
< = E : e E E=isew J
0~3: K - - N - g 0-75;_ ' +*++ 0.05; oh : '
025 \PX(CDA) " s T [ =
0.2 ; | 0.65- 0.03F |
0.1 5; 0. 6; 0_02; _.J.__.__.__,_,_._.—o——’—,_"'_F
ot N SAS ] T A
0.05F %o 400 500 600 700 800 900 1000 ¢ 400 500 600 700 800 900 1000
S o Instantaneous beam intensity [MHz] Instantaneous beam intensity [MHz]
00 5 10 15 20 25 30
CDA  [mm] v
e Efficiency improved (+10%) and
mistagging probability maintained.




SIGNAL EXPECTATION

S BR(mw) Ap,
N = New D BRrm) A Eerig ERv

I (1.953 £0.005) x 108 analysis of 2018 data:

13.4% 11.8%

(7.62 + 0.2)% (6.37 + 0.6)%
(85.9 + 1.4)% (89 + 5)%
T (63220.6)% (66 + 1)%
@ 600 MHz @ 400 MHz

Improvements wrt analysis of 2018 data:
= Retuned selection and reconstruction
= New trigger configuration
(common conditions lead to cancellation of systematics)
= X2 signal yield per SPS spill, X2 better SES precision

R. FIORENZA - 17/09/2025 HQL2025 - BEIJING

Effective kaon decays

N, = N D

_— T = 12
<= BRESA = (285 £ 0.01) x 10

Single Event Sensitivity

SES = % = (8.48 + 0.29) x 1012

TTVV

2016 —2018: (8.39 = 0.54) x 10~

NSP = 9.91 + 0.34

2016 —2018: 10.01 £ 0.42

37



2 [GeV?/c*

BACKGROUND K* DECAYS

—0.02

—0.04

—-0.06
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2 Signal regions

: R S Y | G ¢ i | AR R |
_=‘ S R — N — N — N T [N N — ‘
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Track momentum [GeV/c]

D Background regions

Events in "m0 region
after selection

Noo(SR) = N(TT*11) fororo(SR)

!

!

K* - t 1° events

in signal region

Ratio of events in "1 region to signal
region, measured on control sample

e
K+
K+
=
e
|<+

— mo(y)
— Wv(Y)
— T
— ety
=YY

— mol*y

kinematic tail fraction

0.83 £ 0.05
1.70 £ 0.47
0.11 £ 0.03
0.89 93
0.01 £ 0.01
< 0.001

- data-driven

- estimated with MC




MUV1/2
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102

10

1

My cluster mis-ID as "

Not included in kinematic tail control sample
Particle ID performance degraded at high intensity
Veto: m?2 =(P¢-P,-P)*=0

Miss, vy

N(K* — p*vy) = 0.82 + 0.43

Before veto, found excess of events

in Region 2 wrt 2016-2018 data

K* — p*vy identified as background

and studied with control samples and MC
Veto added to selection for final analysis




KINEMATIC TAIL FRACTIONS

K* — m*1° control sample K* — p*v control sample
" (0 tagged in LKr) (u* tagged in LKr and MUV)
E 6 E | - A” reglons | "% 106 ......... ....................... | ............. I ........ I ........ ;gl‘: rT:{gzionS .................... I ..................
O 10°F > | ,
- | | meRe 5 0 T T\ O T
5 105k | T : I B i B
5 | / | CR1,CR2 | | Ny . L monme | o
c 10°F I | W CRmu3 I = | | |
-} -
= - | BCR3ID |, | el R S A S —
10°F | | | |
1 02 E? | [T F } ............ I ..................
= | : : i
1 0 | 10 =& ___________________________ ___________ I __________________
: | L || by
—1 ] | ~ i i
107" 002~ 0 002 004 006 0.08 10 002 0 coz 00s oos 008

ME o [GeV?/c m2,.. [GeVZ/c]

N(K* — p*v) = 0.87 + 0.19

N(K* — %) = 0.76 + 0.04



UPSTREAM BACKGROUND ESTIMATION

N(Upstream) = ¥, Nyrs(i) fepa Poacen() | Nugg =51, cpp =020 £ 003, () =73% |

........ . a\. 1

_____________ 08
N |z
________ N Y
| ps
________ NN .Y
5 i : ; : : 5 i : 0.3
0.2

match

= i: bins of (AT, Ngtk)

m  Upstream Reference Sample: signal selection but bad CDA

= Contains all known upstream background mechanisms

15

®  Provides normalization

fepa: ratio of bad CDA events to good CDA events 10

= Extracted from the URS

= Depends on geometry only

m  Extracted from normalization data |||||

0 0050.10.150.20.250.30.350.40.450.5
IAT__. .1[ns]
— 2.1 match
N(Upstream) = 7.4 *4-3

5 ............. | : .............
P acch: Probability of passing K- matching criteria - I

0




UPSTREAM BACKGROUND ESTIMATION
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K* — m'm~e*v BACKGROUND

From PDG: 4.3 x 10~ From MC: (1.3 £ 0.3) x 108

BR(trrTev) A
exp — " Mrmev
Nimev = Now DBRmm) AL €

= 0.89 93

trig ERV
TITT
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...NOT ONLY K* — 1m*wv

Precision measurements

= K* — mutpe JHEP 11 (2022) 011

= K* — mle*vy JHEP 09 (2023) 040

= K* — me*e—e*e” PLB 846 (2023) 138193
= K* — myy PLB 850 (2024) 138513

Forbidden decays

= K*— = £*¢*PLB 797 (2019) 134794

= K*— mpe* & m® — p~e* PRL 127 (2021) 131802

= K* — 7 (m%)e*e* PLB 830 (2022) 132172
= K* — p-ve*e* PLB 838 (2023) 137679
= K* — mOmpe PLB 859 (2024) 139122

Invisible particles

= 19 — yA' JHEP 05 (2019) 182

= K* — e*N PLB 807 (2020) 135599

= 10 — inv. JHEP 02 (2021) 201

= K* — p* +inv. PLB 816 (2021) 136259

Dump mode

[
= A'— p*u~ JHEP 09 (2023) 035
= A'— e'e” PRL 133 (2024) 111802
= A' — hadrons arXiv:2502.04241

&

Neutrino tagging:

@ 863 (2025) 139@




dBR(K — evy)

K* — e*vy KINEMATICS
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