- > =

e -~ i . »

rﬁ-luly 20.25 P 'aré d_ -
SN S @ Lol

= o
13

EEH

{f

‘ .

bserV‘&t»:an_af the decay K*> t*vv and
easurem?t of its branching ratio
the NAQexperm}ent at CERN

n Angela Romano,\LLmverstVWham
SV nalf of the NA62 Collaboration



The NA62 experiment

High precision fixed-target Kaon experiment at CERN SPS

300 participants from 30 institutions

Sl i I
““ — h% o

NA62 Beam line & detectors

NA62 primary goal Measure BR(K+ - 1tVV)

Novel K* decay-in-flight technique

Gram Samer (1)

—— Runl results: [PLB791(2019)156, JHEP11(2020)042, JHEP06(2021)093]

Angela Romano, EPS-HEP 2025, 10-07-2025



NA62 Timeline & Datasets NAGZ )

NA62 Run 1 (2016-2018): NA62 Run 2 (2021-present):
» 22 x 1017 protons on target (PoT) delivered » ~1.5 x 106 spills collected
> 0.9 x 10° spills collected
'S NA62 Timeline
- C
o -
‘)‘(‘ 6 2008 - Physics Approval
~ 50 f
% - 2009 - 2014: Detector R&D, Installation
a “F 2015 Commissioning
-
S /E
06-2018: NAGZRun Y
SN
O\
= \.F | | | 2021 — 2026: NA62 Run 2
2810372023 1411172023 03077202
A A
! NAG62 Run 1 ! ' this talk NA62 Run 2 ‘
>30 K*—ntvv evidence
LS2 2021 2022 2023 2024 2025 2026 }
upgrades 85 days 215 150 204

days days days
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> NAG2
NA62 Physics Programme o

\

| NA62

i |

I ~ 1 5
u Flavour Physics } u Hidden Sector } J Neutrino Physics }
(- : N ( — (7 I =~ ( I N : ~
Search for NP at the EW Search for NP below the EW (1 N
earcal Or'th a bei xPT and Lepton Searches for lepton soalts (WG T el Brratina et
scale with sizeable Universality tests flavour and number led to SM particles vi P .
coupling to SM particles B violation (LFV, LNV) dcpup ?1 02 pé}li 1€ eslylad principle of Neutrino
via indirect effects in loops: measurements of || | - Rare and forbidden Irect detection ot long-live Tagging technique
" : particles: using NA62 layout
Golden mode: K* -> m*vv; K* decays (|  decayanalysis N
NG i i) N ) / \_ HNL, Dark Photon, ALP.. | "\ J
pn . K" - mtyy K* > atl*l- K* - uvetet K'->n'X (4" > l+l‘_‘
This tall + 0.+ K* - ntpFet K+ 5 npnleter K -UN IN - 7Til+i K* 2> utv,
K™ ->m e vy K+ > Ut K* >mraa,a—>ete- \__u__s

K* =2 ntvw
\ J \ J ]

|

n -
Talkby V. Duk on 07/07 (T07)  NA62dump a1 by M. Perrin-
S configuration reyrin on 11/07 (T03)
" (L 40 Talk by I. Rosa
— on 07/07 (T09)
4
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Box & Penguin (one-loop) diagrams

S W v S
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Theoretically very clean:
v" dominant short-distance contribution

K-nvv in the Standard Model

- NAB2

v FCNC process forbidden at tree level
v' Highly CKM suppressed (BR ~ |Vs*Viq4|2)

v' Extraction of V.q with minimal (few %)
non-parametric uncertainty

v' hadronic matrix element extracted from precisely measured BR(K* — ne*v,)

 SM predictions: differences in calculation from choices of CKM parameters, theory uncertainty few %

[Buras et al. EPJC 82 (2022) 7, 615] [D’Ambrosio et al. JHEP 09 (2022) 148]
K+ > ntvy (8.60 + 0.42) x 1011 (7.86 + 0.61) x 10~ 11
K, - v (2.94 + 0.15) x 10~ 11 (2.68 + 0.30) x 10~11

* Experimental status:

K* ->m¥vi NA62: (10.6%%1) x 10711 [16-18 data sHep 06 (2021) 093];
K, - n%¥ KOTO: < 2.2 x 1077 [21 data PRL 134, 081802]

THIS TALK [21-22 data+16-18]

Angela Romano, EPS-HEP 2025, 10-07-2025



: " VABZ
K-nvv and New Physics .

Indirect searches of NP with high precision studies of rare K decays

Measurement of charged (K*— =n*vv) and neutral (K, — =%¥v) modes allows to
discriminate among different NP scenarios

Buras, Bffttagzo, Knegjens, JHEP1511(2015 , , .
[Bu o ( Z’(5 TeV in Constrained MFV) B LFU violation
0 Z’ (5 TeV)‘: Constrqined MFV
- 1 [(ex, AMx} G20 I
— mm {AMg, AMp} @20 L
T 158 — s} L0 b sptp @20 (1503.06199) || i
= 5 | &
- 3 sl
I &
10} -
= ! [
S ) I
T z |
g s| A or Ap only: —
— leg N7 oc Im A2, / M2, ol e R
) K L(R) Al 14 0 10 20 30 40
10" x BR(K* — 77u5)
o Ceneral NP o % [Isidori et al., Eur. Phys. J. C(2017)77: 618]
0 - ‘ I ‘Z\ - - - -
0 > 10 15 20 25 30 K— mvv probes of unique sensitivity for NP
B(K* — ntvw) [1071] models among B and K decays
Correlations significantly change for different (NP searches complementary/alternative to LHC)

classes of NP models [EPJ C76 (2016) no.4 182]
Angela Romano, EPS-HEP 2025, 10-07-2025




K*— mtvv signature:
Kaon track + Pion track + nothing else

Ipw\) 2( IPK\> 2
+m2 (1= 2E0) — pgllpalo
|pK| T ‘pﬂ| |p Hp|7rK

miss

2 ..
m NmK<1—

Main kaon decay backgrounds

Process Branching ratio

Kf— ptv(v) 63.6%

K+— mtrd(y) 20.7%

Kt— ntrrtn- 5.6%
K+— mtmetv, 4.2 X 107

Sign & Bkg control regions kept blind
throughout the analysis

K'->n+vv Signal and Backgrounds

K+ decay-in-flight technique
Py

PK gl VARG
P
\\\ v
1 Pv
:1_3' %? ] 7)7['“0(‘ )
©
'—ll_‘—é"‘)-l
102 | )
|
10° k

II\ |
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‘\
: ”
10° - . i |

2 Region Il |~

g )

10 (14 Y e‘-/,,
107 111111111\'.\'111\",1" AN I
-0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 0.12

Background rejection relies on Kinematics (15GeV/c < P, < 35GeV/c ; m?,;s)
used in conjunction with Particle ID, Veto systems and sub-ns timing

- NAB2
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NA62 Beam and Detector ...

X [m] Large-Angle .
i photon Veto (12 stations)
2 —
’ Beam LAV /\
tracker

Target KTAG GTK
2= CHANTI

Cherenkov

kaon tagger
5,=70ps ~5 MHz K* Decays

Anti-counters

[NA62 Detector Paper, 2017 JINST 12 P05025]

[(
T T

Vacuum—;

Spectrometer
straw chambers

g /. [/ 74 A

calorimeter
Muon
detector

oD
Uvy, 2
on

MUV3
SAC
=1

c=70ps
STRAW C

RICH

LKr Small-angle
hoton veto
EM calorimeter P

—

T T T
0 100 150

T T
200 250

Z[m]

> SPS protons on Be target (PoT): 400 GeV/c, ~1012 PoT/sec , ~3 sec/spill

» Un-separated hadron beam: n*t(70%)/K*(6%)/p(24%)

» K*: 75GeV/c (£1%), beam spread < 100urad, (60 x 30) mm? transverse size
» 600MHz beam rate @GTK (~5MHz K+ decays in 60 m fiducial volume)

Angela Romano, EPS-HEP 2025, 10-07-2025



< > VABZ2
Measurement Strategy Q

M2ics = (Px - P,)? [m, mass hypothesis]

NA62 Performance keystones:

» 0O(100ps) Timing L ooiL

» > 103 Kinematic bkg rejection E . 1 10*

» > 108 Muon suppression “_20'08 - =
(from K*+— utv) F 006 -  IERRRRRELKS

> > 108 70 : - 0207 0u00.9909%% % 0
= T =Yy SUpPpPression = = ?é"”é:-_‘ﬁ. '\1; E 10
(from K*—> n*n?) MW KRR RARAXK] ]

_ _ 0.02 H — i
Signal selection: - = 10’
» K+ decays with 1 track in final state -

» Definition of Region 1, Region 2 _0.02 [Lresion
> PID, photon and multi-track [ e | | | | 10
. . _0.04 L | I 1 1 | | [ 1 1 | | [ T I 1 1
rejections 0 100 20 3 40 50 60 70
©" momentum [GeV/c]
Signal and Control kinematic regions Selection optimized in bins of =+
blinded during the analysis momentum

Angela Romano, EPS-HEP 2025, 10-07-2025 9



» New detectors installed during LS2:
> Additional 4th kaon beam tracker
station (GTK-4)

> New veto hodoscopes upstream of
decay volume (Veto-counter,
ANTIO)

> Additional veto counters around
downstream beam pipe (HASC-2)

» Beam intensity increased by ~35% wrt
2018 data taking [450 MHz - 600MHZz]

» Improvements to trigger configuration

X [m]

New Collimator
(2018)

Target KTAG Il-ll

R | ][]
1 2

0 100 150 200 250

Angela Romano, EPS-HEP 2025, 10-07-2025



: — - NAGZ [,
Single Event Sensitivity -

Normalisation channel: K* 2 n+n?
> Online trigger and offline selection in common for signal and normalization
> Different kinematic selection and rejection of activity additional to n* for signal

1-fraction of random

T momentum bin i 8.4x 1071 Accgptancgs Selected 7TT signal losses due to
T ato mt?rmty [ photon/multiplicity veto
NS () = o S ANy ey (ery
BR(n*1° PDG) A(r*m?)
TIT trigger Trigger
downscaling efficiency
factor

Single Event Sensitivity:
BR(K*— m*vv) for which the total number of expected events is 1

Angela Romano, EPS-HEP 2025, 10-07-2025 11



\ Single Event Sensitivity (2021-22) > WﬂEZ__Q;

1-fraction of random
signal losses due to
photon/multiplicity veto

T

TL’TE (pl)gtrlg (pl)gRV

T momentum bin i 8.4 x 1011 Acceptances Selected rmr
at O intensity
] T r [
BR(mvv,SM) c/l(m/v)

1- ey = probability of a
BR(mt*tm®, PDG) c/l(?l'+71'0)

signal event to be vetoed

nvv (pl) -

Acceptances vs nt momentum

(¥4 tmgger
downscaling
factor

fficiency

iTrgger %
e

by accidental activity

Random veto efficiency vs n* momentum

. . "
+ Normalisation, K-a'n® —8— Slgnal K+—>n vV 0.94 Trigger efficiency vs n* momentum > 1
o) 5 o 0.94— ; : : , : :
e . Tt | F O
..GQ_J- 0025,_ .................... _._. .......... 0-92_ % 08:_
8 E *—I—' 0L Qb '© i
S 002 e S T e == S P M O L - T
‘6 R —— i : : - : : : : : : i ) N
[0} I : : 5o, srones SO SO SO - ; 3 3 > L
g 0.015 1 1 086 T e
I S SN N S ST SRR S -0 ; ; ; ; ; i [ - i :
0.01 - C E L IRC+SAC veto
L 0.821- a —— LAV veto
0 005__ S O SO SO S = 0.2 —F— LKrveto
) 5 0.8 B —+—— Photon veto
= . C : —=&—— Photon + multiplicity veto
o_l 1 l N T - | 1111 I Y S I S — 1 S R - E T | I - 0 78—| 1 | [ ‘ [ | ‘ | | 1 L1 11 i L1110 ’ L1111 | L1 0 1 1 1 | 1 1 1 I 1 | 1 | | 1 | I 1 1 1 t 1 1
15 20 25 30 35 40 45 ’ 15 20 25 30 35 40 45 0 200 400 600 800 1000 1200
m* momentum [GeV/c] n* momentum [GeV/c] Instantaneous intensity [MHz]

Angela Romano, EPS-HEP 2025, 10-07-2025
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< Single Event Sensitivity (2021-22) > WAEZQQ

Neff - Effective number of normalisation events (1.953 + 0.005) x 108
Arr Normalisation acceptance N,..D, (13.410 £ 0.005)% > +15% wrt Runl (2016-18)
N, =

Ny Effective number of K™ decays  BrnArr (2.85 1+ 0.01) X 1012

Arup  Signal acceptance (7.62 £ 0.22)% > +20% wrt Run1 (2016-18)

Etrig  Lrigger efficiency ratio (85.9 £ 1.4)% > x3 better precision wrt Runi

crv Random veto efficiency (63.2 £ 0.6)% = comparable value to Runl

Bsgs Single event sensitivity (8.48 +0.29) x 1012 integrated in pion momentum

NSM Number of expected SM K+ — 7 viv events 9.91+0.34 15-45 GeV/c, 2021+22 data

1 BM

Improvements wrt Runl (2016-18) analysis: Bepg = Nexp TVV
> retuned selection and reconstruction Nk erveEtrigAmvv vy B
> new trigger configuration (common conditions SES

lead to cancellation of systematics) SM__ g4 %1011 -

VYV

2021-22: N,,,5 = 9.91 + 0.34
c.f. 2016—18 : N, = 10.01 + 0.42

Assuming B
= signal yield per SPS spill increased by 50%
= X2 better SES relative uncertainty

o N°M per sps burst: 2.5 X 1075 in 2022

mwvy

e c.f. 1.7 X 1075 in 2018 Double expected signal by including 2021-22 data

Angela Romano, EPS-HEP 2025, 10-07-2025 13



< Background to K*sntvv NABZ ),

M2 .. VS t¥ momentum Background estimations in signal regions
, validated using control regions
Miniss — (PK o Pn)z [GEVZ/C4] o Signal regions
0.12
Control regions
T escomrsns Background Events
7— ‘ ~
0.08] KR | (Kt — 7t70(y) | 0.83£0.05
CR3pi —: i > Data
| 0.06_ KT — ptv(y) 1.70 4 0.47)
: e SEit — Data
0.04] o Kt s atrta” | 011£0.03F> |,
/ Ve — 0.33
gif a2 ——mMm K,.R K = rrn=etv | 0. 89+0 27 A
| /] mu (T — Ty . :
of ////Nm V// CRmu3 K+ trn 0.01 + 0.01 == MC
- — : <K, -R
_ e _ _ : : u2 -
o0 : K+ — 70ty < 0.001 )
mu —&[—" T Trvatren (+2.1 )
_0.04l" data after signal selection, LUpbtleam 7'41_1.8 ) » Data
- except kinematic cuts Total 11 O+%'é
_0-06 15I - I20I |- I25I - I30I (- I35I [ I4OI I I45 —_
m* momentum [GeVi/c] Background estimates summed over R1 and R2
2021-2022 Data: Background regions, Control regions, Signal regions Signal Regions are blinded!

Angela Romano, EPS-HEP 2025, 10-07-2025 14



N

Background Validation " NAGZ %

Upstream background validation “K-decay” background validation
Sample accidental-enriched: “V3,4,5,6,9,10” CR1, CR2: K* — n*n0(y)
Sample interaction-enriched: “V1,2,7,8” gg?p‘;{ gfmuzl CRmu3: K — wv(y)
. . . . tter : — T
Signal region, masked: first bin “SR CR3D: orthogonal to 7+ momentum, m2, .. plane
Expected -#- Observe
0 %)
c c
o) o
3 o
510° 5
— = 2
9 210
E g
= Z
10
10 L
L S R I S
15 S,

Upstream sample Control Region

Upstream Validation: 10 independent samples enriched with different mechanisms

Angela Romano, EPS-HEP 2025, 10-07-2025 15



Expected SM signal: N>\ ~ 10

Single Event Sensitivity (0.85 +0.03)
x 101
Expected background 11.0743
Observed 31
© i NAG2 2021-2022 DATA
S0 i
@ N
2. 0.08]
8 n
t 008 | - . 4 i
0.04[ | . . .
0.02[ " E : ‘
of : . — ‘
-002] S S R R
_0.04]
—U-GE-15I L1 Igﬂl (I IEEI [ Ianl (| |35| (.| I4ﬂ| | |45

©" momentum [GeV/c]

=i "y -y
o (=] =]
3] L] B

Events / (0.0020 GeV %/c*)
=

-0.04 -002 O 0.02

K*— n*vv Result: 2021-2022

g /. [/ 74 A

[JHEPO2 (2025) 191]

1D projection with differential
background predictions & SM signal
expectation [not a fit]:

g

: ']-Datakfﬂ,,
Bk.. [k,

KF-Z‘I’ DKE::

K., | |Upstream

-|= Total background

R2

ey
T

0.04 006 008 0.1
M2, [GeV %/c?]

Angela Romano, EPS-HEP 2025, 10-07-2025
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Expected SM signal: N>\ ~ 10

K*— n*vv Result: 2021-2022

Single Event Sensitivity (0.85 +0.03)
x 1071

Expected background 11.0%53

Observed 31

NAG62 2021-2022 DATA

¥
'l

-0.02

-0.04

15 20 25 30 35 40 45
©" momentum [GeV/c]

{ I T F FRR R B |

—0.06

> ﬂﬂﬁzgg

[JHEPO2 (2025) 191]

Fit to 7+ momentum with a profile
likelihood ratio test statistics

+1.4
4

Baoo1_2022( K+ — i) = (16.2 9 t) % 10~ 11
sys

|+ Noos B Nex(s(8)+b) BNex(b) |

—t
o

|I'II]III|III|II[|

Number of events
(s ]

l | l |

|
0520 2025 25-30 30-35 3540 4045
Category (n™ momentum range [GeV/c])

Angela Romano, EPS-HEP 2025, 10-07-2025
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<K"‘—>1r"‘v17 Results: combined 2016-2022

- NAG2

Expected SM signal: N3¥ ~ 20 » Background-only hypothesis p-value = 2 x 10-7
= significance Z > 5
Expected background: Np,, = 18%3 E
: = — . 1. —-11
Observed: Ny, = 51 Baoto-aoma (K = wtm) = (1309 4] ) x10
Combination 2016-18 + 2021-22 data _
10 T 3 " # Naobe = Newp(5(8)+b) BMexp(b)
& 9 . o € tofoinizi 201882 i 2021-2022
':E-r ] E 1 Q _:-'-: . 3 . T'-: .
= 8 Lo o[NP
‘T E = SM[JHEP 09 (2022) 148] S 8- & &
= = SM[EPJC 82 (2022) 615] = Lo
£ 6 NAG2: 20162022 Q o
o 5 : g .E‘,_— : = L ] ? 't L
1 : 20 Z | 1
£ 4 ' - 2
o : 4— - - . |
o 3 : |
@ : i
® 2 o i
% L LS 2r
E 1 ] I i B i *
I—DIIIJJII | HITTE N e :IEIE | | | | | | | |
o 5 10 is 20 25 30 83 O 23 456 7 8 9101112131415
B(K'—r*vv) x 10 Category
Angela Romano First observation of K+ — n*vv at 56 [JHEPO02 (2025) 191] 18




. X > NAGZ
Result in Global Perspective -

32016_2022(K t 5 wtu)= (13.0133) x 10711

— ° BNL N i KOTO [PhysRevLett. 134.081802 (2025)]
(ARD 79 (2009) 092004] 2. - B(K,—mvv) < 2.1x107° at 90% CL
T | KOTO direct exclusion @ 90% CL
NA52. 2D1 6'2018 . . ; " Grossman-Nir limit: Br(K; — 7°v) < 4.3 Br(KT = n7wp)
[JHEP oés (2021)5093] % 10—9§ X -_-—E;;,;;;NTQW_
——] NABZ 2[]21 2022
fJHEPoz (2025) 191]
— NAE2 2D16-.=*022 1071
SM [JHEP 09 {2022) 143]
SM [EF'Jq, 82 {2022} }315]
|IIIIIIIIIIII _— E N v —
P18 1 1 11 IIIIIIIIIIII 1()[] ; -
10 15 20 B(EI; 3ﬂ+ )35 ml‘:” 50 75 100 125 150 175 200 225 250
—+ TVP) X B(K* — mtvi) x 101
> NAG62 results are consistent s
» Central value moved up (now 1.5-1.70 above SM) < ; >
0]

» Fractional uncertainty decreased: 40% > 25%
» Background-only hypothesis rejected with significance Z > 5

Angela Romano, EPS-HEP 2025, 10-07-2025 19



<) Conclusions " NABZ ),

‘ NA62 result on K* — ntvv decay using 2021-22 dataset, combined with 2016-18

First observation of K* — ntvv decay with 50 rejection of background-only hypothesis
BRyo16—22 = 13.0733 x 1071 [JHEP 02 (2025) 191]
BR consistent with SM prediction within 1.7¢

= L 90% CL
# -4 yCamerini . o
R 1UET rLjung } 2-sided 68% Range > The long quest for K*— n*vv has reached a very
+T oL — Theoretical Prediction important step: the observation of the decay!
¥ U E
o L[ | oKlems > The rarest particle decay ever observed at
197E | fCable 5 sigma level
7: vAsano .
0 E787 > NA62 2023-24 dataset of comparable size to
- ’ 2016-22 one
10 .
1079; 1M Mochaniam v NAG2 » Analysis is ongoing
" L ‘ > NA62 will take data until LS3 (summer 2026)
ol M ] * " e
10 - B Oscillations 4 12 e sospinretions 16 > Stay tuned!
—11_I | | | | | | 1 1 | | | I | 1 | | 1 | | | | | | | | | 1 | | |
107" 4970 1980 1990 2000 2010 2020

Publication Date

Angela Romano, EPS-HEP 2025, 10-07-2025 20
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¢ 2024 data-taking conditions lead
to a slightly higher signal yield
per spill:
¢ lower signal loss due to random
activity in veto detectors that

compensates the lower number of
normalization events

e increase of the overall expected
signal yield, given the smoother
and therefore more efficient
collection of SPS spills

The addition of the 2023-2024 dataset is expected at least
to double the signal yield of the already published 2016-

[2025 NA62 SPSC Report]

] WIP: 2023-24 K*—n*vv Data Analysis

NAG2

Dataset 2022 | 2023 | 2024
Number of spills [103] 326 | 363 | 519
< Beam intensity > [GHz| | 0.57 | 0.48 | 0.41
< Npo/spill > [107] 2% 4.9 | 4.7 | 44
Ny [10%] %\w-‘«"‘" 2.3 | 2.5 | 3.3
ERV WO 0.63 | 0.68 | 0.73
Nup B 8 9 13
Ny /spill [107°] 5 5 | 2.6
Biotal/ Ny 1.1 | 1.1 | 1.0

2022 dataset, with the same level of relative background

Angela Romano, EPS-HEP 2025, 10-07-2025
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! Correlations with other meson decays;ﬂﬂﬁzé‘

e New study of K™ — ¥ vV decay using NA62 o Miimal U(2), . [PLBI861 (2025) 130205
2021—22 dataset, combined with 2016—18: e o .
[JHEP 02 (2025) 191] “

® Bio—22(K™ » m¥vv) = (13.0%35) x 107
* BR consistent with SM prediction within 1.70

* Need full NA62 data-set to clarify SM
agreement or tension, considering also
correlations with other meson decay channels

(

Bo
—r—Tr

(Bt =- K*vrw)
B([)’+ — I\"é'l/l'))s‘\]

Fig. 6. Correlation between B(B* — K*vv) and B(K* — z*vv), normalized to I L
their SM predictions. The red areas denote the parameter regions favored at | N
lo and 20 from a global fit in the limit of minimal U(2), breaking (x = 1). The | 3
dashed and dotted blue curves are 16 and 2o regions from a global fit where « is Uk o < o o
a free parameter. The gray bands indicate the current experimental constraints, U 1

while the dashed gray lines highlight near-future projections assuming halved B(K* — ntwvw)
experimental uncertainties. B(K+ — mtviz)em

no
(I

Angela Romano, EPS-HEP 2025, 10-07-2025 23



< > NAGZ
Upstream Background =

TCX Collimator ,\l333
Ao
Bend4A X _ match
3 Nbg = feda E _Ni:Pi
Bend4 g L
o 3
Q
CED g Fake vertex )
o [ Bin in (At, Ngri) plane
5 /\ v N Upstream sample (inverted CDA cut)
I
\p” Scaling factor “bad-to-good” cda
attering af W1 . . .
© ] & ] E e to\| pmatch g+ _ g+ mismatching probability
>
m b
y | 1 — +2.1
.L B o Nog (Upstream) = 743}
> 7 O Signal in-time with true K+ which decays upstream. I
. Signal in-time with pileup beam particle (m*) which does not leave beam pipe

« Suppression: At (K+, n*), upstream vetoes (VC, CHANTI, ANTIO), BDT using spatial infos of K+, n*

Estimation: Fully data-driven, "Upstream Reference Sample" contains all known generation
mechanisms, bkg-to-signal probability estimated with data driven technique

« Validation: 10 independent samples enriched with different mechanisms

Angela Romano, EPS-HEP 2025, 10-07-2025 24



| - NABZ
Background from K+*->putv(y) ya)

I —
i H - Data Driven estimation
Kt >ty e z
S Tt ] Not included in K+ — u*v tail if y overlaps with u at LKr
RS (uty cluster mis-ID as =nt)
Wer -, ____
[ rr—— e Suppression: specific cuts on (Px —P, —P,)%? and E,
e Estimation: control sample of events with signal in MUV3
(Px =P, —P,)2 VS (Px —P,)? mar ble © J
— 0 = e Validation: control sample with PID between pand «
% E R1 10°
T R WS T W SLCLR 4 — High momentum background (>35 GeV/c), relevant in 21-22
[ 10* data (Calorimetric PID degraded at higher intensities)
0|-¥ O:_ ’ ...........................
s o Expected: Npo(K* — pfvy) = 0.82 +£0.43
;:}_005 ; R S L SR YRS DU TR + +
& B L e Before K™ — U™ vy veto: found excess of events at
B _ p > 35GeV/c in Region 2 relative to 2016—18 data.
_0_1—_ ..................................................................................................... 10 . Add]tlonal background 1dent1f1ed and StUdiEd in data COI’]tI"Ol
- | | | | samples & MC.
bt e b TR W 0, L, i, B ® K — uTvy veto added to selection criteria for final analysis.
-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

mﬁﬂss = (PK - Pn)z [GeVQ/c“]
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Background from K+>r*n® e

Data Driven estimation

« Background suppression based on kinematics and photon vetoes

« Fraction of kinematic tails in SR region estimated on data on a sample selected
tagging positively the 7° via photons detected in the calorimeter

2] — .
. . < 6 C | — All regions | |
Number in SR evaluated as % 10°F \ }ﬂ B R, R2 |
‘5 105|;_ | e [
Events in mr*m° 3 1045 | / \ 221’ (;Rz ‘[
region after EE | - CR;"[L)' |
selection < 0%k | |
- | l
2
Nrers(SR) = N(ITTE) freno(SR) i {
10 |
K+ — 1t 10 Ratio of events in mt*1t region to |
events signal region, measured on control 1
in signal region sample e S A
-0.02 0 0.02 0.04 0.06 0.08

m2,.. [GeVe/c?]
*CR3D: CR orthogonal to the n* momentum, m? ... plane
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Background from K*->putv

g /. [/ 74 A

« Background suppression based on kinematics and pion identification (RICH & Calo)

* Fraction of kinematic tails in SR region estimated on data on a sample selected tagging positively

muons via Calorimetric ID.

Number in SR evaluated as

Events in u*v region
after selection

N/,w (SR) = N([l+'V) f/,w (SR)

Ratio of events in u*v region to
signal region, measured on control
sample

K* - u*v events
in signal region

These muons must fake a pion: RICH =* selection applied to CS

Number of events

Data Driven estimation

— All regions
B R1, R2
KR
CRmu
CRmu2
P CRmu3
CR3D

K+ — ptv

IIIII|T|'| IIII|'|T|'| |||||ITI| IIII|'|T|'| |||||I'IT|_

002 0 002 004 006 008
M2, [GeVZ/c]

Angela Romano, EPS-HEP 2025, 10-07-2025
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NA62 K+

—ntyv Results: 2016-2018

- NAG2

« Data ;_
K" - mhwMC B 0 __
&) |

2016 data [PLB|791 (2019) 156]

- 2017 data UHEP 11 (2020) 042]

© Data & 012_ ‘ - 2018 Data
K* - mwMC R B . |~ SMK'oTwW
}m'ﬁ“l (E 0'1 '
X "'E 008
"wcﬁw RO L L R T 0.065'
: .,MM 0.04. .

15 20 25 30 35 10
7+ momentum [GeV/c]

15 20 25 30 35 40
" momentum [GeV/c]

4)04 IJHEP 06 (2021) 093]

35 40 45
7t momentum [GeV/c]

Data-taking year [Reference] Nig Nf% TP Ny, 5 2 B
2016 PLB 791 (2019) 156] | 0.15270:993 | 0.267 +0.020 | 1 re
2017 JHEP 11 (2020) 042] | 146033 | 216+0.13 | 2 77 Sisi”f(‘)efl
2018 JHEP 06 (2021) 093] | 5.42799 | 7584040 | 17
2016-18 JHEP 06 (2021) 093] | 7.03%595 | 10.01+£0.42 | 20

Statistical combination:

Angela Romano

B(Kt - ntvv) = (10.6139 ctat T

Background-only hypothesis: p = 3.4 X 10™* = significance = 3.40
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A

Optimum NA62 Intensity NAGZ ),

a gelected signal yield vs intensity ¢ Saturation of expected signal yield with
intensity. Mainly due to:

ot x10~°
= 40 ¢ Slope dependson | | | e Paralyzable effects from TDAQ dead time
» c L i N . ~ Uncertainty d tri t ind
~ 35 :—'srgnalv-aqceptance-;~--~-~: ........ s T e and trigger veto windows.
E 39 L atointensity ... | o Offline selection, due to veto conditions.
55 38 e Main sources of uncertainty for model:
20 ; . . e Online time-dependent mis-calibrations.
- | : e Fit uncertainty.
it S e « o Ausad TITEY onmraie. b oytin
10 & S . <—Full1nten31ty _____ intensity (...75% of full) to maximise
5 F o d.| TVVsensitivity
'[. 111 l | S b ()| l O [ | l | I 1 | l 1 l:l L ] 111 l:l e B e l L1 11 l | I | l | ) & | . MaXimise Signal yield

0 100 200 300 400 500 600 700 800 900 1000 e |ower expected background
Instantaneous intensity [MHz] e Higher DAQ efficiency

Studies of 2021—22 data at high intensity were
Angela Romano crucial to establish optimal intensity 29



NA62 Run 2 Data Taking

Upstream veto

New detectors installed for NA62 Run2 (2021 - 2026)

» The kaon decay-in-flight technique is firmly established

» Improved trigger: beam intensity increased by ~35% wrt Run 1

> K+0O/7{{ measurement in a low-background, high-acceptance regime
> Analysis of 2021-2022 combined datasets presented here

Expect to measure BR(K+0/777) at 0(15%) precision by LS3

Angela Romano, EPS-HEP 2025, 10-07-2025
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< " NAG2
Upstream Background S

--- pileup beam =* track Vacuum tank
— beam K" track
— downstream =n* track

XA

” Collimator i CHANTI
Z

KTAG Collimator
Back - extrapolation
after reconstruction

Sketch not to scale!

A ASTRAW1,2 STRAW34 RICH

Fiducial decay region

Kaon decays upstream the FV
- only nt* enters FV and scatters in first STRAW chamber
In-time pileup beam particle (in GTK) generates a fake decay vertex inside the FV

Angela Romano, EPS-HEP 2025, 10-07-2025 31



" NAGZ [,
Upstream Background Q

Replacement of the final collimator against Upstream events (June 2018)

OLD COL VBV Cal

- e

\;

B e
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Upstream Background

Vacuum tank

Y Extra scattering on
re-entry

Z

Pileup

Fake Vertex

SketCh not to ScaIE! T T STRAW1,2 STRAW3,4 RICH

Fiducial decay region

A particular upstream event in the OLD COL configuration

33

Angela Romano, EPS-HEP 2025, 10-07-2025



< " NAGZ [,
Upstream Background S

Vacuum tank
Collimator
------------------ EEEEEEEE - - - - -
L
\\“\
COlli[lidtUl‘ LU THETOE D TR TR LT T

Sketch not to scale! T STRAW1,2 STRAW34 RICH

Fiducial decay region

The same upstream event in the NEW COL configuration
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