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The NAG62 experiment at CERN

~200 collaborators from ~30 institutions.

NAG2 [

A Primary goal: measurementofp Lt © Z hh
A New Technique:0  decayin-flight

A Runl results [pLe 791 (2019) 156/ JHEP 11 (2020) 04ZJHEP 06 (2021) 093
A Broader physicsprogramme:
e = Gen}vwrpo& e A Precision measurements of kaon and pion decays
— g m*m"tw e A HNL and LNV/LFV searches in kaon decays
-?' "‘"f L o e TSRS ey A Hidden Sector searches with kaons and in dump mode
e S | A Data taking
A 2016 Commissioning + Physics run (45 days).
A 2017 Physics run (160 days).
A 2018 Physics run (217 days).
§2021 Physics run (85 days [10 beam dump]).} New result
2022 Physics run (215 days).
Jura A 2023 Physics run (150 days [10 beam dump]).
Phatooranh: Maxirillio Brice. © 2008 CERN , A 2024 Physics ru@04 days [12 beam dump, 7 low Int.]).
A 2025 Physics run~10 daydoreseenstartedn April)
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New result!
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L © “ ™ : Precision test of the SM ~ #A62 {)

SM: Z- pengum & box diagrams e Kaon Unitarity Triangle
S W ; WWw W 0ww P
N wWwwwwwe
u, €.ty
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' O O “ ™ highly suppressedn SM |
A GIM mechanism & maximum CKM suppressibr® Qtransition:D — | @ |

ATheoretlcally cleah high precision SM predictions
A Dominated by short distance contributions.

A Hadronic matrix element extracted fram U © “ 0 decays via isospin rotation.

DecayMode BR SM [Buras et al. EPIC 82 (2022) 7. §15 SM [p'Ambrosio et al. JHEP 09 (2022) ks Experimental Status
_i ‘ 1 ) T 8

v © g ¢ pm XY@ T p P (P g) P T e
'y O T CBOT TH U P T CHPY T T P TT C& pTr KoTO)

Differences in SM calculations from choice of CKM parameters: NAGZ (2016K1§Td§t§‘2)5"-’2ﬁ§t2§ (20211033
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L © “ " : Beyond the SM NAGZ

A Correlations between BSM contributions to BR® ofand0 modes JHEP11 (2015)164.
A Must measure both to discriminate between BSM scenarios.
A Correlations with other observables] -, 30 , B-decay3 [JHEP12(2020)097[PLB 809(2020)135769.

A Leptoguarks EPJ.C82(2022)4, 320, Interplay between CC and FCNIHEP 07 (2023) 029NP In neutrino sector
[EPJ.C84 (2024)7, 680 and additional scalar/tensor contributiodBlEP12 (2020)18g[arXiv:2405.0674P e
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Green: CKM-like flavour structure [JHEP 11 (2015) iea]
A Models with MinimalFlavourViolation _ MFV
~ 15} arg Ay
Blue: newflavour-violating interactions where LH or RH < ~ e Nt S
currents dominate ’
) . . Rl y
£ &> models with pure LH/RH couplings =
Red: general NP models without above constraints 1 ‘
_ _ . & 5| Ag (;;AR onlyQ: o
GrossmanNir Bound: modetindependent relation o) VA < x| oc Im Al gy / My
L
[PLB 398 (1997) 163-168] I 0 O « 17 -l- /// \General NP 2 ﬂ\\[f/XAf |
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NAG2 Strategy: NAG62 Performance Keystones:

L O TU T] ltiming between detectors

ATagO and measure momentum.
E'—' P TU background suppression from kinematics

A Identify“  and measure momentum.

: E P TUmuon rejection
AMatchU and“ intime & form vertex.

v D Tirejection of* fromL O “ “ decays
A Determined U U
A Rejectany additional activity.
Decay mode Branching Ratio [PDG]
v © " C ® X T8 yP
v O« “ * LB Pomdrg P
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NAGZ2 beamlineand detector wszeomseses NAGL Q

Secondar) @& e K beam:

Hadronic

E , 4 B SRR T SRR R CHOD Calorimeters
> " | Cherenk
| kaon tagger - T IL—- Muv1,2
1~ e |/ rrrrr ! ‘ fmcn J|MW3
| Target KTAG y SAC
400fGeV Protons_e_bt_» . -. = CHANTI Vacuum : : : ; 5
1 f speclireoanlrrrmeterk l l)/( i - l ERICH '! s
— Fiducial decay _| Y . _I_,——'LKr Dump
2 - volume agnet o
Liguid-Krypton
e EM Calorimeter .
0 100 150 200 250
A O « ) T Z[m]
Desrgned &optimisedfor study ofU
U Particle tracking: beam particle G TK) & downstream tracksS(TRAW)
UPID: 0 -KTAG," -RICH, Calorimetersl(Kr, MUV1,2), (' detector)

U Comprehensive veto systemsSHANT! (beam interactions),AV ,LKr,IRC,SAC ( )

C New detectormstalledin LS2: 4th GTK, VetoCountefANTIO and HAS@Z
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Kinematic constraints & signal regions¥462 §,

2 _ 2 1 i ' i
m, s = (Pp+ —P_+) ! P TU background suppression from kinematics
Pp+ [JHEPO6 (2021) 093]
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momentum range: 15 45 GeV/c
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Signal sensitivity: acceptanceé"‘f‘eptaf‘ces NAGZ Q

Analysis Is performed in (5 GeV/c) bins

of momentum: - N [ I N - N
—#— Normalisation, K—n*n® —&— Signal, K'—=n*vv
S - OLD NEW
et 0.025.__ ........................................................................ s " R SRRSO S
3 i = Case 2018 (S2) | 2021-22
8 B L
O -
g 002__ ............................................................ . ............................................................... B . N orm. 118% 134% +15%
° - o .
Q@ 0015__ ...................................................................................................................................................... _ 0
ko - Signal  |(6.37+0.64)%|(7.62+0.22)%| +20%
- il | s s | é
0'01}" """""""" —— """"""""""" . - I A Increased selection efficiencies
- ; g i o . . . :
0,005 U New K-pI matching technique.
[ | : ; | : : U Retuned vertex conditions.
O_I ] I | ] | | | | | ] | | ] | | ] l | ] | | | | | ] | | ] | | ] I | ]

U Relaxation of some veds.

A Improved precision (plus improved
Acceptances evaluated at 0 intensity. systematic uncertainty evaluation).

Intensity dependence captured in - 3
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nt momentum [GeV/c]
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INFN

20 30



Signal sensitivity: trigger efficiencies M#ABZ {

Analysis is performed in 6 GeV/c) bins . - -0 -n |
of momentum: O -1 [ ) L 0 N OU ﬂ -
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0.9 A Trigger efficiency ratio:

A New: same requesta both
______ S WO . = S SN SN S normalisation& signal triggers:

______ S R S ... —— S S S partial cancellation.

______ + A Old: in 2016- 18 datanormalisel with
—4— fully independent min bias trigger
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Signal sensitivity: random veto NAGZ [

- Is Independent of track momentum . _ B -0 - N O s : EI
(related to additional activity only) O -1 l r‘] ! 0 N 1 1
1
E- = Random Veto Efficiency:
0.8 O p - =Probability of rejecting a signal
event due to additional activity.
A Balance:

U Strictvetost lower efficiency

Random veto efficiency, ¢,
-
®))

04__ ............................................................................... u LOOsevetOS‘l' hlgher background
i . g 2 Ve 5 A Operational intensity higher but retuningvetos
0.2 ¥ LKrveto e ......................... means 1S COmparab|e:
- +— Photon veto g
I $— Photon + multiplicity veto - n ehw @ TINTH 7 @ @ T[‘c’a) »
| | ] I | ] I I I | | I | ] ] I | I I | | | — A4
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Signal sensitivity. results NAGZ

" L O i p ADispIay Integrals15- 45 GeV/c,2021+22) for summary tables.
V [ O 0D - - O - Acceptances evaluated ad intensity.
i

Nl Effective number of normalisation events (1.953 £ 0.005) x 10° O — - _

A.- Normalisation acceptance (13.410 £ 0.005)%

N Effective number of K decays (2.85+0.01) x 10" Assuming'

A.,> Signal acceptance (7.62 & 0.22)% 2021-22:- ) —

cwig  Lrigger efficiency ratio (85.9 £ 1.4)% c.f. 2016-18 : U

cry  Random veto efficiency (63.2 £ 0.6)% l

Bsps  Single event sensitivity (8.48 +0.29) x 10~ 1 |

N>M o Number of expected SM KT — nHvi events 9.91 4+ 0.34 [.)OUble. expected signal by
e Including 2021- 22 data.

ASignificant Improvement in SES uncertainty:
A old: 6.3%3 > new: 3.5%. Due to:
Atrigger efficiency cancellations

INFN A Improved procedures for evaluation of acceptances and
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Background regions & estimations ~ #A62 ),

Q Signal regions ] _ T y y _
01 2 e ey ik i --,.._'.', SRV l:) O . ! ! Control regions Events paSSI ng SeIeCtlon
WEESE R e Background Region2021-22 data
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|
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g 0-04 J Number of events passing Signal Regions

‘tg CRZ [ ! . signal selection in \
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INFN Backgrouncestimationsn signalregionsvalidatedwith control regions
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Upstream backgroundmechanism

AA kaon decays upstream the | --- pileup beam =" track

fiducial decay region > R
— downstream =xt* track

Aon | v+ erdiers the fiducial
decay region XA

A There is an iftime pileup cotimuor | craw
beam particle (in GTK) pg=~. :_L _______ R

AThe up sisscateren  m T
in the first STRAW chamber, il - A—
and a fake vertex in the —
fiducial decay region Is Sketeh not o scale!
reconstructed

A ASTRAW1,2 STRAW34 RICH

Remind: Secondary & e Kb beam “ dx #, Ndg @, U dypb Fiducial decay region

INFN .



Upstream background evaluation NA6Z
BO "Q U

A Upstream reference sample contains all known
upstream mechanisms

U O providesnormalisatio
U "Q depends only on geometry
U 0 depends on 3 Y h)

Upstream Reference Sample:
signal selection but invert CDA cut (CDAmmM)

Scaling factor : baddad > goodcda

VALIDATION SAMPLES:

Probability to pas® " matching Invert & loosen upstreamvetosto enrich with
different mechanisms

Expected -4-Observed

ﬁ ; : —_——

Calculate using bing)(of 3Y h)
[Updated to fully data-driven procedure]

0 vp'Q M T 1T8to U X ¢

0 Upstr e@ms
|NFN SR Vi V2 V3 V4 V5 V6 L\J/gstr\{asam\/sga HEI/SI% v

--------------------------------------------------------------------------------------------------------------------------------------------------




Summary of expectations NAG2 [

Signal Sensitivit

Backgrounds

: . R —
M T PY1@E8IC W P T U -
BaCkgI‘OU_nd Events _

KT —nm7%~) | 0.83£0.05
K™ — utv(y) 1.70 +0.47 Assuming g8 p

Kt = rtata™ | 0.11+0.03 2021-22 0 8 T
2016-18 : U Brp 18

K+ = rtaety | 089703 SRR
KT — 7T_|_’}/'}/ 0.01 =0.01 .
Kt s 20pt, < 0.001 Al - per SPS burst® p 1 In 2022

- 2.1 m In 2018+ signal yield increased byb0%
Upstream 74774 SE ghat’y 0%
Total 11.0774 A Sensitivity for BRD V'Y 0T Ysimilar butimproved with

respect td?018analysisfor same amount of data
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Signal regions 2021-22 Data NA62

1D projection with differential background predictions &
202 1'22 data SM signal expectation [not a fit]:

2 | ) weSM
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S - ot pstream
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- 2] — i
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Combining NA62 results: 2016- 2022

Alntegrating 2016 2022 datali  p @ , G L P
ABackgrouneIonIy hypothesi®-value =¢  p 11 + significancew U

NAG2 [

— 1 0 - : i : I~ _ + Nubs Nexp(8(6)+b) INexp(b)
& o . — € 101
(2 I E I q.) B
< 8- ' > |
<> - ' Y— B
S 7B ——— SM[JHEP 09 (2022) 148] o 8_
- 6 ~—— SM[EPJC 82 (2022) 615] S L
- — - _ i 0 -
K'. i : NA?2. 2016-2022 g 6
1l = i
= 4
o) 4
S 3F I
7 25 i
© - 2
B 1o I
17 ~ B
Ii) 0:| E |:| || L1 1 1 I I | L1 1 1 0 | |
0 5 15 20 25 30 35 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B(K'—m*vv) x 10" Category

! (G 0« 7)) (po8t §) p T P& § cao8ipd PT
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Results In context
" - (x® §) pm

[PRD79 (2009) 092004 Hf—e——— 1 BNL

- ewpoen | L

[JHEP 06 (2021) 093]

NAG2 [

NAG2: 2016-2018

L (p@ 8) pm H—o—§—||NA;62.2§021 2022

_ (p@ &) pm " NA62: 2016- 2022

SM [JHEP 09 (2022) 143]

ANA62 results are consistent ;

|

A Fractional uncertainty decreasd@o to 25% 0 S 10 15 20 82l5(+ 30+ _35 10141,0
. - = . " g %

ABkg-onIy hypothesis rejected with significange5 ( mrrr) X
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https://inspirehep.net/literature/814428
https://inspirehep.net/literature/1854186

23-24working -in-progress dataanalysisVA62 ()

A 2024datataking conditions lead to a
slightly higher signal yield per spill;

U lower signal loss due to random
activity In veto detectors that
compensates the lower number of
normalization events

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

12025 NA62 SPSC Report

Dataset 2022 | 2023 | 2024
Number of spills [10°] 326 | 363 | 519
< Beam intensity > |[GHz| ||. 0.57 | 0.48 | 0.41
< N /spill > [107] 91 49 | 4.7 | 44
Ng [10"2] @&,\w"*c 2.3 | 25 | 3.3
ERY o WO 0.63 | 0.68 | 0.73
N, 8 9 13
N /spill [1077] 2.5 | 2.5 | 2.6
Biotal/ Ny 1.1 | 1.1 | 1.0

The addition of the 2023 2024 datasetis expectedat leastto
double the signal yield of the already published 20162022
dataset,with the samelevel of relative background

INFN
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https://cds.cern.ch/record/2931958
https://cds.cern.ch/record/2931958
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https://cds.cern.ch/record/2931958

Conclusions NA6Z

ANewresultony © * 7 decay using NA2 202122 datasetcombinedwith

201618: -
"o - (p @& &) p 1| [JHEP02(2025 191

A25% relativeprecisionachieved

ABR consistent with SM prediction withh7,

ABackgrounelonIy hypothesis rejected with significance 2>
A Firstobservatiorof the+ © A dddecay

ANeedfull NA 62 data-set to clarify SM agreement ortension

A2023- 2026dataset collection & analysis In progress, to achieve precision
better thar(0%

AOther results from NB2 on V, . will be presented by. Swallowthis afternoon

INFN .
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NA62 upgradesfor 2021-22 datataking #4462 (),

A New detectors, installed during S
A 4th GTK (Kaon beam tracker) & rearrange GTK achromat (G@TiKstream of scraper).
A New upstream veto/etoCountey & veto hodoscopeANTI0) upstream of decay volume.
A Additional veto detectoi{ASC?2) at end of bearne.

Alntensity increased by 0 B with respect t®018[450© 600MHz].

A Improvements to the trigger configuration.
New detectors installed in2021:

Upstream “";‘eto A

22



Bayesian classifier for U

A Inputs: spatial CDA) & time
(3Y) matching,
intensity/pileup 0 ) [prior]
A Models for PDFs/Prior from

v O “ * * data

— Kaon decays

o

N O
Se)
T 1T T 11

o
=
=
E‘ 0.4
5
X

( o
O w
w O
T T T T

A Output: posterior probability of GTK track = trug

A Use likelihoods of kaons (K) and pileup (P)
A Likelihood ratio used to select true match wkken

EOOMT Y/ EOO,QQ’:

> I > 0.1
= = = ——a—— Mistagging, K' not reconstructed in GTK _
0O 095__ ............. .................... ..................... ..................... .................... ................ _Q 0 09__ ................
_‘S - - ——e—— Mistagging, K' reconstructed in GTK
© 0.9 .................... ..................... ..................... .................... ................ O 0.08F i i i i 5 § ................
o - D. -

.85¢ 0.07F

0.06)
0.050 —=-
0.04f
0.03F
0.02f
= : : : : z 5 ; 0'012 ; | : 5 5 ; 5
0.5 I, | | | O] I /T N U U

400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
Instantaneous beam intensity [MHZz]

Instantaneous beam intensity [MHZz]

: Efficiency improved (#0%) and

mistaggingorobabllity maintained. 23



U O 1

control sample of0 O *“

O [ Tand 2 photons c

etected InLKr :

events with

— All regions
B R1, R2
K, R
CR1, CR2
CRmu3

control sample ofU O

' events with

RICH PID="

and Calo PID=

— All regions
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Radiative decaysp © * * 1 0&O ‘' "  NABGZQ

" : notincluded in fikinematic tailso estimationif the radiative photon
IS detected In LAV, LKr , IRC or SAC.

ASuppression: photoretos rejection with additiondl is 30x stronger.
A Estimation:tails from MC + measured single photon rejection efficiendy: 0 © “ “ | T8t X T8 p

A Validation: & control regions (CR2)
EC) O “ 7 I':not included in fikinematic tailso estimation if[ overlaps® at LKr , leadingto misID as”

ASuppression: based ob U U andO with] =LKr cluster (mis)associated to muon.
A Necessaryor 20210 22 data,sinceCalorimetricPID degradedthigherintensities

A Estimation: min. Bias data control sample with signalinNU¥ 0 © * ' [ 1@ c T8 ©

A Validation: data sample withott © "veto and PID less piornliked (Calo BDT bins below  bin).
RICH LKr o o — 0.1 5
T 3 Q - I
S = SN B R1 R2 10°
2= = (4] — : )
O L -
; 0.05 __ ................ ................................ Fz,g» ...... ................ ................ -
SO 2 | 2w
iy ! P ) -
| . 0] et R S IR Spov" - ; s bjgﬁw__,ﬂawh ::’:f:"-_ R -
al - o = 10°
Sketch only O - | ="
- , , %_005 __ w;i'?:-.". ................... T’ﬁ i ..... ~ N U S USROS SO RSSO SO B ,
A Beforel) o [veto: found excess of events at oF R T = 10
0 & e Khin Region2 relative 102016 18 data. - N e | | | E
AAddItlonaI baCkground |dent|f|9d and Studled In data Control Samle _01__ ........... v:-f, e .......... ................ _E 10
A U O ° " [vetoadded to selection criteria for final analypi SRR NN
0157006 ~0.04 002 0 002 004 006 008 01

Mss = (P — P)? [GeV7c?] 25



Results: 202]6 22 Data

A Measure  — and68% P,, confidence Interval
using a profile likelihood ratio test statlst']c—

_10¢
g o
< 8-
> L ' ’ '
S 7E ~— SM[JHEP 09 (2022) 148]
- i - ~—— SM[EPJC 82 (2022) 615]
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Results In context
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Correlatlons with other mesondecays NAGZ ()

A New study OfU O « decay usmg NA2 : o \fmmnl L'(.Z) [PLB 861 (2025) 139295]
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A BR consistent with SM prediction within 1.7,

A Need full NA62 data-set to clarify SM agreement or
tension consideringalso correlations with other
mesondecaychannels
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Fig. 6. Correlation between B(B™ — K*vv) and B(K™ — 77 vv), normalized to I SM

their SM predictions. The red areas denote the parameter regions favored at |

lo and 20 from a global fit in the limit of minimal U(2), breaking (x = 1). The + =~ ]

dashed and dotted blue curves are 1o and 2o regions from a global fit where « is Op, . . . . . S

a free parameter. The gray bands indicate the current experimental constraints, 0 1 ; 3
while the dashed gray lines highlight near-future projections assuming halved B(KT — ntv)

experimental uncertainties. B(K+* — mtvv)sm
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Particle ID performance : 20210 22 data¥A62

Calorimeters RICH
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