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the golden modes within the SM and for beyond
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L © “ " [precision tests of the Standard Model

Kaon Unitarity Triangle
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x FCNC loop processesi © ‘Qtransitionand highesSEKM suppressioff D (& ja ) 5@ 9

A highly suppressed in the SM

x Theoretically clean:SD dominated. Hadronic matrix elenferit YO © “ a

A high precision of SM prediction

RecentSM calculation*
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*difference$rom choice of CKM parameters: Eee.Phys.J.84 (2024 4, 377
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Experimental status

(p@ §8) pm (>3, evidence
NA62 atCERN, 2016€0172018data
[JHEPO6 (202193

g pm
KOTO atJPARC,2021 data

[PRL134, 081802029]

(precisely measujed
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L © “ " [beyond the Standard Model

Indirect searchesfor NP up to v 1| mmass scale JHEP11(2015 033
x Eg:LeptoquarksgPJC82(2023 320, NP in the neutrino sect@&PJ @4(2024 68(, additional scalar/tensor contributions
[JHEP12(2020 186 JHEP10(2024 087é
Possibilityo discriminateamongdifferentNP scenariosia:

x thecorrelationof the | { £ © Z hh and || (L © Z hh) variation§JHEP11 (2015 166]
x thecorrelationwith other flavour observablesf jf he~ S decaysJHEP12(2020Q 097[PLB 809(202Q 135769

. JHEP11(2 166
.—ld e
=

N Green:CKM-like flavourstructuren models with Minimal Flavowftiolation
{ Blue: new flavowviolatinginteractionsvhereLH or RH currentsdlominatein
4 models with pure LH/RHouplings

I N Red:general NP modelsthoutaboveconstraints

=< lF"“lor ;I;ngg' e, ] GrossmanNir Bound (modefindependentelation[PLB 398 (1997) 16554):
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NA62: the v factory at the CERN North Area



The NAG2 experiment at CERN

e I High -intensity fixed targetexperiment at CERN SPS

E 2008 . 20094 ngéS | Runt2016 20172018 Ls2 2022‘23:224(,’22%;22502220 . Loa
etector an .
Approval commisioning physicsuns upgrades physicsuns

NFT o NA62 " '
i > 3 ‘::;'11\ ‘_'”

x Lt decayin-flight technique

x Primary goal: study of the ultrarare L © Z hh decay

* [PLB 791 (2019) 1FGHEP 11 (2020) 0ZIHEPO6 (2021) 093IHEP 02 (2025) 1p1

x Broaderphysicsprogramme both in flavour physicsé
x test of lowenergy hadronic theories.go © “ | T7[Phys.Lett.B50 (2024) 138513

x searches for LFV/LNV decaysggy © “ “‘'Q[Phys. Lett. B59 (2024) 139122
x é

x €@ a n d hidden sectorsearchegDark photon ), Darkscalar€y, ALP ¢), HNL (0) € )
x inkaonmode: e © “ MYC 60 (6 © QQ)andyd O ¢ OEN° QQ)
[Phys. Lett. B46 (2023) 138193
x in adedicatedbeamdumpprogrammeeg ®©° Qo 'Qi fEar.iPhys. J. 85 (2025) 571
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Fundamental variable:
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Analysis strategy

ldentifythev and measure its momentum

ldentify the and measure its momentum

Match thet and“ inspace (form theéecayertex) and time
Determired = ylg (||-m ”'Z )

Rejectany additional activity

Analysis ib GeV/c binsof * momentumn the rangé545GeV/c

Main experimentalrequirementsfor suitable background rejection:
U p TUAi timing between suitetectors
v (p 1) backgrounguppressiofrom kinematics

p tMuon (from0 © “ ’)rejectiorfrom PID

p m“ (rom+ O * “ (* O p)suppression
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The NA62 beam line & detector layout
(designed and optimised forthe v © “ '’ [sStudy)

Primary beam: [JINST 12 (2017) PO50P5
x  400GeV/c protons from the SPS

x average beam intensigyrt o 1T p T protons per pulse on target

Secondary beam:

x unseparatetk ©)“ ¢ ®)NR B L beam witty5GeV/c momentum 1% rms)

x  Average particle rate at GT[,K:4596OOMHZ CHOD
x 0 decay rate ithe FV (ON [p mthp X ]m ): 3 MHz D e hodoscone
PR LAV STRAW (o, = 70 ps)
N Large-angle photon veto chamibers
T (12 stations) spectrometer

MUV1,2 hadronic calorimeters

T

1 4 400 GeV/c ) ,GTK MUV3
| 3PS protons e muon detfector
. on Be target spectrometer | VACUUM _ “ I N
1 0(107%) mbar
1 f // "[ - ey
2 : KTAG gr:-clnrAgI:;lr :c!:: nti-counter ‘J Magnet ;rrr‘l;Icl)-: cg:g
‘o differential Cherenkov [ | LKr
counter for K* ID (o, = 70 ps) EM calorimeter
{L =
T Wr ] T T T T T T 1 T T T T T Ll
0 100 150 200 250
< - . > Z [m]
Upstream Fiducial decay volume (FV) Downstream

LAV, LKr, IRC, SAC: hermetic coverage of polar angles up taradfrom the beam axis, for
photons emitted, for instance, in the decay ohath “ “ “ O 7 ¢

|. Panichi ICNFP2025 8
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NAG2 post LS data-taking

Detector upgrades during LS2
2016- 18 analysis proved NA62 technique

Limitation: tight cuts to rejelckgsreduce signal efficiency. 20216 22 data taking
x  New detectors were installed to improve the control dfktie Proton intensity 3% wrt 1618data
x a 4th station in the GTK beam spectrometer x average beam intensgtyrt p 1 (in 2018
x threeVeto Counter (VC)stations and th&NTIO hodoscope, to A Ot p Tt protons per pulse on target
improve veto of decays/interactions occurring upstream of the FV Improvements to the trigger configuration
X an at end of the beatme to ™
reduce undetected interaction productg (€.gQ ‘Q conversion) E
Q
S0
5w
(notvisiblein theyz view) %
) 30
©
5 20
(O]
=

'~ S - 20/12/2021 09/08/2022 28/03/2023 14/11/2023 03/07/2024

(20162018D ¢ ¢ p 1 protons on targePET) were delivered)
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Signal sensitivity In 2021-2022 data
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L © “ ’’Tanalysis strategy

Numberof 0 decayss not knownapriopri

L oz Zzh ° sl , usedasnormalisatiochannel
x BRmeasured.r.t. &knownSM decagelectedby usingcommonconditiongo thesignal
x Advantaggpartialcancellationf systematiancertainties

(EoHh) (Lozz) (L oznh 201618 analysisormalisavith

Trigger conditions Minimum bias  Normalisation Signal O events from fully
(MB) (NORM) (PNN) independent min bias trigger
signals in RICH (reference time), signal in CHOL X X X 20212022analysis common
Muon veto,tag+ in KTAG - X X conditionbetweerPNN and NORM
<40 GeV in LKr (* [ Aveto) LAV veto, 1 track tr!ggers_prov_ld_ecancellanonof
in the STRAW - - X trigger inefficiencies
Normalisation selectionon NORM trigger events Signalselectionon PNN trigger events
U 1 downstream track (only) U normalisatioselectiorconditions
. U identified as a ' U full photonvetoesandmultiplicitycuts
00 “ matching (in space and time) | (torejectallthe extra activity) |
. U upstream vetoes e

____________________________

effectivenumber of L decays 4 1
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v ) 4

Effectivenumberof 0 decays:

» Effectivenumberof normalisatiomata events
’ " Downscaling factor of thermalisationtrigger (400)

g4,
ECEES:

hZ, © 73

N

from PDG
Normalisatiorselectioracceptancgrom MC)

v

v

Single event sensitivity (BR corresponding to expectation of 1 signal event):

el T
<4p
e 1 Random vetefficiency

P T = Probability to reject a signal event due to
additional irtime activity

Triggerefficiency(ratio)y —

» Signakelectioracceptancgrom MC)
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U and single event sensitivity definitions

Acceptancesper momentum bin

o
o
N
o

—i— Normalisation, K'—x*'n® —8— Signal, K'=x*vv
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Selection acceptance
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0.005}
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rryrrrryprrrrJrrr1rjJrr

cceptances are evaluatediiatensity;
Intensity dependence captured in

Random veto efficiency, ey,
o
» —

o
[N

o
Iml

15 20 25 30 35 40 45

_ m* momentum [GeV/c]
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Bt iintas - = 2T
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Depends only on inten&iyiew.

“e-

- measured from MB events el

IRC+SAC veto
L —%— LAV veto
- —F— LKrveto

——+—— Photon veto

—=— Photon + multiplicity veto
P IR B |

- \ IR T L
0 200 400 600 800 1000 1200

Instantaneous intensity [MHz]
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Signal sensitivity

Expected* number of SM events peZ, momentum bin (ws)
(inpus for the statistical analysis)

&Y (b o F o

n)

5o ———

5 @) |

yplely

oY (@ oy
M) Y0 °° )

Summaryof signal sensitivity inputs for the total 20212022 data sample
(integralover the 1815 GeV/cmomentunrange)

Factor Value

N Effective number of normalisation events (1.953 4 0.005) x 108
— A Normalisation acceptance (13.410 £ 0.005)%

Ny Effective number of K+ decays (2.85 +£0.01) x 10'?
—P A, Signal acceptance (7.62 £0.22)%
——> cyig Lrigger efficiency ratio (85.9+1.4)%

> cry  Random veto efficiency (63.2 +0.6)%

Bsgs  Single event sensitivity (8.48 £0.29) x 1012

—'»NE,I},I, Number of expected SM KT — 7t v events 9.91 £0.34

* for comparison to our previous results, wée (0 © “

|. Panichi
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+15% w.r.t. 20148 : :
Improvements in thgelection

e.ghewu matching technique
+20% w.r.t. 20148 (&0 0 que)
3 betterprecisiorthan201618analysis

(improvements to the trigger configurgtion
Comparable with 2048 analysis

(operational intensity higher butuaing vetoes

In the201618analysisy D p ™
Double expected signal by includfg12022data

[JHEP11(2015 164, but results are independent of this choice

1327
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Background evaluation
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Total expected background in the signal regions

Kinematic regionsinthe O 5 y& ¥, O ©
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D Control regions

. D Background regions
S .. _'.’ -

//%//%

B (e e g 0 5 T e R e e I s A A N T e AT AT

15 20 25 30 35

™t momentum [GeV/c]

40

20212022 data after tlsggnal selectio
but kinematic cut

45

] m" <|0|me

n

ICNFP2025

Background classes:
Bkgfrom 0 decays in the FV
x (misyeconstructed
x wrongPID (e.g/! misID as” )
x additional particles from the decay not detected
Bkgfrom decays and interactions upstream of the FV
(upstream background

Summaryof expectationafter the full signal selection

Background Events

K+ = at7%(y) | 0.8340.05
K™ — ptu(y) 1.70 4 0.47
KT s atata~ 0.11 4+ 0.03
KT s>atnev 0.891“8:%'?

K+ — ntyy 0.01 +0.01
K+ — 7ty < 0.001
Upstream 7.47:%:%
Total 11.07%8
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Total expected background in the signal regions

Kinematic regionsinthe O y& ¥, O O g

0.12

o
o o
co Y

= (P — P.Y [GeV?/cf]
o
o
(o))

2 =

miss
o
o
Y

o
o
R

-0.02

-0.04

-0.06
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. D Background regions
S .. _'.’ -

7 ) )
Q Signal regions

D Control regions

«plane

A
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T e AR .‘wﬂmg

f'\

0o'Y"

15 20 25 30 35
™t momentum [GeV/c]

20212022 data after tlsggnal selectio
but kinematic cut

0'Yc¢
0 Y
— 5 ¥
—0'Y' o
oY’

n

40 45
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Background classes:

Bkgfrom 0 decays in the FV

x (misyeconstructed

x wrongPID (e.g.

misID as”

)

x additional particles from the decay not detected
Bkgfrom decays and interactions upstream of the FV
(upstream background

Summaryof expectationafter the full signal selection

Background Events
Kt o ata(y) | 0.834+0.05
K™ — ptu(y) 1.70 4 0.47
KT = atrtaT 0.11 4+ 0.03
(KT > atn ety 0.891“8:;’?
K+ — ntyy 0.01 +0.01
KT o altty < 0.001
| Upstream 74774
Total 11.07%8

Data-driven
estimate frombkg
regionst
validation in the
control regions
(specificstudies for
radiativedecays

MC-driven
estimate

1627



Background fromouo © “ ¢

L oz z @ ) suppression via kinematic cuts and photon vetoes
Expectedkgin “Yplt from a data control sample (G&lectetagging from the*

U T @ T8I T

Validation via theontrol regions defined in thie ( “ momentum) plane

R .
U U (1)
0 " expectedd bkg in R1,2 after theignakelection
0 0 eventsinthe 'Ybkg region after th@gnakelection

h kinematic tail fraction, measureth the CS

O 5 CSeventsinR1,2
0 CS events in the 'Ybkgregion

Hypothesis: kinematics independent of photon rejection

Same procedure fér © H hy (0 ) expectedkg 0 T X T8t T
L o Z Z Z U )kinematidailfractionestimatedrom MC
|. Panichi ICNFP2025
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Number of events
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S

—_
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Kinematic tail fraction, fk_
o

—_
Q
w

mis-reconstructed kinematic tails

L zcontrol sample- O = y y

— All regions

BR1,R2
K,.R

[ CR1,CR2

[ CRmu3

I CR3D

004 006 008
m2.__[GeV?/cY

-0.02 0 0.02

L vsSZ momentum

4 G—F—¢ g 4
-QL Signal reg;ions (R1+R:2) £+ CR1 -4+ CRmu3
< Ri <4~ CR2 <4 CR3D
4R

from equationl) by exchanginglf2

. o
A
T

R

with_one o; the controliegmnﬁ_
A

1 1151 1 1 1201 L1 1251 11 1301 L1 1351 11 1401 11 I45I 1

©* momentum [Ge\/ﬁ/27



Background fromuv © °

Ly gontrol sample- 0w ¥SO 0 vy

Vacuum Tank RICH L g
3
=
Kt —>u
K*
Sketch only
x 0  suppression based on: strict RICH PID, 3
Do wms (0 0 0) andO "
[ = LKr cluster (mis)associated to thetrack]. Zx
% Expectedokgin Y @t from min bias data witho t
applying calo PI1Dj ¢ T8 O i
% Validation vialata sample selectedly signal -
selection without the  vetoest calorimetric
PID betweerf and'

|. Panichi

v 9 "1V bkgnot includedn theo © *
radiativg overlaps with the at the LKr
% relevant if momentum 35GeV/c

“ mislDas d in the calorimeters [muon calo PID required footheCS]

control sample (C8)the

X

gﬁ ThismisID probability is highev.r.t.201®2018analysis due to a
performance degradation of the calorimetric PID at higher intensit

L, yalidation sample

0.1
B R1 R2 -{- Observed @ Expected
0.05- EWEa . Kizy . K2
- . Upstream
0— > V‘( -.4'.'.’_‘- ‘_'_._-_-
IR oot =,
~0.051 4+ i =
0.1 2
- =
0152506 —0.04 002 0

002 004 006 008 0.1

M, = (P, — PxF [GeV7cY] 01

02 03 04 05 06 07 0.8
Calorimetric pion probability
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Upstream background

. Signal in-time with true K* which decays upstream. ; }
@ signal in-time with pileup beam particle (z*) which does not leave beam pipe _Largest_ bkg contribution ) dueto decayS or t?eam
TEX Collimator “I°33 interactions upstream of the FV, that produce a
RICH detected downstream and matched in a fake verntex
Bend4A el =
z|| S
Bend4 g
> SZEEX) 0 "0 6 0
"0 scalindactor<adto-good» CDA
?ermg\ («good» CDA: events if,R <ad> CDA: URS events)
ASTRAW e Q bin in thed “ matchingalgorithmto defined
STRAWS 0 URS events in th&bin
J_ 0 probabilityto satisfythe 0 “ matchingonditions
2 - I (measured inthe © “ “ normalisatiosample)

FV

Suppression viad kaonpion, BDT using) and“ spatiainfos upstream vetoes (VC, CHANTI, ANTIO)

Expectecbkgi n R1, 2 from t he 0 Up s t selecednPNNarigger data ly ¢éhe fllasignal Isededtion{blt R S )
matching and inverted cut on the closest distance of approach (CDA) betweemtife tracks: 0"_‘," 1 8 8

Validationvia 10independentlata samplesignakelectiorwith looser/ invertedupstream vetoonditions

I. Panichi ICNFP2025 1927



Background validation

Upstream backgroundvalidation Validation of backgrounds frommain L decays
10independentsamplesenrichedwvith differentmechanisms Data from the&inematicontrolregionsn the
Samples interacti@mriched/1,2,7,8accidenta¢nriched/3,4,5,6,9,10 a “ momentum planafter thesignakelection
\ Expected -4 Observed Expected - Observed
% . . . . . [ S c
g [T 5
e == 5
O N R R @10
€ C f o £
> 1 -]
Pz B L =z
108 e 8 o EEE 5 i
= m -
1E =
SR |V1 V2 |V3 V4 V5 V6 | V7 V8|V9 V10| CR1 CR2 CRmu CRmu2 CRmu3 CR3pi CRS_D
(R1+R2) Upstream sample Control Region

Events in SRejectedy the VetoCounter (VQ

with anexpectationf 0 8 B0 p&
VC providesafactor2 reductiornof the upstrearbkg

______________________________________________________________
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New results from 2021-2022 data analysis

ICNFP2025
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Observed data events after the signal selection in the

2021-2022 data distributions

1D projection with differentiakgpredictions

a L i momentunplane & SM signal expectation [not a fit]
. 012 F
© : 0 10t tDatal ks |
1 a =
-—‘-£ 0.08] (O-’J o bt Ko, IK31L |
%'E o.06" ! L . . CS\I ; Kes DUpstream
E R2 ® o . 9; 102 s I ) B Tota] backgro.und ......
S I ' S 5 | R1 R2
0.02 }ﬂ?ﬁfwﬁwﬂha-u , e dh;,‘ﬂ,\‘,_‘?ﬂv“?&uﬁm%% E, 10 S S e S
[ [RI "R il I }H
- 1k Ll L
~0.02[ = . i
~0.04| 10-1 -
_0 06 : 1 1 1 | | 1 1 1 1 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 | ‘ 1 1 1 | H | | | | | | | | | | | | |
~°' 15 20 25 30 35 40 45 -004 -0.02 0 0.02 0.04 0.06 008 0.1
n* momentum [GeV/c] M2 s [GEV %/c”]
0'Y g ¢ 1] ()3 p : 1
Tot expectedkg 48 * F= 8 & M expectat IO%Q“"“ . 8 8
Tot observedaventsJ! pl (@ssuming 'y (U Ioue o)
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2021-2022 data statistical analysis

Measummentof 0 "Yand 68% p ,, confidencéntervalusingaprofilelikelihoodratio tesstatistia(f] —)
Parameter ointerest— o YO © “ "'oY (U © “ "’DIBRmeasurememdependendf thepredictionused
Analysigerformecconsideringhe“ momentunbinsasindependentategories

L o 88 8 8
”:I (L Z hh) ( 8 8§v<=|=<85n)r ( 8 8)
# Novs = Nes(s(6)+b) ENexs(b)
10F 2] : . K .

E - T 10 (determinedby usingthe measured'Y )

< - -
<g?: 95 % L

0 of i

= 8—_ 1 ' 1 b l
“5: 73_ — SM [JHEP 09 (2022) 148] S 8_

=k ~ SM[EPJC 82 (2022) 615] QT

= 65_ —— NA62: 2021-2022 £ 6 ¢ _+_—t— [

| 50 | ' ' =

I -

= | 20 < I

T 4 N 4z

S 3 ! -

.(£ 25 : H 1 B

® 20 | 5 ! 2+

7 15 \ 5 ! 1o

?w F ! E :

|1’0‘...|....|.N.’A...|........| 0 | | | | |

0 5 10 15 20 25 30 35 15-20  20-25 ~ 25-30 30-35 3540  40-45
B(K*—n*vv) x 10" Category (7" momentum range [GeV/c])

I. Panichi ICNFP2025 23 27



Combining NAG62 results: 2016-2022

The 20232022resultis combinedvith the 201201 72018results

1o

N
II||II||II||I|

Tot expectedkg < g , Tot observeaventsd . 4
For the first time, thebkg-only hypothesisis rejectedwith a significance 4 an vwao®Q p )
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Resultsin context

Summary of themostrecent
measurementsof || 4 £ © Z h,h,

® BNL 587

*—i NA62: 2016-2018
| [JHEP06(2021)093]

o——i NA62: 2021 -2022

n—o——u NA62: 2016 2022
SM [JHEP 09 (2022) 148]

E949 experiments

[Phys.Rev.D 79 (2009) 092004]

SM [EPJC 82 (2022) 61 5]
I L1

T T/ R TS ST R T

B(K* — ntvw) x 101

NAG2 resultsareconsistent

Relativgorecisionmproved 40% (201:2018)A 25%(201&022)
Firstobservatiof thev © “ '’ [decay; BRonsistenwith SMpredictiorwithin p& ,,
Full NA62 dataset would help clarifying SM tension at 3 sigma CL, if any
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Global status of thelt © Z Hy modes

1010

10—11

KOTO direct exclusion @ 90% CL

50 75 100 125 150 175 200 225 250

B(K*+ — nfvi) x 101
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Conclusions

New NA62study of they © “ '’ [decay using0212022 dataselfiEP 02 (2025) 1p1

Combining with the 2042018 data for full 2042 results:
x Todxpelckdyg ;Todbseewedltys:

8 8
% ”:I (E °Z nh ( 8 8§v<=|=<8§n)r ( 8 g)
x Backgrounenly hypothesis rejected wsignificanced= @
First observation of thel © Z hh decay: BR consistent with SM prediction within 8

Full NA62 dataset would help clarifying SM tension at 3 sigma CL, if any

2023L.S3 dataset collection and analysis in progress
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The story so far:v

O 11

' [with 2016 -18 data

%‘0.12 :_ . ]I%ata T MC ‘.r.'.: o C ¢ Data "": 012: . 2018 Data
T 01 K" o W PR . ‘s 5 lan ST
% E ) : -; - é : ‘-}m.’;.‘ K mw MC % r SM K —)‘Il',+\N
C0.08 - R Y : S
NE'EO.M - T o005 -
0.04 N R T T P
~ E
0.02 0 ' - bl
0 i o TeptEVERT e e
- R il [
-0.02 - e =t . . 005 —
004~ 2016data [PLB 791(2019 156 - 2017data [JHEP 11(2020 047
_ C L L | ‘ ‘ ~
0.06 15 20 25 30 35 "o is » 2 » e 40 L,
7t momentum [GeV/c] 1 momentum [GeV/c] —0.02 - T T )
004 [JHEP 06 (2021) 033 -
Data-taking year [Reference] Nig N3M.eap Nops E ‘[ T ( \) 9 *
0093 15 20 25 30 35 40 45
2016 [PLB 791 (2019) 156] | 0.15270:05% | 0.267+0.020 | 1 7+ momentum [GeV/c]
2017 [JHEP 11 (2020) 042] | 1.46 +0.33 | 2.16 +0.13 2
2018 [JHEP 06 (2021) 093] | 5.427022 | 7.58+0.40 | 17 ]
" A i
2016-18 [JHEP 06 (2021) 093] | 7.03%585 | 10.01+0.42 | 20 O - assumes - (8 pm

Statistical combination: ' o ©° « '™
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Beamintensity: 2018 vs 2022

~20 x 10 ppp on T10 ~30 x 10 pppon T10
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Comprehensive photon veto system
s -

. 666‘ LAV oL CI\:I-ISVDl,Z
] . Q| QN . . - o
Target KTAG GTK F \ a “ SA . . o . - . -
o i m M ——Lmrad - Intermediat&ing & SmallAngleCalorimeter§ RC & SAQ:
] Ll LI 2 “ sampling calorimeteds$ lead scintillator,D p «® .
11 coL & y | IRC:two modulesurrounding thebeanpipe, in front of the LKr
2 " cr Dump K SAC:installed inside the beam vacuum, upstream of the dum|
I N ? o <l mrad o
o 100 100 200 dlzso o Probablllty of © 0 _F_ I
1050 mrad 1-10mra eventpassingll photon vetcconditions
t (8 8 ) :

12 Large Angle Ve(bAV) - ¥\ / \ meets targeequirementor bkgrejection

stationgmade of multiple : : p TI“ suppression

rings of 37 cm long Schott =

SF57 leadlasslocks =
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barrel; ¢ @ per station, : Pi v =

depending on the number o Liquid kryptonI(Kr) % o . *

layers traversed homogeneouscal(D ¢ X T . i

y \ _homog Dcx)/ E =
LAV, LKr, IRC& SAC providehermetic coverage of polar angles up taradfrom the beam r
axis, for photons emitted, for instance, in the decayoch&n* “ “ O 7t 1079 g g g g

G5 40 45
" momentum [GeV/c]
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New upstream vetoes: VetoCounter & ANTIO

"N Veto Counter (VC)
" detectparticlesrom

% decaysipstream ofinal
' collimator
FactorD o rejectionwith
D ¢b accidentaleta

Scintillator tile

[FELIX readout: Streaming Readout Workshop talk 2021]

Coll. (TCX)

i ANTI O: &
detectgarticlesip to h

D p m from thebeamline. &

RejecD ¢ o of upstream

background with ¥4 | -' )

~— ay
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https://indico.phy.ornl.gov/event/112/contributions/495/attachments/486/1338/08-12-21_A_novel_continuous_readout_for_the_NA62_data_acquisition_system_-_Streaming_Readout_conference.pdf
https://indico.phy.ornl.gov/event/112/contributions/495/attachments/486/1338/08-12-21_A_novel_continuous_readout_for_the_NA62_data_acquisition_system_-_Streaming_Readout_conference.pdf
https://na62.web.cern.ch/Documents/SPSC-SR-326.pdf
https://ep-news.web.cern.ch/content/transforming-na62

Particle ID performance in 2021-2022 data
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Acceptances

Acceptances peZ momentum bin

o
=)
]
o

0.02

Selection acceptance
©
2
[$)]

0.01—

0.005

Acceptances are evaluate@dliatensity fronrMC simulations
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—i#i— Normalisation, K'—n*n°

—&— Signal, K'—=x*vv

|

1| I 1 1 | | | | I 11 | i I 1 1 | | | | 111 | I I
15 20 25 30 35 40 45
* momentum [GeV/c]

intensity dependence capturgd in

DT PR e

o ()
OLD NEW
(2018%) (20212022)

Normalisation
acceptance

11.8% 13.4% +15%

Signahcceptance

(6.37 0.64)% (7.62 0.22)% +20%

Increased selection efficiencies
x Newv “ matching technique
X Retuned vertex conditions
x Relaxation of some vetoes
Improved precision + improved systematic uncertainty evaluation
x PID andv “ matching syst. uncertainties cancel in the ratio
x Photon veto and multiack veto conditions only applyoto (1 )
[2.86 sys is applied b  in each momentum bin]
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Random veto efficiency - |
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Depends only on intensity; measured ffon® * ' MB events
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Trigger efficiency ratio -7
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Trigger efficiency ratio:
x New: several components in both signal (PNNhandalisation
(NORM) trigger#y partial cancellation of trigger inefficiencies
x 0Old: in 20162018 analysisprmalisatiorvents collected with a
fully independent min bias triggemo cancellation
Improved precision by factor 3 with reduced systematic uncertainty
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Bayesian classifier for

Inputs: spatial CDA) and time&"Y) matching,
intensity/pileup§ ) [prior]
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Upstream background estimate

2.4 B T : :
S % CDA distribution Fully data driven estimate
5 12 for URS &vents
é“’ Expectedkgin R1,2from thedUpstream Reference SamplgRS),
2 8 containin@lltypesof upstreanbbkgsmechanisms
6% x  Full signal selection biut “ matching and inverted cut on the
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CR3D signal regions definition
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