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o FCNC decay suppressed in SM by GIM mechanism

o Dominated by short distance - top quark loop
e Hadronic form factor extracted from B(K+ — ntiTy))
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o FCNC decay suppressed in SM by GIM mechanism

o Dominated by short distance - top quark loop
e Hadronic form factor extracted from B(K+ — w7 /Tv))
@ SM prediction depends on CKM parameters
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o FCNC decay suppressed in SM by GIM mechanism

o Dominated by short distance - top quark loop
e Hadronic form factor extracted from B(K+ — ntiTy))
@ SM prediction depends on CKM parameters

o Constrains unitarity triangle
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o FCNC decay suppressed in SM by GIM mechanism
o Dominated by short distance - top quark loop
o MEV
@ Hadronic form factor extracted from B(K*™ — ntiTy)) :\: ) —_—
@ SM prediction depends on CKM parameters =
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Measurement strat
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Measurem ategy
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NA62 Beamline, Detector and Datasets
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NA62 Beamline, Detector and Datasets
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o Detector designed for K+ — ntvw study

e K* decay-in-flight technique: unseparated hadron beam (70% =+, 23% p, 6% K™*),
nominal intensity 600 MHz, K™ momentum 75 GeV/c, 75 m long vacuum decay region
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NA62 Beamline, Detector and Datasets

Beam spectrometer

Downstream spectrometer
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o Detector designed for K+ — ntvw study

e K* decay-in-flight technique: unseparated hadron beam (70% =+, 23% p, 6% K™*),
nominal intensity 600 MHz, K™ momentum 75 GeV/c, 75 m long vacuum decay region

e Tracking: beam particles (GTK), decay products (STRAW)
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NA62 Beamline, Detector and Datasets

Downstream spectrometer

Beam spectrometer
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o Detector designed for K+ — ntvw study

e K* decay-in-flight technique: unseparated hadron beam (70% =+, 23% p, 6% K™*),
nominal intensity 600 MHz, K™ momentum 75 GeV/c, 75 m long vacuum decay region

e Tracking: beam particles (GTK), decay products (STRAW)

o PID: K* (KTAG), t /ut (RICH)
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NA62 Beamline, Detector and Datasets

Downstream spectrometer

Beam spectrometer
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o Detector designed for K+ — ntvw study

e K* decay-in-flight technique: unseparated hadron beam (70% =+, 23% p, 6% K™*),
nominal intensity 600 MHz, K™ momentum 75 GeV/c, 75 m long vacuum decay region

e Tracking: beam particles (GTK), decay products (STRAW)
o PID: K* (KTAG), t /ut (RICH)

o Veto systems: upstream interactions (CHANTI, ANTIO, ), v (LAV, LKr, IRC, SAC),
ut (MUV3)
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NA62 Beamline, Detector and Datasets
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e K™ decay-in-flight technique: unseparated hadron beam (70% =T, 23% p, 6% K™),
nominal intensity 600 MHz, K* momentum 75 GeV/c, 75 m long vacuum decay region

o Tracking: beam particles (GTK), decay products (STRAW)

o PID: K* (KTAG), nt/ut (RICH)

o Veto systems: upstream interactions (CHANTI, ANTIO,

+ (MUV3)

), v (LAV, LKr, IRC, SAC),

o Trigger and timing: hodoscopes (CHOD), Calorimeters: (LKr, MUV1, MUV2)
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Updates in 2021-2022 data

Detector:

@ 4th station of beam spectrometer GTK - improve
tracking performance

@ 2nd station of GTK moved upstream of scraper -
reduce background from beam interactions

GTK1 [ |
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Updates in 2021-2022 data

Detector:
@ 4th station of beam spectrometer GTK - improve Upstream veto
tracking performance VetoCounter |

@ 2nd station of GTK moved upstream of scraper -
reduce background from beam interactions

@ new upstream veto scintillator - detect particles
produced in upstream KT decays

GTK1
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Updates in 2021-2022 data

Detector:
@ 4th station of beam spectrometer GTK - improve Upstream veto
tracking performance j VetoCounter |

@ 2nd station of GTK moved upstream of scraper -
reduce background from beam interactions

@ new upstream veto scintillator - detect particles
produced in upstream KT decays

@ new upstream veto hodoscope - detect charged
particles from the upstream region outside of
CHANTI acceptance
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Updates in 2021-2022 data

Detector:
@ 4th station of beam spectrometer GTK - improve
tracking performance
@ 2nd station of GTK moved upstream of scraper -
reduce background from beam interactions
@ new upstream veto scintillator - detect particles
produced in upstream KT decays

@ new upstream veto hodoscope - detect charged
particles from the upstream region outside of
CHANTI acceptance

o 2nd HASC station at the end of beamline -
enhance rejection capabilities

Downstream beam pipe vetoes
19, 5
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Updates in 2021-2022 data

Detector:
@ 4th station of beam spectrometer GTK - improve
tracking performance
@ 2nd station of GTK moved upstream of scraper -
reduce background from beam interactions
@ new upstream veto scintillator - detect particles
produced in upstream KT decays

@ new upstream veto hodoscope - detect charged
particles from the upstream region outside of
CHANTI acceptance

o 2nd HASC station at the end of beamline -
enhance rejection capabilities

Other:
@ increase of average beam intensity by ~ 35%
@ improvements of trigger configuration

@ signal selection updates

Downstream beam pipe vetoes
19, 5
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Signal expectation

N;)if,u = NWWDB(TFVV)
B(wm)

o NP, - expected SM signal events

0 events

o Ny, - normalization KT — nt ¢
o D - trigger downscaling

B(mvv), B(nr) - from SM
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@ Axvu,Arn - selection acceptances
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Signal expectatio
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@ Axvu,Arn - selection acceptances

® cpig - trigger efficiency
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Signal expectation
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Signal expectation
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Background summary

o Same strategy for the three main KT decays:

N+ r0(SR) =

o N_i 0(SR) - expected K* — ¥ 7 events in SR
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Background summary

o Same strategy for the three main KT decays:

N, +.0(SR) = N(z=0)

o N_i 0(SR) - expected K* — ¥ 7 events in SR
o N(m*70) - events in ¥ 7 region after signal

selection
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ac nd summary

st .
@ Same strategy for the three main K™ decays: [ Evposiod & Observed

0
— +.0 5
N, .0(SR) = N(7* 7).+ 0 (SR) P e
2 f
g%k
o N (SR) - expected K™ — 7" n® events in SR E t
ot 0 p ™ ER n
o N(m*70) - events in ¥ 7 region after signal =z 4 .
; & g =%
selection 10
o f 1 .0(SR) - kinematic tail fraction (ratio of events in F
atn? region to signal region, measured on control
sample) .,

CRT CR2 CRmu CRmu2 CRmu3 CR3pi CR3D
Control Region
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ac nd summary

o Same strategy for the three main KT decays: [ Evposiod & Observed
N, +.0(SR) = N(zT7°)f_+ o(SR)

Number of events

o N_i 0(SR) - expected K* — ¥ 7 events in SR

o N(m*70) - events in ¥ 7 region after signal 4
selection 10

o f 1 .0(SR) - kinematic tail fraction (ratio of events in
atn? region to signal region, measured on control
sample)

-

—

o Other Kt decays in fiducial volume: estimated with CRi  CR2 CRmu CRmu2 CRmud CRapi CRAD
MC Control Region
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ac nd summary

o Same strategy for the three main KT decays: [ Evposiod & Observed
N, +.0(SR) = N(zT7°)f_+ o(SR) :

o N_i 0(SR) - expected K* — ¥ 7 events in SR

o N(m*70) - events in ¥ 7 region after signal 4
selection 10

o f 1 .0(SR) - kinematic tail fraction (ratio of events in
atn? region to signal region, measured on control
sample)

Number of events

-

f

o Other Kt decays in fiducial volume: estimated with CRi  CR2 CRmu CRmu2 CRmud CRapi CRAD
MC Control Region

Expected 4 Observed

@ Upstream background: fully data-driven, 10
samples enhanced by different mechanisms

02

Number of events

i i i i
SR Vi V2 V3 Vv4 V5 V6 V7 V8 V9 VI0
Upstream sample
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Background summary

o Same strategy for the three main KT decays: [ Evposiod & Observed
Not 70 (SR) = N(m*70)f 10 (SR) —

TTTTTIT

o N_i 0(SR) - expected K* — ¥ 7 events in SR
o N(m*70) - events in ¥ 7 region after signal 4

selection 10
o f 1 .0(SR) - kinematic tail fraction (ratio of events in

atn? region to signal region, measured on control

sample)

Number of events

-

o Other Kt decays in fiducial volume: estimated with CRT CR2 CRmu CRmu2 CRmu3 CRs CR3D
MC Control Region

. [FExpecied §Observed |
@ Upstream background: fully data-driven, 10 2 F _BExpected +Obse”’ef’
samples enhanced by different mechanisms % F i
S0 =
KT = x¥a%(y) | 0.83 £ 0.05 £
KT = uTu(y) | 1.70 £ 0.47 Z
Kt > ntnta— 0.11 4+ 0.03 =F+ [ iF =
— T0.33 £ i (R
Kt = ntr~etv 0.897( 57 E 4
KT = nTvyy 0.01 4+ 0.01 L
KT — 70Fy < 0.001 E
71 F : t ;
Upstream 7‘4t1.8 SR VI V2 V3 V4 V5 V6 V7 V8 Ve Vio
+2.1 Upstream sample
Total 11.0 10
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Results 2021+2022

Expected SM signal 991 £+ 0.34
Estimated background ~ 11.07%%

[JHEP02(2025)191]
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sults 2021-+2

o

i :Q 104k [+ Data st
B E ;
3 2 F { B Bk,
g 910k Kz, e,
b} E
oF g F K.. []upstream
c S 10? |{ETotal background
=
]
[=4
[
>
o

_U_OG'I‘.‘.I.H.\..H caoaa b bl ~0.04 -0.02 0.02 0.04 0.06 OUB
15 20 25 30 35 40 45 [Gev 2/0 |
n* momentum [GeV/c] Mo

Expected SM signal 9.91 + 0.34
Estimated background 11.0734
Observed 31

[JHEP02(2025)191]
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Results 202142022

— 0.12

QU
< o

Q

©R

8 o
E o008l | . : ot :

0.04[
B T

-0.02]

—0.04]

_ rl
0.06° 15

30

Caaa bl

45
n* momentum [GeV/c]

Expected SM signal
Estimated background
Observed

B(Kt — ntvp) = (16.2733

—4.3|stat
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Events / (0.0020 GeV %/c%)

10k H- Data[ K",
B Bk

10° E K2y lKJyr
E Koo DUpslream

.|= Total background

0.02 004 0.06

-0.04 -0.02 008 0.1
m2,.. [GeV ¥/c?]
9.91 £ 0.34
+2.1
11.0777
31

[JHEP02(2025)191]
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Results 2016-2022

Number of events

# Nos = Nexo(s(8)+b) ENexs(b)

@

(o)

&~

Estimated background

Observed

o
ol
IS
o
=)
~

1 1 1 1
8 9 10 1112 13 14 15
Category

3
1813
51

[JHEP02(2025)191]

vV br. ratio
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Results 2016-2022

SLBD) )

-2In( L@;

Test statistic, q(6)

10 - " @ Noos = Nexp(5(8)+b) ENewp(b)
B : £ 10
95 ‘ §
8 ! . ]
7i ——— SM[JHEP 09 (2022) 148] G 8
si ~—— SMI[EPJC 82 (2022) 615] E
é ‘— NA?2:2016-2022 E 6
5F =]
45_ 26 b= |
E 4
3
of 2
E 1o
T
ok | P I B | 1| 1 | Lo
0 5 25 30 35 2 3 45 6 7 8 9 10111213 14 15
B(K*—=nv¥) x 10" ategory

Estimated background 181'35
Observed 51

B(KT — ntvp) = (13.0

[JHEP02(2025)191]

30 tar £ 1.356) X 107 at 68%CL
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Conclusion

o —e 1 BNL
—i NA62: 2016-2018
—e——1NA62: 2021-2022

—e—i  NA62: 2016-2022
SM [JHEP 09 (2022) 148]
SM [EPJC 82 (2022) 615]

10 15 20 25 30 35 40
B(K* — mrwp) x 101

[JHEP02(2025)191]
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Conclusion

_ o First observation of KT — 77w
:I ® 1 BNL @ Background-only hypothesis rejected with
! ! significance above 50
"'-._|j NA62: 2016-2018 @ Result consistent with previous
i measurement
—e——1 NAB2: 2021-2022 @ In agreement with SM within 2o
@ Precision improved to 25%
l—o—l NAG2: 2016-2022 o Large data set yet to be analyzed
(2023 - 2026)
SM [JHEP 09 (2022) 148]
: o NAG62 will take data until summer 2026
SMI[EPJC 82 (2022) 615]

10 15 20 25 30 35 40
B(K* — mrwp) x 101

[JHEP02(2025)191]
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