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Outline

The NA48/2 experiment

o K — 0%y (Kgg)
The NA62 experiment

o 1 = ete

o KT — mhryy

Conclusions
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The NA48/2 experiment at CERN

@ Fixed target experiment at CERN SPS North Area
Wi @ Experiments at CERN detecting Kaon decays-in-flight :

+ + + +
e NA48/2 S Kis KLs K K K K K

NA62 Run2

LHC. 1986-98 1977—-2001 2002 2021-

‘Switzariand @ Simultaneous 60 GeV/c KT and K~ beams

@ Each kaon is measured with KAon BEam Spectrometer:
o(X,Y) ~ 800 um, o(Pk)/Px ~ 1%, o(T) ~ 600 ps

2007-8 2016-18

a o 3
Final Magnet oL g
collimator DCH1 ;1 DCH4™ ~ *
Protecting
collimator Cleaning
| Decay volume
KABES 3 L
] g J
I S—
e

Kevlar window

100° - 200 250 m
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The NA48/2 detectors

A. Bizzeti

Muon veto sytem
Hadron calorimeter

Drift chamber 4
Anti counter 7

° ’ Muon detectors (scintillators) | ——

e Hadron calorimeter Helium tank
Drift chamber 3

e Liquid Krypton (LKr) EM calorimeter

Drift chamber 2
Anti counter 6

high granularity, quasi-homogeneous
ox/E =3.2%/E"> ®9%/E & 0.42%
(E in GeV)

oy =0y ~ 1.5mm at 10 GeV Drift chamber 1

Kevlar window

e Scintillator hodoscope (2 planes) A

fast trigger, o, = 150 ps

o ’ Magnetic spectrometer (4 DCHs)

4 views/DCH: redundancy = efficiency Decay region ~ 114 m long Bea}
op/p = 1.02% & 0.044% p (p in GeV/c) Detector region ~ 50 m long

e Photon vetos

NAG62 precision results QCD@work 2024
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A. Bizzeti

K+ >

O7T0,u:|:V

(K)2)

[NA48/2 Collab., JHEP 03 (2024) 137]

NAG62 precision results
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K* — mm v (Ky4) — current status
Kt(atresty - nm [Tv

Theory

Five kinematic variables
(Cabibbo-Maksymowicz 1965):

Sy = M? S, = M?

i v

cosl, , cosb;, 10}

(I=e,p)

7t (n°) ‘\“cp
dipion/ g N % )

NS4 =
() | v

e The K* — 7 [*v amplitudes depend on F, G, H, R form factors.

o 770 in s-wave = no dependence on cos f, ¢; only F and R contribute.

o Negligible R contribution to K4 due to the small electron mass.

Measurements
Kjs mode | BR[107%] | Neandidawes | Experiment
K~ 426404 | 1108941 | NA48/2 (2012)
Kgf 255+04 65210 | NA48/2 (2014)
Kt~ 14 +9 7 | Bisi et al. (1967)
K, ?

A. Bizzeti NAG62 precision results
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K* — 70700 (K%) at NA48/2

I

Goals:

o first observation
@ ChPT test

@ check of R presence

Analisys challenge:

suppression of huge background from K* — 7%%z% (7% — utw)

Form factors:

@ Use the experimental F (S, S;) parameterization from Kg?, according to lepton
universality [ NA48/2, JHEP 08 (2014) 159 ]

@ For R(Sy,S;) use ChPT 1-loop calculation
[J.Bijnens, G.Colangelo, J.Gasser, Nucl. Phys. B 427 (1994) 427 ]

A. Bizzeti NAG62 precision results QCD@work 2024
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K* — 7% event selection

@ Use K* — 707%* (K3) as normalization channel

P, [MeVic]

@ First set of common cuts for signal and normalization:
select one charged particle and 2 7°s from a common origin

@ Normalization events selected using 37 invariant mass and pr ~ —

@ Dedicated kinematical cuts to select signal events
@ Reject K* — 70797 events with 7+ — ;i * v decay in flight
by imposing cos 0, < 0.6 and S, = M?("v) > 0.03 GeV?/c*

& 005 & 0.05p
< oossf- back d (K% MC < ooaskE signal (K% MC)
% R .4 ackgroun ( 37 ) z e g pé 10°
O, 004 '.I 0 Q. 004
X F 3 F L
%) E %) = L
0.035F S, >0.03 GeV?c* 0.035¢ S, >0.03 GeV?c*
0.03f 0.03F 1
0.025F 10° 0.025F
0.02 -~ - e _ e 002F~ - Jo--_ oSSR, ______________
F — 2 E
0.015F Su=mz 0.015F 10
E 10 E
0.01F 0.01F
0005F 4 ' 0.005F
of i E 1
006 008 01 012 014 016 018 06 008 01 012 014 016 018

0
0.l
S, [GeVic] = M2 (n070) S, [GeVic] = M?(n070)
A. Bizzeti NAG62 precision results QCD@work 2024 8/28



K:I:

Events/(0.0004 GeV?/c4)

0.0, =+

— TV

Residual background

Discriminating variable: missing mass squared (= neutrino mass squared):

700

600

500

400

300

200

100

A. Bizzeti

m

2
miss

-0.008 - 0.006 - 0.004 -0.002 O

| —— Data
| -,

B Ky, m,, before LK
1| — Kj,,, other muon

0.002 0.004

0.006 0.008
m? . [GeV/c!]

NAG62 precision results

= (Ex — Eqo — Eqo — Ey)* — Pk + P + P — Bul’c

@ 2437 events in the signal region
Im2..| < 0.002 GeV?/c*

@ Control regions
Im2| > 0.002 GeV?/c*
used for background evaluation

@ 354 4 33 = 624y expected
bkg events in signal region

@ Signal acceptance:

As = (3.453 £ 0.00740) %
for S, >0.03 GeV?/c*

@ Normalization sample:

7.3 x 107 K3 events,
Ay = (4477 % 0.0024)%

QCD@work 2024 9/28



K* — 7%7% v Branching Ratio [JHEP 03 (2024) 137 ]

Ng A
B(K* — n'7nuFv) = N—Ii . ﬁ - Kuig - B(K* — 71 707)

(0.999 +0.002)  (1.760 + 0.023)% [ PDG 2022 ]

e For the restricted phase space:

GeV?

B(KE —'7%uFv, 5, > 0.03 o) = (0.65 £ 0.02450 £ 0.02455 & 0.01ex,) X 107°

= (0.65+0.03) x 107°

e For the full phase space (using R jo0p and F(K?) form factors):

B(K* — 71°7%uFv) = (3.45 4 010405 £ 0. 1155 & 0.05¢5) x 107°
= (3.45+0.16) x 107°

A. Bizzeti NAG62 precision results QCD@work 2024 10/28



K+ —> 1

OWO/L:EV

— Quality check of simulation

Good agreement of Data with simulated Signal + Background distributions

S
a
o

Events/(0.001 GeV?/c4)
= = N N w w B
o (4 o (4 o a o
o (=} (=} (=} o (=] o

o
o

0.035 0.04

S, = M*(uv)

—4— Data —4— Data
@ MC Signal 180 I MC Signal
[ Background [ Background

0.045
S, [GeVZ/c?

0.05
]

n
o
(=]

[N
(=23
o

Events/(0.001 GeV?/c4)
= = =
5 3 8 8 8 8

N
(=]

0.07 0.08 0.085 0.09 0.095

M?(7070)

The limited kinematic space accessible does not allow a measurement of the R form factor

A. Bizzeti
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K* — m97%F v — Comparison with theory [JHEP 03 (2024) 137 ]

O O Theoretical evaluations @ NA48/2data  --- NAA48/2 result

Form factor model -

FKQ) (], R=2x R, [21 — —o— o

FKQ ], R=0 — o —e—

—> F(KD 1], R0 2] — (Best agreement) NA48/2 —9— o

FKD) [31, Ry [2] — —0—  —e=

F1-Iaop [2], R1-Iuop [2] I o ‘—.;—‘

F oo [2], Rigeo [2] — 0 —e—|
....I....I....I....I....EI....I....

1 1.5 2 25 3 3.5 4 4.5

00 6
[1] NA48/2 Collab., JHEP 08 (2014) 150 BR(K4) x 10

[2]J. Bijnens, G. Colangelo and J. Gasser, Nucl. Phys. B 427 (1994) 427
[3] L. Rosselec et al., Phys. Rev. D 15(1977) 574
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The NA62 experiment at CERN NAG2Z [,

@ Fixed target experiment at CERN SPS North Area

@ Experiments at CERN detecting Kaon decays-in-flight :

Kpis Kis Ks KT K* kT kt

]
NA62 Run2

1986-98 1977—-2001 2002 2003-4 016-18  2021-.LS;

2007-8

@ Main goal: measure BR(K+ — 77 vi) at 10% accuracy
o SM prediction: BRsy = (8.4 +£1.0) x 10~
o Measured values:

[E949/E787, PRL 101 (2008) 191802] BR = (17.3f}(1):§) x 10~
[NAG62, THEP 06 (2021)093] BR = (10.6f§:25tat + 0.9Syst) x 10~ 1
o Data taking resumed in 2021, data analysis ongoing

Broad physics programme: LFV/LNV searches, exotic
particle searches, precision measurents (this talk)

o 10— ete (NEW preliminary)

@ KT — ntyy [PLB 850 (2024) 138513]

@ Kt — wrutu™ [JHEP11(2022)011, 06(2023)040]
@ Kt — wletvy  [JHEP2023-09,040]

A. Bizzeti NAG62 precision results QCD@work 2024 13/28




The NA62 beam and detector

Designed and optimized for KT — 7t i

[JINST 12 (2017) P05025 |

Straw Hodoscopes:
Se+condary 15 GeV/cbeam: L}z;lrge A\r}lgle Spectrometer trigger, time | | Hadronic calo,
KH(6%) /7T (70%) /p(24%) photon veto muon detector
. — i \ \
=2 K™ identification STRAW CHOD
(o, ~ 70ps) LAV MUV1,
11 400mm Be /
Target| KTAG GTK
0 +——r——l-ammanic, CHANTI Vacuum
1 17& / O(107°) mbar ; : i
1] D
{| Primary beam: ’ Beam guard ring ‘ Dump
1 GeV
5 11400 = SPSI2 ’ Beam spectrometer.(a, ~ 90 ps) ‘ =/ id, trigger, | [om. Small Angle
protons, ~ 10°“/s . Fiducial decay volume | . (01 ~70ps) | | calorimeter| | Photon Veto
'r—” T : T : v !
0 100 150 X 200 250
Z[m]

UPSTREAM ¢«—,

A. Bizzeti NAG62 precision results

i—— DOWNSTREAM
Veto on additional charged particles: MUVO + HASC

QCD@work 2024

14/28



70— eTe

NAG2 new, preliminary result
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70 — efe Theory

2

m2

@ Experimentally observable: B(m’ — ete™ (v), x = —% > Xeu)
0

o Dalitz decay 7° — v eTe™ dominant in low-x region
o Forx > 0.95, Dalitz decay ~ 3.3% of B(7" — ete™(v))

@ Previous best measurement [KTeV, PRD 75 (2007) 012004] :
B(r® — ete (), x > 0.95) = (6.44 +0.25 +0.22) x 1078

@ Using latest radiative corrections
[JHEP 10 (2011) 122], [Eur.Phys.J.C 74 (2014) 3010]
the result can be extrapolated and compared to theory:

B(m® — ete™, no-rad) x 103

KTeV, PRD 75 (2007) (6.84 £ 0.35)
Knecht et al., PRL 83 (1999) 6.2 £0.3
Dorokhov and Ivanov, PRD 75 (2007) 6.23 +0.09
Husek and Leupold, EPJC 75 (2015) 6.12 £ 0.06
Hoferichter et al., PRL 128 (2022) 6.25 +0.03

A. Bizzeti NAG62 precision results QCD@work 2024

Diagram considered in
theoretical predictions
leading to

B(n® — ete™, no-rad)
for various 70 — y**
transition form factors
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70 — ete™ at NAG2: Data sample and Trigger

Data sample collected by NA62 in 2017 and 2018

Signal decay mode: K™ — 7770, 70 — ete™ (K — nt7d)
o Latest radiative corrections included in the simulation

Normalization decay mode: Kt — mTeTe™ [ B=(3.0040.09) x 1077 ]

o Identical final state as signal, same selection criteria — cancellation of systematics
o Selected in the almost background-free region m,, > 140 MeV/c?

Multi-track electron trigger used to collect both signal and normalization samples

o Level-0: RICH, CHOD, LKr (downscaling factor Dyt = 8)
o Level-1: KTAG, STRAW
o Total trigger efficiency > 90% for both K+ — 7770 and K+ — nFete™

Backgrounds for the signal decay mode

o Kt — mtete : irreducible, flat in the signal region close to the 7° mass
o Kt - atnl, 79 5 yete™ (KT — 7t nl), Dalitz decay

o large-x Dalitz decay

o photon conversion in STRAW + selection of a eT from conversion
o Kt = 770 7% = etemete™ (Kt — m7dp) with two undetected e*

A. Bizzeti NAG62 precision results QCD@work 2024
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Common selection for K+ — 7770, and K™ — ntete”

@ Three-track vertex topology (STRAW) mTeTe  invariant mass
@ Timing cuts (KTAG, CHOD) Ng [ NAG2 Prefiminary o
@ Kinematic constraints on total and % 2500: Hx-ree
transverse momenta of the vertex = B
S 2000
@ Particle ID using LKr + STRAW & C
and decay kinematics (invariant masses) 1500:
o7t : E/p<09 - ¢
o et 09<E/p<11 1000
o 480MeV/c* < .. < 510MeV/c? -
o m, > 130 MeV/c? 500/~
@ background suppression: C
e Use STRAW hit information to reject Q 14F i 1
. E .| I
e* tracks from + conversion s Uk LTIE PR SUPE P AP Y 1
o Reject events with an extra track segment & 821' t 1
reconstructed in STRAW 1 and 2 480 487 464 466 468 490 4921494295 498 500 502 504 506 508 510
compatible with the vertex Mg+ Mhee [MeV/c’]

A. Bizzeti NAG62 precision results QCD@work 2024 18/28



Kt — mTeTe™ normalization sample

e e invariant mass (control region)

T **Ennez praimi
o - refiminary —— Data
@ Common selection applied E’ 180; | l Ny | Pk rwee
o o |
@ Normalization region: 3 F i | | I | i |
140 MeV/c? < m,, < 360 MeV/c? g 140} || 1l
@ 12160 observed events 120 H |
100
@ Normalization acceptance % ! |
(4,70 £ 0.015a0) %
60
@ Sample purity > 99% 0 ;
@ Effective number of kaon decays 20
Ng = (8.62 £ 0.085 + 0.26¢x) x 10!, o
external uncertainty from O 1uF ——
Bepg (KT — nrete™) = (3.00 £ 0.09) x 1077 2 12f4 . PRI B
0.65 '\
@ 160 180 200 220 240 260 280 300 320 340 360

M. [MeVic?]
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K+t — 7tq0

. Signal sample

ee” invariant mass (signal region)

@ Common selection applied ”g 2%0FNA62 Prefiminar | —~— Data
2 180 K - mete
@ Fit region for signal extraction: " E W e
130 MeV/c? < m,, < 140 MeV/c? e % WK e,
£ 140f WK -
@ Signal acceptance (Xyye > 0.95) 2 ok
A(K+ — 7T+7Tge) = (572 + 0.02stat)% E
100F
@ 7 — ete™ branching fraction obtained
by performing a maximum likelyhood fit
of simulated samples to data
B(n®— eTe™ (v),x > 0.95) = (5.86 & 0.304a) x 1078
@ Fitted signal yield: 597 429
@ \?/ndf = 25.3/19, p-value = 0.152 O 14f ; I 1
-~ 12 ?
@ Branching fractions of other decays: g . 15 t ol t S AR { { ! . !
external input from PDG 2023 © ok : ' ' 1|
130 131 132 133 134 (135 136 137 138 139 140
Moo Mee [MeV/c?]

A. Bizzeti NAG62 precision results QCD@work 2024 20/28



Baca (10 — eTem (7),x > 0.95) = (5.86 % 0.305a + 0.115y5¢ £ 0.19¢) x 1078

A. Bizzeti

70— ete

= (5.86+£0.37) x 1078

Preliminary result and uncertainties

6B x 10% | 6B/B
Statistical uncertainty 0.30 5.1%
Total external uncertainty 0.19 3.2%
Total systematic uncertainty 0.11 1.9%
Contributions to the total systematic uncertainty:
o Trigger efficiency 0.07 1.2%
e Radiative corrections for 70 — eTe™ 0.05 0.9%
e Background 0.04 0.7%
e Reconstruction and Particle Identification 0.04 0.7%
e Beam simulation 0.03 0.5%

NAG62 precision results QCD@work 2024
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0 — eTe” Summary and outlook

@ New preliminary result based on data collected by NA62 in 2017-2018:

Baea (" — eTe™ (), x > 0.95) = (5.86 % 0.3045 £+ 0.114y5 £ 0.19¢) x 1078
= (5.86+0.37) x 10*

@ Lower central value than in KTeV measurement, but results are compatible:
Bxrev(m® — ete™(v),x > 0.95) = (6.4440.33) x 1078

@ Results agree with theoretical expectations when extrapolated using radiative corrections:
Brasa (7 — ete™ (), norad.) = (6.22+£0.39) x 10~
Bthemy(z()zz)(ﬂ'o —ete” (")/),1’10 rad.) = (625 + 003) x 1078

@ External uncertainty dominated by B(K™ — 7+ete™) measured by NA48/2 and E865
o New measurement of B(K™ — 7+ete™) planned at NA62
@ Ongoing NA62 data taking (2021-LS3):

o Optimized multi-track electron trigger line with reduced downscaling
o Collecting large samples of decays with di-electron final states

A. Bizzeti NAG62 precision results QCD@work 2024 22/28



K™ — ntyy

[ NA62 Collab., PLB 850(2024) 138513 ]

A. Bizzeti NAG62 precision results QCD@work 2024 23/28



K™ — 7 yy at NA62

[ NA62 Collab., PLB 850(2024) 138513 ]

x10°
12: |~ Data
. . . ¥ r [Jk= wre
@ Crucial test of ChiralPerturbation theory (ChPT) 1of
2 [
@ Main kinematic variable: z = (Pk;lif“) = (m/Mx)? of (
K [
@ Differential decay width dI'/ dz (Kt — mFy~): of r [Norm. |
e parametrized by an unknown real parameter ¢ o I
o depend on external parameters [PLB 835 (2022) 137594] ﬁ: f
extracted from K — 37 measurements : ;f -
@ Signal selection: single positive track in STRAW Aao™"a60""480 500 S IMOVIC?]
identified as 7+ matched with a K beam track;
. £ —— Dat
two energy clusters in LKr; 0.20 < z < 0.51; 4002 m DK?fTrW
kinematic constraints on 7.+~ and P+, 360¢ JM %E: :ﬂ,
@ Normalization channel (K — 7170, 7% — ~v9): 3008 P (e e
minimal difference in event selection to reduce 2508 |
systematic effects; 0.04 < z < 0.12 i:z b | |Signal|
@ Main background: v energy cluster merging in LKr i iy
in K+ — 7+ 70y / w7070 E ||
mK"—=nr oy /w 50: i
L L
Z?40 460 48“6‘"—/‘;‘60 520 0 54(/) :
m,,,, [Mev/c?
A. Bizzeti NAG62 precision results QCD@work 2024
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Kt — whyy Analysis

300 300

Data/MC

;| Data H ChPT O(p%) ;| Data ChPT O(p®)
2501 1K™~ mryy t x2ndf = 92.5/30 2500 K"~ Tryy x2Indf = 29.6/30
2007 | K"~ IO 200 | K~ T

FOIK - mly FILK - ey
150F 150F
1000 l o l 100F l l

: T+ L

ol T — nflnnnis O:H\HH\HH —— nnflnninn
1.4 ol4
L2 1 } Jfﬁ‘ S12 _H. + B

1 ++++“Pf++ Eli"’l"H‘ HTL%%++ oy g E
0'83} \_H:I— ‘Jf \+ \ \ \ \ 80'8 \ \ % \ \ . \ \ KH- \
0662 025 03 035 04 045 05 0662 025 03 035 04 045 05

VA z

@ 4039 observed events, with 291 + 14 expected background
@ The ¢ parameter is measured in the ChPT O(p*) and O(p®) descriptions
by performing a minimum x? fit of simulated data samples to data
@ ChPT O(p*) p-value: 2.7 x 108 — not sufficient to describe v mass spectrum
@ ChPT O(p®) p-value: 0.49

Ccnpr () = 1144 =+ 0069 £ 0.0344,
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KT — 7ty Results

0.35:10°
§ ~Data I E787 (1997)
1= — ; 31 events
Iy 0.3—ChPT O(p°)
T ocf NA48/2 (2014)
S0.25¢ ﬂ { TN ; 149 events ——
0.2 | NA62-2007 (2014) A
r 232 events @
0.15- TT
F / NA48/2 + NA62-2007 (2014)
0.1 J/ 381 events —
0.05F i NAG62 (2023)
- #’fy \ 3984 events -
CO Ol \IIO.Z\\ll03\\ll0.4“||0.5 \\5\\\\6\\\\7\\\\8\\\\g\\\\lO\\\\1i\\i2\\\\]-3\\\\14
z B(K' = Tryy)x10’

éChPT O(p(‘) = 1 144 i O~O69stat j: 0.0345}/5[
BRenpr o) (KT = m97) = (9.61 £ 01545 + 0.075y5) x 1077

Model-independent BR(K™ — 77 vy, z > 0.20) = (9.46 4 0.194, + 0.074y5) X 1077

A. Bizzeti NAG62 precision results QCD@work 2024
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K™ — 7ty Results

E787 (1997) R E787 (1997)

31 events @ 31 events

NA48/2 (2014) . NA48/2 (2014)

149 events o 149 events —

NA62-2007 (2014) NA62-2007 (2014) .

232 events - 232 events @

NA48/2 + NA62-2007 (2014) NA48/2 + NA62-2007 (2014)

381 events — 381 events —

NA62 (2023 NA62 (2023)

3984 events ~*~ A u 3984 events hd

e e 5 ‘2A.5 e e e s T s

ChPT O(p®) ¢ B(K* = Tryy)x10’

&6 = 1.144 + 0.0694 & 0.034, BR(KT — m77) = (9.61 % 0154y + 0.074y5) x 1077

A (W) : ¢ obtained with external parameters used by E787 (NA48/2 and NA62-2007 )
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Conclusions

New NA48/2 precision measurement (2003—-2004 data):

o K= — n'n%uFv (K79) [JHEP 03 (2024) 137]
e First observation of this decay mode
e Measured branching fraction in good agreement with ChPT predictions

New NAG2 precision measurements (2016-2018 data):

o 10— ete (new, preliminary)
e Precision comparable with previous measurements, statistically dominated
o Full agreement with latest theoretical calculations

o K+ — 1tyy [ Phys. Lett. B 850 (2024) 138513 ]

o Results consistent with earlier measurements
e Precision improved by a factor > 3, statistically dominated

Other recent results on precision measurements from NA62 (20162018 data):

o KT — m¥%tvy (Kpsy) [ JHEP 09 (2023) 040 ]
o Kt — ntputu~ [JHEP 11 (2022)011, JHEP 06 (2023) 040 |

New NAG62 physics run 2021-L.S3, data analysis ongoing

A. Bizzeti NAG62 precision results QCD@work 2024

28/28



	Outline
	The NA48/2 experiment
	  K0 0   ( K400 ) 
	The NA62 experiment
	  0 e+ e-
	  K+ + 
	Conclusions

