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Kaon decay experiments @ CERN WﬂGZQE
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Outline: WAEZQE

New results from the NA48/2:

the first observation of the decay K*-»nm’u*v, (KOOu4)
Results from the NA62 Run 1:
= K*-m*vv decay.
=  Precision measurements
= LNV/LFV decays
= Beam-dump mode

Summary Current status of the NA62 and prospects for the future
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Outline: ﬂﬂﬁléa

New results from the NA48/2:

the first observation of the decay K*-n°mu*v, (KOOu4) Refer to the Anna’s talk
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https://indico.particle.mephi.ru/event/275/contributions/3311/

Outline: ﬂﬂﬁléa

Results from the NA62 Run 1:

= K+-mtvv decay.
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The NA62 apparatus NA62 y

Physics Goal: Measuring Br(K*— m*vv ) with 10% precision

Kaon decay in flight technique

Unseparated hadron beam: (70% n*, 24% p, 6% K*)
Primary beam: 400 GeV/c protons from SPS, 3.5 s spill Vit
Secondary beam: 75 GeV/c (dp/p ~ 1%), 750 MHz rate _J'J.li

=L |

Detector paper: 2017 JINST 12 P05025

MUVO

STRAW

GTK
Target KTAG

IProtons
1400 GeV/c

= BEAM Fiducial Volume Secondary particle KTAG - Beam PID (0, ~ 70ps)
Spectrometer and PID 60 meters Spectrometer and PID GTK - Beam spectrometer (.~ 100ps)
‘l_“ T T T T T T T T T T T T T T T T T T T t
0 100 150 200 250 Z [m] Vetos - LAVs, CHANTI, IRC, SAC, MUV
1y of operation: ~ 108 POT, 4x102 K+ decays LKr - electro-magnetic calorimeter

PIDs - LKr, RICH, MUV

Single event sensitivity for K* decays: Br ~ 1012 .
Hermetic photon veto for 0 - 50mrad
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* Dominant uncertainties for SM BRs are from CKM matrix elements

* Intrinsic theory uncertainties ~ few percent

* Measuring both K* and K. BRs can determine the CKM unitarity triangle
independently from B inputs

» Over-constrain CKM matrix — reveal NP

« Complementary to B sector
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K+ = 1Ttvv

2016 data (30 days): PBL 791 (2019) 156 = GasE
2017 data (160 days): JHEP 11 (2020) 042 % nf
2018 data (217 days): JHEP 06 (2021) 093 = o008
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Outline: ?”'52495

Results from the NA62 Run 1:

= Precision measurements
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K+ =

JHEP 11 (2022) 011 Wﬂﬁz A

Signal selection

* FCNC decay with dominant contributions mediated by

virtual photon exchange:
K+ — nt~* — gty

* Form factor parametrized in ChPT at (p°®):

W(z) = Gpm¥ (ay +byz) + W™ (2)

=m?(ptp~)/mk

[JHEP 08 (1998) 004]

« 2017-18 data

* Normalized to Kz ( Nk ~ 3.5x1012?)

 Observed 27679 events

 Expected background events: 8
K- 31 with two ni—»pv (decay in-flight)

Events / (MeV/c?)

Normallzatlon selection
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https://iopscience.iop.org/article/10.1088/1126-6708/1998/08/004
https://doi.org/10.1007/JHEP11(2022)011

K+ — ].[+H+H- JHEP 11 (2022) 011 MI&Z Q

Model independent BR ChPT form factor parameters
v BR(K* - mttputu) = (9.15 £ 0.08)-108 v a; =-0.575 £ 0.013, b; =-0.722 = 0.043
v Improved by a factor = 3 v Compatible with previous measurements

v Consistent with the previous measurements (as expected by LFU) in and ee channel

e S QST T
. . o) B 68% CL contours:
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https://doi.org/10.1007/JHEP11(2022)011

Kt = mletvy
BR(Kt->mletvy | E)J,',Bé"y)
BR(K+t—-m%etv)

Precision test of ChPT up to O(p°®) Rj —
[Eur. Phys. J. C 48 (2006)]

Process described by DE + IB + INT

BR predicted and measured in 3 regions of the phase space

NA62 /6
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estimated using signal sidebands
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e e == : S " sy
Range E~ cut fe,~ cut O(p®) ChPT [1072] | ISTRA + [1072] OKA [1072]
Ry E, > 10 MeV Oe,~ > 10° 1.804 £ 0.021 1.81 £0.03 £ 0.07 | 1.990 +£ 0.017 £ 0.021
Ro Ey > 30 MeV Oc,~ > 20° 0.640 £ 0.008 0.63 £0.02£0.03 | 0.587 £0.010 £ 0.015
R3 E >10 MeV | 0.6 < cosble~ <0.9 0.559 £ 0.006 0.47+0.02 £0.03 | 0.532 £ 0.010 £ 0.012
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Kt = mletvy

Events selected: 130K (R1), 54K (R2) and 39K (R3)
Background contamination B/S: R1: 0.5% , R2 : 0.6% and R3~0.3%
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K+ - vy NAG2

Data/MC

described by two kinematic variables Ve
: ; 53326119 = 555 | 2@z +.' +lc@r)
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350
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Outline: ﬂﬂﬁléa

Results from the NA62 Run 1:

= LNV/LFV decays
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LFV and LNV in Kaon decays ﬁﬂﬁZQa

Lepton number (L) and Lepton flavour (L, L, L) are foreseen in some BSM theories.

KromltlI*(l=e, p)
Lepton number violation:

L = 2 via Majoranna neutrinos U

(analogue to Ov2[3 decays) | NPB 176 (1980) 135
JHEP 12 (2019) 089

K+ - T[i I‘i e+

Lepton flavour violation: L =1and L, =1

)
d

Mediated by a leptoquark JHEP 12 (2019) 089

PLB 491 (2000) 285
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LFV: K+ = it u= et MI&ZQ

B - - pt et K* - ttp- et - p et
Signal Acceptance (4.90 =+ 0.02) % o221 += 0.02)58 Bl += 0.02)58
SES 82 + 0.08)x LOSS {1.44 + 0.05)x 10 S0 + 1.0)x 108
Bkgd. expectation o/ + 0.28 0.92 £ 0.34 23 + Ol
Events observed 0 2 0

BR Upper limit @ 90%CL 4.2 x 101! b6 x 108 B2 x 10 8
Previous result (pre 85 (2000) 28771 B0 x 1058 B2 X 10558 B4 x 108

Published in PRL 127 (2021) 13, 131802
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.85.2877
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.131802

LNV: Search for K* - mu*tu* (2017 data) MIEZ_Q

SM: M(Ttr ) LNV: M(TTutut)
© - Y ENA62 - —8- Data
210° 210°F K srrn
= = E K —»rapty
- =l Bl K —rne'y
:;1 0* ;1 0* = [ JK'—»npp
£ £ T O K optvpp” (x10)
210° $10°¢ N
L L =
107 102—
10 105
: = 1 eventin SR
14 e 1
107} 107"
10—2 = T B R L | 10—2 M'l -l:!?\ |I II
380 400 420 440 460 480 500 520 380 400 420 440 460 480 500 520
m(mp”) [MeV/c?] m(nu*p*) MeV/c?]
Candidates: 8357 Candidates: 1
N, =(7.94 £ 0.23) x 10" Exp.background: 0.91 + 0.41
BR = (0.962 = 0.025 ) x 10 BR<4.2x10" @ 90% CL
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LNV: Search for K* -» me*e* (Runl data) MI&ZQ

SM: M(rtte-e*) LNV: M(mrete™)

& &~ [ [-Data Do
§1 045_ et § i -K?—>e+ve+e'
2 ee 2 [|mK ey : reTion
~ L < 1_|:|K+—>:lt+?l:+?['
g T FEK'-rne'y
‘0_310 g_ ] B y
§ - § K i i|| O events in
ITHEE i SR

10°

—
<

Kt =» m'nt'm

10

K* - etvm®,

107%F
1077300 350 400 450 500 550 200 250 300 350 400 450 500 550
m(n*e*e’) [MeV/c?] m(n e*e*) [MeV/c?]
Candidates: 11041 Candidates: 0
N, = (1.015 £ 0.0032) x 10*? Exp.background: 0.43 £+ 0.09
BR = (3.00 = 0.09 ) x 107 BR <53 x10" @ 90% CL
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LNV: Search for K* - m-me*e* (Runl data) WAEZJQE

E - |-« Data
- + 0 .+ . .
2 1 [EK ompetvy _ 1 Normalization channel K* » nt* et e-
= | E,>10 MeV © S
o DK >’ g, o
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510k | E,<10Mev Kt 5 atr07% 0.16 + 0.01 0.019
G F |y Kt — ntnly 0.06 + 0.01 0.004
C D i
C E,>10 MeV Kt — W%6+V’y 0.05 £ 0.02 —
- Kt o ntnlete~ 0.01 0.001
107° Pileup 0.204+0.20 0.020 += 0.020
- Total 0.48 +£0.20 0.044 £ 0.020
i Data 1 0
107°H
- Candidates: 0
B Expected background: 0.044 £+ 0.020 events
Ill 111

BR < 8.5 x 10-'° at 90% CL

—4 L
10400 420 440 460 480 500 520 540 560 580 600
m(n n’e*e*) [MeV/c]
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LFV/LNV: Search for K* - p-vetet (Runl data)ﬂﬂGZQE

S % |[~Data
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10 E .............................. =
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Normalization Channel Candidates: 0
Br(K*-mn* e* e") = (3.00 + 0.09) x 107 andieates: = .
Nk = (1.97 + 0.02stat + 0.02 sys + 0.06ext) x 10% BR <8.1x 10" @30%CL
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NA62 LNV/LFV decays

WIIEZQ

Decay Previous BR UL [pdg] NA62 BR UL @ 90% CL Comment
K+ — T ptut 8.6 x 1011 4.2 x 1012 PLB 797 (2019) 134794
Kf-mete? 6.4 x 1010 5.3 x 101 PLB 797 (2019) 134794
Kt - mputet 5.0 x 1010 4.2 x 101! PLB 127 (2021) 131802
K* = nry-e* 5.2 x 1010 6.6 x 1011 PLB 127 (2021) 131802
K* = mrure 1.3 x 1012 - Not yet competitive
m - y-et 3.4 x 10° 3.2 x 100 PLB 127 (2021) 131802
K+ - - mletet - 8.5 x 1010 PLB 830 (2022) 137172

Kt - v etet

Pr@ﬂ@mﬁm@w 8.1 x101

First search for this mode!
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https://pdg.lbl.gov/2019/listings/rpp2019-list-K-plus-minus.pdf

Outline: ﬂﬂﬁléa

Results from the NA62 Run 1:

= Beam-dump mode
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NA62 in beam-dump mode: search for A" - pu

interaction scenario:

VA62 /6

Two production mechanisms are in action in proton-nucleus

* Bremsstrahlung production in pN -» X A’
+ Meson mediated production as pN—=M X , M->VA’,

where M= n°, w, p, ...

=== In 2021, NA62 collected 1.40 *+ 0.28 x 107 POT in beam-dump mode

1072 . ——
- ; 90% CL UL
E ] N —— NA62 A’ -y, obs.
> ° 10 3 —y A’ - uu, exp. £1o
[ A’ - uu, exp. 20
1 TAXes 10_4; Past experiments
1 closed
0 = Vacuum : [ w 105
1 | RICH “I‘ Lo-dl F)
1 A
r IRc| Dump i
-2 u LKr 1077
i T T T T T T T T T T T 10_8- L + L L 1‘03
0 100 150 200 250 2 [ MA/ [MeV]
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Outline: ?IAEZ:QE

Summary Current status of the NA62 and prospects for the future

30-November-2022 S. Kholodenko: Latest results from Kaon experiments at CERN 26/31



NA62: current status NAGZ Q

NAG2 is fully committed and approved to continue data-taking (Run2) in 2021-2025 (until LS3)

" Beam direction New detector installed and commlssmned
One major goal reached ™

220 mm LLA%:Y MCBY
085 082

(y=-55) (y=0)

F Valve

* 2nd achromat optimized for background rejection,
* 4th GTK station (GTKO),

* VetoCounter before/after last collimator,

+ 2nd HASC module

* Anti0O hodoscope for muon background reduction in dump mode

a
2 £
,,;, @ g» fv '»

V’ é?' é?'

IIIIIIIIIIIlﬂ!‘lﬂ“ﬂ‘@@@I@‘@I‘I@@E‘E
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High Intensity Kaon Experiments (HIKE)
zhniﬁu'l—:pljrpose K* experiment  (after LS3) / l E

Scrutiny the K* physics with the highest precision: High Intensity Kaon Experiments
*Measurement of the K* - m*vv branching ratio to a 5% relative precision, matching the

SM theoretical uncertainty.

*Precision measurements of K* - m*I*l” decays, and a precision lepton universality test.
«Searches for lepton flavour/number violating decays and lepton universality tests
*Measurement of the ratios of the branching ratios of the main decay modes to permille relative

HIKE Phase 1

precision
sImprovement of other existing rare decay modes
' & s 3 : +
*Searches for production of feebly-interacting particles in K* decays. [ 201 [ 202 | 2023 | 2004 | 2025 | 2096 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 203 | 2035 | 20%6 | 2037 | 2038
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High Intensity Kaon Experiments (HIKE)

Phase 2: a multi-purpose K, experiment /
Measure K modes of particular interest:
*Observation of the ultra-rare decays K, = n°*I- or establishment of stringent upper limits at High Intensity Kaon Experiments

0(10712) level

*Measurement of the K; - u*u~ decay branching ratio to a 1% relative precision

*Search for lepton flavour violating decays at the O(107?) sensitivity

*Measurement of the ratios of the branching ratios of the main decay modes to permille relative precision

*Collection of a further dataset (up to 5x10%° POT) in the beam-dump mode (with appropriate time sharing HIKE Phase 1 HIKE Phase 2
with kaon mode) l 1
*Characterisation of the neutral beam necessary to proceed to the third phase of HIKE.
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High Intensity Kaon Experiments (HIKE)

/

Letter of Intent: http://cds.cern.ch/record/2839661
Slides on SPSC Open Session (November 22)

Phase 3 (KLEVER):

Measure K; - n%vV to 20% relative precision

*Search for production and decay of feebly-interacting particles
*Search for additional FCNC K, decays and forbidden K, decays
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High Intensity Kaon Experiments
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http://cds.cern.ch/record/2839661
https://indico.cern.ch/event/1214949/contributions/5110579/attachments/2542574/4396162/SPSC_Lazzeroni_Nov2022_presented.pdf

High Intensity Kaon Experiments (HIKE) @ CERN / | KE

Letter of Intent: http://cds.cern.ch/record /2839661
Slides on SPSC Open Session (November 22)

High Intensity Kaon Experiments

Thank you for your attention
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