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Kaon decays at CERN
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Main NA62 goal: K*—n*vv measurement to 15% precision

using the decay-in-flight technique.

Currently ~300 participants from ~30 institutions.
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The NA62 beam

Detector description:
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The NA62 detector
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Upstream detectors (K*)

Downstream detectors (n*)

R. Fantechi - BLV 2024 - October 8th 2024

KTAG Differential Cherenkov counter for K* ID STRAW Track spectrometer
GTK Silicon pixel beam tracker CHOD Scintillator hodoscopes
CHANTL Veto for inelastic beam-6TK3 interactions LKr/MUVI/MUVZ  Calorimetric system
RICH Cherenkov for n/u/e ID
LAV/LKr/IRC/SAC Photon veto
Muon veto
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NA62 runs

Run 1 integrated luminosity

Run 1: 2016-2018 T

F-2016 i 2017 2018

A 10?‘I8 pot
%,’Z@ . B _ -y : L ;Em Dec:iﬁ A7 AT Deéf? Wi At Dot
T | Total of 1013 useful kaon decays
; -202 l i i
Run2: 2021-2025, ongoing Average intensity 2*10%2 protons/pulse

oAl

« Upgrades wrt Runl:

* Added 4th station to 6TK beam tracker

« Additional vetoes around beam pipe(both
upstream/downstream the FV)

« New veto hodoscope upstream of decay
volume (ANTIO)

* New H2-filled Kaon identification
detector (CEDAR-H) to reduce material
budget [since 2023]

« DAQ stability improved
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Searches for LFV/LNV

in Kaon decays
Data from Runl

h_epton Flavour Violation: forbidden in SM, predicted by many BSM scenarios

u > u
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Example: LFV mediated by a leptoquark

Lepton Number Violation: forbidden in SM, predicted by many BSM scenarios

A
&

Example: LNV mediated by a Majorana neutrino w
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Search for K*—n e*e* and K*—>nputu?

~ ‘M selection: m(n*e*e”) R ‘ LNV selection: m(:rF'le+e+) SM SC'@C'HOH
Ay Kormrere 3 (e | Candidates observed: 11041
S < @K orrey BR(K*—>n*e*e~)=(3.00+0.09)x10-7
K+ decays in FV: (1.015:0.032)=10!2
10 LNV selection
" Expected background: 0.43+0.09 evt
1 : Candidates observed: 0
" BR(K*—>n-e*e*)<5.3x10-!1 at 90% CL
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K*—n nle*e* and K*—>uve*e*

PLB830 (2022) 137172
PLB838 (2023) 137679 | m(n nle*e*)
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Expected background: 0.044:0.020 evt
Candidates observed: O
BR(K*—>nnle*e*)<8.5x10710 at 90% CL
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Squared missing mass, (Px—P,~Pe1—Pey)?
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Search for K*—>npe decays

PRL 127 (2021) 131802 | LNV: m(n-u*e*) LFV: m(n*ue*)
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K+ decays in FV: (1.33+0.02)=10%2 Expected background: 0.92+0.34 evt
Expected background: 1.07+0.20 evt Candidates observed: 2
Candidates observed: O BR(K*—>n*u-e*)<6.6x10-11 at 90% CL

BR(K*—>n-u*e*)<4.2x10-11 at 90% CL BR(°—ue*)<3.2x10710 at 90% CL
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Search for K*—>nrnue decays

Kt >non*u-e*
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To be
published
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Current status of LFV/LNV decays

LNV/LFV K+ and ©° decays, NA62 Run 1

| | lllllll | | lllllll | | I
102 10" 107° 10°°
Upper limits of decay BRs at 90% CL
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Searches for hidden sectors
in Kaon decays
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NA62 operation modes for hidden sectors

+ Use of specific downscaled trigger masks during nvv runs

+  Dedicated runs with the beam in dump mode
- Target removed, collimator closed, 50% more primary beam intensity
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Beam-dump mode:
22 ki Cu collimator (TAX) closed

1.4x10" protons on target (POT)
collected in dump mode in 2021 (few days)

103 POT (few weeks) to be collected
by end of NA62 data taking (LS3)
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K* =T Xinyisiple* @ K'—T"vv spin-of f

Peak search in the range 0 <my < 110 JHEP 06 (2021) 093

MeV/c and 154 <m, <260 MeV/c
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K*—>T* T isiple’ @ K'—>T*vv spin-of f

Basic event selection used for K* — n*vv, but
applied to the K* — n*n0 region

Main background from K* — r* 70 (2% — yy)
Estimated using MC with single y efficiency by
tag-and-probe method

Validates n° rejection estimate for K* — n*vv analysis
Expected n° — yy events: 10*22 ¢ , observed 12

Squared missing mass (2018 data)
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Kr—>mX(X—yy): a Kr—1Hyy Spin-Off

Peak search in the signal region 207 <my < 350 MeV/c?

Main background from K* — m*yy

K*—a*yy analysis
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K*—m*X searches: interpretation

The limits on the branching ratios of the three above decays translate
to the parameter space for hidden-sector portals

Higgs-mixed scalar
decaying only to SM particles (BC4)
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HNL production

Main Knvv trigger line used
N = 3.5x10%? decays

Single-track selection, with e+ PID
Peak search in m?, . =

Main background: K*—p*v (u*— e*vv)

= (P¢ - P.)? distribution
corresponding to my range 144-462 MeV/c?

Squared missing mass: (Px-P.)?

Heavily-downscaled (x400) minimum-bias trigger

line used Ny = 4.3x10° decays

Single-track selection, with y+ PID
Peak search in in m?, . =

Main background: K*—>u+vy

(P¢ - P,)? distribution
corresponding to my range 200-384 MeV/c?

Squared mlssmg mass: (Px-P

w)?
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i resolution) |
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HNL production: results
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* For |U_|?, complementary to search for n+—e+N at PIENU.

* For |U 412, complementary to search for K+—p+N at BNL-E949.
« Inboth cases, complementary to HNL decay searches at T2K.

« Future pion experiments might reach the seesaw bound.

UL on BR(K*—p*vvv) < 1.0x1076 (90%CL) + similar ULs on BR(K+—pu*vX;,) vs m(X;,,)

R. Fantechi - BLV 2024 - October 8th 2024

19



Pair production of BSM particles

NA62 Run 1, multi-electron trigger, five-track selection, N =8.6x=10!,

3 inferprefations: PLB846 (2023) 138193
* Production and prompt decays of axion pairs, K*—n*aa, a—e*e”:

exclusion of the QCD axion explanation for the "17 MeV anomaly”.
Expect BR(K*—n*aa)>2x1078 for m,=17 MeV.
[Alves, PRD103 (2021) 055018; Hostert and Pospelov, PRD105 (2022) 0150171
* Prompt dark cascade involving a dark scalar (S) and dark photons (A’):
K*->n*S, S—5A'A', A'—>ete”
« The SM decay: BR(K*—>n*e*ee*e”)=(7.2+0.7)=x10-11 [Husek, PRD106 (2022)]
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Beam dump: A' — £+¢-

Require 2+8- vertex in FV and pointing back to
beam interaction point in TAX (CDA vs z)

JHEPO9 (2023) 035

[TA'

Background types

Prompt: Interactions of single halo p with Y
material upstream of/inside FV 9 -
Combinatorial: Accidental coincidence of single 2
halo p

Upstream: Upstream hadrons refocused in the

beam—pipe by the GTK achromat %G00 50100 150 : 200 250 °
Neutrino induced: Estimated using MC and Sl
hegligible for all channels PRL 133 (2024) 111802
w10 e
Background estimation B — e |
Backwards MC (PUMAS) used to infer kinematics 1041 ="

of halo p
Pair-mixing and forward simulation for Lo-6f
background estimate at O(10Y7) POT level E T el '
Upstream background estimated by using kaons E
selected in beam dump data which are used as a = e I

. . A eV/c4]
gun for the MC simulation
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Beam dump: Hadronic final states

Production mechanisms considered:
- Dark photon (DP): Bremsstrahlung; V, P decays
 Dark scalar (DS): B — K decays
* ALP: Primakov on/off shell; P mixing; B — Ka decays

Decay channels studied
DP DS ALP
36 combinations of production | =% T At T At
and decay channel studied rtr-70%0 | wta—n70 | mta—nOx0
RTA N
KtK~ KtK~
K*K- =" KtK-=°
Channel | Noxp.cn & 0Nexy.ch | Nexpsi & 0Nexp 5w | Nov-5n | Nowwsmecn
T 0.013 £ 0.007 0.007 £ 0.005 3 4
L 0.031 + 0.016 0.007 + 0.004 3 5
rta~x® | (1.33]3) x 1077 (1.2%32) x 10~7 1 1
atx—n0x% | (1.635%) x10-8 (1.6%3-5) x 10~* 1 1
xta—n (7.343%5%) x 10-® (7.083%*) x 108 1 1
KYK~ (4.7 557) % 1077 (4.633%%) x 10~7 1 2
K*K-=° | (1.617%) x 10-? (L.5333) x 10~° 1 1

O events observed in all control and signal regions

Paper in preparation

Higgs-mixed scalar
decaving to SM particles (BC4)
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Prospects

The available results are currently based only on Runl (2016-2018)
In the Run2, we expect Ny ~4x
- Higher intensity
- Better run conditions
LNV/LFV decays
- All presented decays are not background-limited
- Expected sensitivity 4x (~1/N,)
Light particle searches
- not background limited, sensitivity ~1/N,
- background limited, sensitivity ~1/ VN,

Dump-mode
- Expected ~10!8 POT before the end of NA62 (10x increase)
- 10x better sensitivity for the background free searches
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Conclusion

+ Besides the main goal of NA62, many searches for new
physics have been performed

- LFV/LNV decay searches with stringent constraints on the BR
(~O(10-2-10-19)
- Dark sector searches
+ With specific trigger lines and with beam-dump special runs
* Model-independent limits on the production of dark light particles
* In beam-dump mode: new results on A'—€+£- and X — hadrons

* Prospects
- Improvements in Run2 on many of the presented analyses

- 10 times more statistics in beam-dump mode
+ 10!8 POT expected by the end of NA62
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., Artist’s view of the past
~ installation activity...

Thank you' ... and of the current analysis work...
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Signal regions

2021—22 data
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Expected SM signal, N3M ~
Expected background, N,,, = ll-Of%jé
Observed,N,,, = 31
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1D projection with differential background predictions
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Results: 2021—22 Data NAGZ ()

o Measure % _ - and 68% (1o) confidence interval e Use 6 (momentum bin) categories

using a prof1le likelihood ratio test statistic ¢(6). After fit B
10¢ . ; ; 3G o (use measured BR) [§Ne: ENex(s()+b) ENexlb)

=5 \ M L o / 2 oF

LT i ! G>J -

- — ! i B
(& 85 ! ! ‘2 L

Q_D: 7 :_ Theory [JHEP 09 (2022) 148]: B = (7.86¢0.61)><10'11 '™ 8 _—

:‘l E Theory [EPJC 82 (2022) 7, 615]: B = (8.60:0.42);(10‘” E -

= 6 :— NAG2 measurement Q B ' |

S - [ [ E 6 4 ‘—+— ] ®

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

Byl = 1000 = (160:39) <107 = (160 (4o [ gyt ) % 107"

Joel Swallow
I N !N:FN CERN Seminar Evaluate statistical-only component by repeating procedure assuming exact knowledge of signal and background expectations. 47
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Results in context NAGZ ()

BNL E787/E949 experiment .
[Phys.Rev.D 79 (2009) 092004] Tl » — BNL
B8 = (106441 x 1071 | | He— Nniez: ?2016%-18
[JHEP 06 (2021) 093] |
RBiz¥ = (160%7)x107 | | W T° élNA62 2021~22
V1 i
I i
B = (BT ) s Lo —e—i NA62 2016-22
e NA62 results are consistent | SM [JHEP 09 (2022) 148]
e Central value moved up (now 1.5—1.7¢ above SM) ool M lS.I.Vl I.:.E.pl‘f(.:j ]8|2| (|2|9|22?]7| | 615']'

e Fractional uncertainty decreased: 40% to 25% 5 10 15 20 25 30 35 4(
+ * = 11
e Bkg-only hypothesis rejected with significance Z>5 B(K —a vv)x10
IN FN Joel Swallow 51
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Results in context

e Fractional uncertainty: 25%

e Bkg-only hypothesis rejected
with significance Z>5

e Observation of the
K™ — ntub decay with BR
consistent with SM prediction,
within 1.7¢
e Need full NA62 data-set to

clarify SM agreement or
tension

B(K? — 7%i)

107% 5

10710 4

10—11

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 20

50

B(K* — ntvi) w0

=T i G T

Joel Swall
INFN G somner  KOTO preliminary: [EurPhys.).C 84 (2024) 4.377]  2orange: [7.4 — 19.7]x 107! 52
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