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New measurement of B(K+T — n7uD)

NEW: arXiv:2412.12015
Hot off the press! (Available since Tuesday)
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https://arxiv.org/abs/2412.12015

Golden modes K — zv: SM and beyond s )

SM: Z- pengum & box dlagrams
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» High sensitivity to New Physics up to O(100) TeV | .. o1 1es BIKT = 7twp)  [1071]

Mode SM Branching Ratio [1] SM Branching Ratio [2] Experimental Status

K* = 72t | (8.60£0.42)x 10711 |(7.86 £ 0.61) x 10711 |(10.6 £ 4.0) x 10~ nas2 1618
K, - 7vb | (294+0.15)x 107" |(2.68 £0.30) x 10~!! |<2x 1077 KOTO(2021 data

| N F N Joel Swallow ARecent SM calculations [1:Buras et al. EPJC 82 (2022) 7. 615][2:D'Ambrosio et al. JHEP 09 (2022) 148] 3
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The NA62 Experiment at CERN

~200 collaborators from ~30 institutions.
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Primary goal: measurement of B(K* — 77 uD)

New Technique: K™ decay-in-flight

Results: [pLB 791 (2019) 156] [JHEP 11 (2020) 042] [JHEP 06 (2021) 093]

Broader physics programme:
e Rare K™ decays (e.g. KT — 77 yy (pLs 850 2024 1385131)
e LNV/LFV decays (e.g. Kt — 71'_(71'0)€+E+ [PLB 830 (2022) 137172])
e Exotics (e.g. Dark photon [prL 133 (2024) 11, 111802])

Data taking

e 2016 Commissioning + Physics run (45 days).

e 2017 Physics run (160 days).

e 2018 Physics run (217 days).

e 2021 Physics run (85 days [10 beam dump]).
e 2022 Physics run (215 days).
(
(

e 2023 Physics run (150 days [10 beam dump]).
e 2024 Physics run (204 days [12 dump, 7 low Intensity]).

this result

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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NA62 beamline & detector

Secondary 75 GeV/c beam:
c 4, e :70%,p :23%,K" : 6%
>—

[JINST 12 (2017) 05, P05025]
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e Designed & optimised for study of K™ — 77D :
e Particle tracking: beam particle (GTK) & downstream tracks (STRAW)

e PID: K™ - KTAG, ™ - RICH, Calorimeters (LKr, MUV1,2), (1 detector)
e Comprehensive veto systems: CHANTI (beam interactions), LAV,LKr,IRC,SAC (y)

Joel Swallow
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https://inspirehep.net/literature/1519167

The story so far: Kt — ntvi with 2016—18 data ¥A6Z Q

‘C u Data 1) = « Data Z 0 12 - 2018 Data
0.1 = K* > mWwWMC| & 0.1 .. TV K" - mwM =
cE 0(:); ; - ] § : TR0 v C LEW
F0.06 B oos - £ 008
0.04 £ : - 0.06 : T
0.02 agemevtos a®oeee e 0 — - o« ® o
0 f_ = E 0.04 o o .
0.02 — - o er : 005 | 0.02 ikttt . s Soao v
B :_ B . . B o ._O ol - .- .
. 2016 data [PLB 791 (2019) 156] - 2017 data [JHEP 11 (2020) 042] 0 Tl
. 15 20 25 30 35 R . . —002; (VIR SR
7t momentum [GeV/c] " momentum [GeV/c]
(*N>"P assumes SM BR from [JHEP 11 (2015) 166)) —0.04 [JHEP ()6 (2()21) ()93]
Data-taking year [Reference] N, NoMexp Nops 5w s ‘Z’fl mo,ﬁintu,:?(;ev‘,‘f]
2016 PLB 791 (2019) 156] 0.1521 03 | 0.267+£0.020 | 1
2017 JHEP 11 (2020) 042] | 1.46 £0.33 | 2.16 +0.13 2
2018 JHEP 06 (2021) 093] | 5.427922 | 7.584+0.40 | 17
2016-18 JHEP 06 (2021) 093] | 7.0373%5 | 10.01+£0.42 | 20

Statistical combination: | % (K+ — 7T+1/17) — (10 6J_ré312

Joel Swallow
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Upgradmg NA62: agamst upstream background NAGZ ()

r ' thcC-c—uﬂier >

Si Pixels ~(30x60 mm active area)

4th GTK station
improves efficienc
& pileup resilience.

2021 - addition of VetoCounter TCX Gollimator

Upstream decays can be detected and actively vetoed.

Sketch only Bend6
Bend4A

Bend4 Bend5
VetoCounter:

e Detect particles from
decays upstream of
final collimator.

e Factor ~3 rejection
with ~2% accidental
veto.

ANTIO reject ~20% of
upstream background.
I N F N Joel Swallow | > 7 ‘ Signal in-time with true K™ which decays upstream.
LNF
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Upgrading NA62: against K+ — ntz’, n° — yy ¥A62 Y

Events passing 70 selection
(modifying HASC veto: study integral of background regions)

-~ 2021 - add HASC2 Z
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| e Addition of HASC2:
<

e 30% less KT — nt 7Y
e 18% less KT —» n7ntn™
e 3.5% less KT — utv

INFN o et e with only 1.5% signal loss. 8
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Beam intensity: 2018 vs 2022 NA62 ()
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e Average beam intensity increased.
INEN e o NA62 “Full intensity” with 4.8s spill = 600 MHz 9
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Signal Sensitivity .. Bos _ By

Selection Acceptances

—#i— Normalisation, K—»n*'n® —&— Signal, K'»n*vv
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(new) = (859t 1.4)% egy(NEW, 4y _», = 600 MHZ) = (63.6 £0.6) %
epv(0ld, 2,013 & 400 MHZ) = (66 £ 1) %

+20% signal acceptance gtrig(ZOIS) = (89x35)% e | — &,y = Probability of rejecting a
signal event due to additional activity.

Random veto efficiency, .,
t

Acceptances evaluated at O intensity.

: : 8trig
Intensity dependence captured in €5y,

(Wrt. 2018 analysis) e Improved precision by factor 3 with . . T
reduced systematic uncertainty. o Operational intensity higher but re-

. . . tuning vetos means £,v,is comparable.
INF N Joe Swallow e Due to cancellations in ratio. S RV P 10
LNF
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Signal sensitivity results

VAGZ2 A

e Display integrals (15—45 GeV/c, 2021+22) for summary tables.
* Acceptances evaluated at 0 intensity.

N_D 1
Ny = — - Bsps =
‘%imAmr N KERVE i ,QAEI/D
Factor Value
Nett Effective number of normalisation events (1.953 4 0.005) x 10%

A~ Normalisation acceptance

Ni  Effective number of K™ decays

(13.410 4 0.005)%
(2.85 4 0.01) x 1012

A, Signal acceptance

(7.62 + 0.22)%

ewrig  Lrigger efficiency ratio (85.9 +1.4)%
ery  Random veto efficiency (63.2 £0.6)%
Bsgs Single event sensitivity (8.48 + 0.29) x 10~14
NM - Number of expected SM K+ — ntvi events 9.91 4+ 0.34

¢ Significant improvement in SES uncertainty:

e old: 6.3% —> new: 3.5%. Due to:
o trigger efficiency cancellations

INFN Joe! swallow e improved procedures for evaluation of acceptances and &py, 11
LNF
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SM
exp %EVE
17

%SES

Assuming Z°M = 8.4 x 10711 :

UV

2021—-22: N_-=9.91 £ 0.34

2%

c.f. 2016—18 : N_ - = 10.01 £0.42

2%

Double expected signal
by including 21—22 data.




Background regions & background estimations #462 ()

Events passing mvv selection

Background Reglons 2021—22 data [/ sonaregons
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N,o(K* = n*7’(y)) = 0.83 £ 0.05 o
Nyo(K* = p*v) = 0.9 0.2 il
N,o(K* = ztntz™) = 0.11 £0.03

Joel Swallow
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e Backgrounds from kinematic

2
misconstruction tails in m. ..

Number of events Control sample events
passing signal selection in Signal Regions
in background region \
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Radiative decays: K* — z772% & Kt — utuy

o KT — 717V : extra photon = 30x stronger rejection: Ny (K™ — 7t 7%) = 0.07 +0.01

NAG2

e K™ — 11 vy : notincluded in “kinematic tails” estimation if ¥ overlaps ;™ at LKr (leading to misID as 7™)
o Suppression: based on (P — Pﬂ — P},)2 and E}, with y = LKr cluster (mis)associated to muon.
e Necessary for 2021—22 data, since Calorimetric PID degraded at higher intensities.
o Estimation: min. Bias data control sample with signal in MUV3 : Nbg(KJr — uvy) =0.8£0.4

o Validation: data sample without K™ — /,ﬁy;/ veto and PID = “less pion-like” (Calo BDT bins below z™ bin).
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w S8 .
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Kinematically select K™ — 1 vy events: E
2 . 2 G,
mmiss(KﬂZy) - (PK o P,u - Py) o
o
Py : 4-momentum of K™ from GTK (as normal) 3
(Al
P, : 4-momentum of track with 4™ mass hypothesis. N
o
Py : reconstructed from energy and position of LKr it
cluster (and position of K™-u™ vertex). XNZ
X
= -9 Observed #% Expected
f— KM2Y - KMZ
= Upstream
o
01 02 03 04 05 06 07 08

Calorimetric pion probability
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Upstream background evaluation & Validation #A62 /)

_ § : URS match +2.1 Validate precistions:
N bg — ]Vz fcdaP l T 7'4—1.8 o Invert & loosen upstream vetos to enrich with different

mechanisms: interactions or accidentals. All independent.

. Updateld to fully data-driven procedure o VetoCounter is essential: Ne‘;g’”@' =69x+14, No‘gf’”e]' =9
e Upstream reference sample (URS) Expected +-Observed
contains all known upstream mechanisms. %) S N ) A DD A A DR SN morsress S
e /cps depends only on geometry. % N s S B s I S I S R
e P, ..., dependson (AT, , N;rx)- O
< SR R 1 8
- B _ Puuen IO'9 S
o0 R e 0.8 =
- I —0.7
e - 1 es
10 —0.4
0.3
0.2
0.1

0

O 0.050.10.15020.250.30.350.4 045 0.5
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A T,I [nS]
I N F N Joel SWEI”OVY S|gna| region UpStl’eam Sample 14
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Summary of expectations

Backgrounds

From MC

KT — nt7%(w) 0.83 £ 0.05
Kt —ataY | 0.76 & 0.04
K+ — nta% | 0.07 £ 0.01
Kt — utu(y) 1.70 £ 0.47
KT — utv 0.87 +0.19
K™ — uTvy | 0.82+0.43
Kt s atnta™ 0.11 4+ 0.03

Kt > ntn ety

0.34
0.897 5%

{KJr — 7ty < 0.001
]K — Ty 0.01 = 0.01
Upstream 7.4722
Total 11.0793

Joel Swallow
I N !N:rN be.hep Seminar

Signal Sensitivity

B
Bsps = (0.85£0.03) x 10711 NMew = 22
ggSES

Assuming "M = 8.4 x 107! .

vy

2021—22: N__ = 9.91 = 0.34
c.f. 2016—18 : N__ = 10.01 £ 0.42

Expected signal doubled
by including 2021—-22 data

. N;f% per SPS spill: 2.5 X 107 in 2022
o c.f. 1.7 X 107> in 2018. = signal yield increased by 50%.

e Sensitivity for BR ~ \/S + B/S =0.5

e Similar but improved with respect to 2018 analysis for
same amount of data.

15



Signal regions

2021 —22 data
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nt momentum [GeV/c]

Events / (0.0020 GeV ?/c*)

NAGZ [,

Expected SM signal, N°M ~ 10
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Expected background, N, = 11 0+21

Observed, N, = 31

1D projection with differential background predictions
& SM signal expectation [not a fit]:
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Combining NA62 results: 2016—22 NAGZ Q)

o Integrating 2016—22 data: IV, = 18_2 , N ,.=351.

= $ Novs = Nexp(s(0)+b) B Nexp(b)
-1 § .

0 16 18 18 I el
O (S1) (S2) '

‘B 8__ :1 7 .

s

el i

& 6

= |

0

e s e
1 2 3 4 5 6 7 8 9 10 1112 13 14 15

Category
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Combining NA62 results: 2016—22

o Integrating 2016—22 data: N, = 18*>, N, = 51.

_2)

VAGZ2 A

e Background-only hypothesis p-value = 2 X 10~/ = significance Z > 5

$ Nobs = Nexo(s(8)+b) ENexp(b)

RN
o

Number of events
(0 0)

L] L]
L] [ ]
e L]
- L] L]
L] L]
[ ] [ ]
— L] L]
L] L]
L] L]
[ ] [ ]

ol 1 |

18 18 FoR 122
S1) (S2)

Sl it il

Joel Swallow
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Combining NA62 results: 2016—22 NAGZ Q)

o Integrating 2016—22 data: N,, = 16 > ,N, =51.

_2 )
—7
o Background only hypothesis p- value 2 X 107" = significance Z > 5
~ 10 S re - $ Nobs = News(5(6)+b) ENexs(b)

& o Eet 2 10f | . 2021-22
S b 1 / ® Hhe 18 18 ;
<<’§ 2 ' - O - (S ) (52)

T 7:_ ——— SM [JHEP 09 (2022) 148] ‘S 8 §17 '

j 65 ——— SMI[EPJC 82 (2022) 615] 5 B
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Results in context

Joel Swallow
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| KOTO direct exclusion @ 90% CL

-
- g
-
S

f"
-

SM
M [J

EPJC 82

g

EP 09 (20p2) 148]

— —
pr—
—_
— — -

'_
_— _—
-

NA62 (2016-2022)

022) 615]

= 10: ¢
H—1 NA62: 2016-2018 .
o
—e——1 NAG2: 2021-2022
—e—1  NAB2: 2016-2022 e
SM [JHEP 09 (2022) 148] ‘
|l  sSMm[EPJC 82 (2022) 615]
[ T s Y

B(K*t — ntvp) x 101

e NA62 results are consistent. Fractional uncertainty decreased: 40% to 25%

e Central value moved up (now 1.5—1.70 above SM)

50 75 100 125 15.0

e Bkg-only hypothesis rejected with significance Z>5

B(Kt — ntvi) x 101

e Observation of the K™ — 7 vD decay with BR consistent with SM prediction, within 1.7¢
e Need full NA62 data-set to clarify SM agreement or tension

175 20.0 225 25.0
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NA62

K™ - ntup

Forbidden Decays

o K™ — LD : [pLB 79
(2019) 156] [JHEP 11 (2020) 042]
[JHEP 06 (2021) 093]

e New: Prelim. 2024 [this talk]

e K* — 77X :[JHEP 03 (2021) 058]
[JHEP 06 (2021) 093]

e (Kt > atrd, ) 7V — invisible

[JHEP 02 (2021) 201]

o« KT - 7% 7% - ete™ [prelim.

Spring 2024]

e Tagged neutrino [prelim. 2023,
arXiv:2412.04033 (Dec 2024)]

e K™ — m7yy [PLB 850 (2024) 138513]

Joel Swallow
I N !N:FN be.hep Seminar

physics programme
with 2024 results

Exotics

o K* — n%1ue [PLB 859 (2024) 139122]

o KT > (nV)m~ete™ [PLB 830 (2022) 137172]
e Kt - nvete™ [PLB838 (2023) 137679]

e K* — mue and 7° — p~e™ [PRL 127 (2021)

e Beam dump dark
photon searches:

e A' = ¢~ [PRL 133
(2024) 11, 111802]
[JHEP 09 (2023) 035]

e A’ — hadrons
[prelim. Spring 2024]

13, 131802]

21
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Study of K+ — 777%, 1% — ete™  mewsminazzg NABZ Y

Using NA62 2017+2018 Data:

+ 4 ,—

e Experimentally observable BR:
e Normalise to K™ — n7eTe™ (almost all cuts identical)

B’ — ete (y),x > x.,) where x = m?2,/m?,
7t e Trigger with downscaling ~8 and 90% efficiency

e Using latest radiative corrections [JHEP 10 TN o B e S S S A S oo
(2011) 122], [Eur.Phys.J.C 74 (2014) 8, 3010] this T =t S N S W N Py
result can be extrapolated to the full phase- = MK o
space and compared to theory: i b S B Lt

B (7% — ete~,no-rad) x 108 T . S— —— L
z
KTeV, PRD 75 (2007) 6.84(35) it 120 .................................................................
Knecht et al., PRL 83 (1999) 6.2(3) 100 i SR Y =05 2 ST =2 LT
Dorokhov and Ivanov, PRD 75 (2007) 6.23(9) b 3 5 5
Husek and LEUpOId, EPJC 75 (2015) 612(6) 80 ............... ............... ..............
e e N n . L
e Diagram for 7’ — ete™ : 40
e considered in : 208
theoretical predictions, _" ' w
with various 7V — y*y* = - e
transition form factors = ;:ﬁﬁﬁiﬁﬁﬁ{ﬁﬁﬁjﬁﬁﬁfﬁﬁﬁﬁfﬁﬁﬁ,fﬁﬁiﬁﬁfﬁﬁﬁﬁﬁﬁﬁigﬁffﬁﬁﬁﬁﬁﬁiﬁﬁgﬁﬁﬁ{fﬁﬁﬁﬁfﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁiﬁﬁfﬁﬁﬁﬁ,fﬁﬁﬁﬁﬁﬁﬁffﬁiﬁjffﬁﬁﬁﬁfﬁf;ﬁﬁ*ﬁﬁﬁﬁfﬁﬁﬁﬁfgﬁﬁﬁfﬁﬁﬁfﬁPf
0 + - —8 § 0g532ﬁiiﬁﬁﬁ.iﬁﬁﬁﬁﬁ}ﬁﬁﬁﬁﬁﬁ{ﬁifﬁﬁl{Ilﬁi.+.ﬁﬁﬁ%ﬁﬁﬁfﬁﬁﬁﬁﬁ;ﬁﬁf%ﬁiﬁﬁﬁﬁﬁﬁﬁﬁl*.ﬁﬁﬁﬁlﬁfﬁﬁﬁiﬁﬁ+ﬁﬁﬁfﬁﬁffﬁﬁﬁiﬁﬁ{ﬁﬁﬁﬁﬁl*ﬁﬁﬁﬁﬁﬁ}.ﬁﬁ?iﬁﬁ.ﬁiﬁﬁlﬁﬁfﬁﬁ%lﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
B’ — ete™) = (5.86+£037)x 1078 8 ogr" Mttt St I H DR o

130131 132 133 134 i35 136 137 138 139 140
INFN o Swalow [New: NA62 for x > 0.95] M MeV/c?] 23
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https://inspirehep.net/literature/1298277

Tagged neutrinos at NA62
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o Goal: search for K™ — u™v, with:

e« K™ and u™ detected by GTK and STRAW trackers as usual.
o U, interacting in LKr calorimeter (20 tons of Liquid Kr, MUV12 66ton HCAL)

o U, Interaction probability 610~ : cc-pIS v, = U~ + shower

Joel Swallow
I N !N:FN be.hep Seminar

e Trigger based on u™, ;41— and shower activity.

NAG2

[De Martino, NuFact23]

24


https://indico.cern.ch/event/1216905/contributions/5448754/attachments/2702123/4690877/NuFACT_NuTagging_DeMartino.pdf

NAG2

[New: arXiv:2412.04033, Dec2024]

Tagged neutrinos at NA62

e Using 2022 NA62 data:

o Exple?cted signal: e Detect 1 candidate
ex — -+ —+

e Background (dominated by K™ — ,u+l/ + pileup): e Demonstrates the neutrino

o NP = 003470073 |star T 0.0045yst tagging technique.

MUV3

Joel Swall A LKr MUV froNIIltUp\lilzle
I N F N oel Swallow X LZ CHOD front plane front plane oF
~ LNF
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Forbidden K™ Decays
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Searches for CLFV/LNV Decays at NA62 #¥46z§

* Observation of Lepton Number/Flavour < Use 2016—18 data set.
Violating (LNV/CLFV) processes would

be a clear indication of BSM physics.  Use 3 Multi-track triggers (Downscaled

by factors of O(10).

¢« E.g. K™ — ﬂ_fl ’/ﬂz via exchange of  Normalise to ‘similar’ SM decay, often

Kt = nTete™

Majorana Neutrinos (analogue to Ovff

decays) [JHEP 05 (2009) 030] ~ Data
[PLB 491 (2000) 285]. — P B
it o K'—n*nl
b
W+ .....
Y d
i e O

<

E ‘ | | |
Joel Swallow ! | | n[Vk o " QiR
INFN | 300 350 400 450 500 550 07
" LNF be.hep Seminar m(ne*e) [MeV/cz]



https://inspirehep.net/literature/811669
https://inspirehep.net/literature/527940

Search for K™ — ]Z'O]Z'//te PLB 859 (2024) 139122 HAEZQ-.

Mode Expected Candidates | B Upper limit

background observed at 90% CL
K%t ute 0.33 £+ 0.07 0 2.9 x 10~10
Ktn%7ttu~e 0.004 £ 0.003 0 3.1 x 10~1Y
Ktn%ttute™ | 0.29 £ 0.07 0 5.0 x 1019
~utet K+ = nuet

Kt - a%zntute”

- Data

[ —e— Data

i | === Data

; : : [ K" —x'x’ng,
10 g [ K e tgy
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https://inspirehep.net/literature/2831122

Searches for CLFV/LNV Decays at NA62 #¥A6Z()

LNV/LFV K* and n° decays, NA62 Run 1

PLB 830 (2022) 137172
PLB 797 (2019) 134794
PRL 127 (2021) 13, 131802

PRL 127 (2021) 13, 131802

PLB 830 (2022) 137172
PLB 859 (2024) 139122

PLB 859 (2024) 139122

PLB 859 (2024) 139122

PLB 838 (2023) 137679
PRL 127 (2021) 13, 131802

 Comprehensive set of CLFV/
LNV searches in K™ decays.

o Strong prospects for further
Improvements due to:

¢ 2021—LS3 data

e updates to multi-track
triggers and reduced
downscaling.

50

Joel Swallow
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0" 0" 10
Upper limits of decay BRs at 90% CL
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Exotic Processes
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VAGZ2 A

NAG2 in beam dump mode

® target removed and TAX closed, KTAG and GTK not used:

i MUVO
" CHOD
E Ny T ST:R?W ] MUV1,2
5 L1 [rica | lif o
E 0 i Eaeeee CHANTI——Vacuum™ o - e e g
.5 | Standard setup § | Beam-dump setup /\ \ il HASE
1-: 1-: TAX ¢ 5 1 1 l l l \ l l L Ll l liRICH :
- :/No target ll II o rgntl(a)l“,%zt Decay - :-T(Cr
; : = - ‘ Region: =
0 SR 66 s e ~

Z [m]

0 10 20 30 0 10 20 30

Z [m] Z [m]

o Search for LLP produced in TAX (beam dump) flying into FV and decaying
to visible SM particles detected downstream.

Joel Swallow
I N !N:FN be.hep Seminar 3




Search for LLP X (Dark photon, scalar, ALP) NAGZ Q)

e Dark Photon: A’
e Bremsstrahlung production: P - A’y , V — A'P in TAX

e Decay to di-lepton in FV: A’ = eTe™ [JHEP 09 (2023) 035] or A" — pu™"u~
[arXiv.2312.12055].

e Extensive search for hadronic final states: [new for spring 2024]
® — numerous production and decay channels:

DP DS ALP

/i (Bl o LB B o ALP: Primakoff (on-, off-shell), mixing with

7wt 70 amta 70 P ={r"nn'}, BE® - KE:0.(x)

L 50 =0 0 g 0
s - - 71 L ® DP: Bremsstrahlung, P —+ A’y, V — A’P

. . . (V = {p,w, ¢})
K™K K™K : :
K+K— 70 K+ K= 0 e DS: B0  K+0,x) g
® Altogether 36 combinations of production and decay channels studied 'Spadaro, Vulcano24]

Joel Swallow
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https://inspirehep.net/literature/2738578
https://agenda.infn.it/event/39000/contributions/233737/attachments/120568/175455/spadaro_31_05_24_Vulcano-1.pdf

Backgrounds NAGZ ()

A’ — ete™ [JHEP 09 (2023) 035]:  Nokg = 9-727.5" X 1077, Ny = 9.4775° x 1077
A’ = uTu~[PRL 133 (2024) 11, 111802]:

Table 4: Summary of expected numbers of background events for the search of A’ — p* = with
the related uncertainty. The limits reported are defined with a 90% CL.

Region | Combinatorial | Prompt | Upstream-prompt
VR 0.17 4+ 0.02 < 0.004 < 0.0069
SR 0.016 = 0.002 | < 0.0004 < 0.007
Hadronic final states:

Channel | Nexp.cR & 6 Nexp.CR G A
T 0.013 = 0.007 4
a0 0.031 = 0.016 3
(R ERaEss e limy 1
e e || BN B 1
o (8 2 i 1
KtK~ ¢ hrat il e [ 2
K+*K-#° | (1.6132) x 10~° 1

INFN ‘;Zer']:gvgg,vnar All final regions almost background-free, 5o discovery for 1 event for some cases... 33
LNF : |
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Results' Dark photon mixing/coupling strength NAGZ2
vs mass for A’ — 777~ searches -
e ¢ ¢ : 0 observed w 1072 grem

e 4 1~ : 1 0bserved (p=1.6%, 2.40

global significance)

e 25 Hadronic channel signal regions:
0 events. 107°

e Therefore set upper limits...

1 | LI B |
90% CL UL
Previous results
—— NAG62 A’ - l, obs.
----- NA62 A’ = Il, exp.
e A'=|l, exp. £1lo
A'=|l, exp. £20
——- NA62 A’ - uu, obs.

10

B
~
N

[PRL 133 (2024) 11, 111802]
10—81111:61 1 1 ||||li|02 I I lllll]:lo32
ic fi : My [MeV
Hadronic final lstaltels:ldla'rk scalar & ALP constraints Lasihiice

D) L ——
= 5 w4 BC11 90% CL UL -
=108 g | 10-5 L : i
) = i > Past experiments3
i - 8 NA62 a - hadrons: 7
e —— observed
10_6 = — S 10-6L — 1o
8 +20
@)
1077k 10-7L

BC4 90% CLUL = -
Past experiments 1

B NA62 S - hadrons: )
10~ 8L —— observed o 10-8L
- — =10 1 g

+20

Joel Swall el NAG2 Preliminarys 107°F mgl My my [NA62 Preliminarys
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Conclusions NAGZ

[INEW:
o New study of K™ — zvU decay using NA62 2016—22 data: W: ar Xiv: 2471 >
o Ny, = 18%3 ) N , =51 (using 9+6 categories for BR extraction) . 015ﬂ

) O

A 3.3 —-11 _ 3.0 1.3 —11
. Bion(Kt = xtup) = (13.0132) x 107 = (13.0 (539 cear 12173 Syst> X 10

e Background-only hypothesis rejected with significance Z>5.

e First observation of K™ — z7v0 decay: BR consistent with SM prediction within 1.7

e Need full NA62 data-set to clarify SM agreement or tension.

e Many other results in 2024 from broad physics programme:

e Rare decays: study of K™ — 7z+7r0, ) - ete” provides new measurement

Bracr (1’ = ete (), x > 0.95) = (5.86 £0.37) x 1078

e Forbidden decays: CLFV/LNF searches for K — 7'zue setting limitsat < 5 x 107"
e EXotic processes: beam-dump searches for dark photons to leptons or hadrons.

INFN > 2023—L53 data-set collection & analysis in progress... 35
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Breaking news: NAGZ {

CERN Press release :  NA62 experiment at CERN observes
CERN Accelerating science u Itra-ra re pa rticle decay

In the Standard Model of particle physics, the odds of this decay occurring are less

than onein 10 billion

25 SEPTEMBER, 2024

INFN Press release : s
CERN: LESPERIMENTO NA62 OSSERVA UN PROCESSO RARISSIMO

INFN Istituto Nazionale di Fisica Nucleare

, e CERN reports first observation of ultra-rare
UKRI Press release : g particle decay
OCTOBER1,2024 | 5 MIN READ
B A One-in-10-Billion Particle Decay Hints at
B Hidden Physics

= Physicists have detected a long-sought particle process that may suggest new

forces and particles exist in the universe 37

—

Scientific American :

I N !N:FN Joel Swallow



https://home.cern/news/press-release/physics/na62-experiment-cern-observes-ultra-rare-particle-decay
https://home.infn.it/it/comunicati-stampa-full/209-comunicati-stampa-2024/6830-cern-l-esperimento-na62-osserva-un-processo-rarissimo-che-potrebbe-aprire-alla-nuova-fisica
https://www.ukri.org/news/cern-reports-first-observation-of-ultra-rare-particle-decay/
https://www.scientificamerican.com/article/first-observation-of-one-in-10-billion-particle-decay-hints-at-hidden/

What is the nature of the K — 70 deca

Vector
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Arbitrary units
o
oo

10 20 30 40 50 60

70

10 20 30 40 50 60 70
Pr [GeV]

—h
| | |

.....................................................................................................................

— SM (vector)

— scalar

...................................................................................................................

— tensor

O
o))

o
N
| | | | |

000000/ Soo SN SRR | | 650000000000080000000000000000000000004ha00o000000 T . P . T

=
N

()
| ]

] | | | | ] | l ] ] | I | ] ] I ] | ] I | | ] E
0 0.02 0.04 006 008 0.1 0.12
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Pr [GeV] [JHEP 12 (2020) 186]

e In SM: vector form factor.
e BSM: possible vector, scalar, tensor contributions.

e Differential measurement could show presence of new physics.
INFN Joel Swallow 38
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https://inspirehep.net/literature/1816043

NAG2

(p, 1) Kaon Unitarity Triangle
VudV;kb + VchC’Z + thV;Z — 1

K — vl : Precision test of the Standard Model

SM: Z- pengum & box dlagrams
4 V

u,c,ty

1l W

e B(K — mvr) highly suppressed in SM

* Theoretically clean = high precision SM predictions
 Dominated by short distance contributions.

« Hadronic matrix element extracted from B(K — A +1/f) decays via isospin rotation.
Mode SM Branching Ratio [1] SM Branching Ratio [2] Experimental Status

K* = 72t | (8.60£0.42)x 10711 |(7.86 £ 0.61) x 10711 |(10.6 £ 4.0) x 10~ nas2 1618
K, - 7vb | (294+0.15)x 107" |(2.68 £0.30) x 10~!! |<2x 1077 KOTO(2021 data

| N F N Joel Swallow ARecent SM calculations [1:Buras et al. EPJC 82 (2022) 7, 615][2:D'Ambrosio et al. JHEP 09 (2022) 148] 39
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https://inspirehep.net/literature/2057332
https://inspirehep.net/literature/2103460
https://inspirehep.net/literature/2719296

K — nvi : Beyond the Standard Model NAGZ ()

» Correlations between BSM contributions to BRs of K™ and K; modes [JHEP 11 (2015) 166].
 Must measure both to discriminate between BSM scenarios.

» Correlations with other observables (¢'/¢, AMy, B-decays) [JHEP 12 (2020) 097][PLB 809 (2020) 135769].

* Leptoquarks [EPJ.C 82 (2022) 4, 320], Interplay between CC and FCNC [JHEP 07 (2023) 029], NP in neutrino sector
[EPJ.C 84 (2024) 7, 680] and additional scalar/tensor contributions [JHEP 12 (2020) 186][arXiv:2405.06/742] ...

20

* Green: CKM-like flavour structure
 Models with Minimal Flavour Violation -
=
 Blue: new flavour-violating interactions where LH =
. ™
or RH currents dominate s
. . =
» 7' models with pure LH/RH couplings a9
=
* Red: general NP models without above constraints .
- : : g A; or Ap only:
 Grossman-Nir Bound: model-independent relation é S| e
PLB 398 (199/) 163-168 -
| ( ) ] %(K — 71'01/1/) T+ A; +A, | X|A”]
L K General NP dAE
< 1 * N M

— N | | |
%(K_l_ — 7T+I/I/) (¢ i 20 25 30
I N FN Joel Swallow L . - L 40
i be.hep Seminar = BK;, — 71°%v0) < 43B(KY - ntup) JHEP 11 2015) 166] B(K — mvw) [107]



https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1385876
https://inspirehep.net/literature/1798889
https://inspirehep.net/literature/1794913
https://inspirehep.net/literature/1873423
https://inspirehep.net/literature/2661964
https://inspirehep.net/literature/2734758
https://inspirehep.net/literature/1816043
https://inspirehep.net/literature/2786773
http://www.apple.com/uk

K™ — 7n7vr at NA62 NAGZ ()

NA62 Strategy:

o Tag K™ and measure momentum.

NA62 Performance Keystones:
e O(100) ps timing between detectors

o O(10%) background suppression from kinematics

o Identify 77 and measure momentum. ;
e > 10’ muon rejection

e Match K and 77 in time & form vertex.

e > 10/ rejection of 7 from K+ TV decays

o Determine m>. = (PK — Pﬂ)z

miss
e Reject any additional activity.

Decay mode Branching Ratio [PDG]
Kt > u'y, (63.56 £ 0.11) %

Kt = 779 (20.67 £ 0.08) %

Kt - ntntn™ (5.583 £0.024) %

Kt = nv (8.60 +0.42) x 10~ [sm

Buras et al. EPJC 82 (2022) 7, 615
I N F N Joel Swallow A
T be.hep Seminar
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Miniss = (Picr = Pr+)® Kinematics Adeed

NA62 Performance Keystones:

e O(100) ps timing between detectors

o O(10%) background suppression from kinematics

e > 10’ muon rejection

‘Z o1 N [JHEP 06 (2021) 093]
> - > 10 rejection of 7 from K- 70 decays
S 0.08 -
0.06 — .
_ Control regions _E 1 03
0.04 — .
0.02 - (T ) Decay mode Branching Ratio [PDG]
0 : Controlreglons K+ N //t_l_y (63,56 i 0.11) %
_0.04:,”,_,,1_-,-;_m_,.,_,,,_m_l K* > ntntn (5.583 £ 0.024) %
0 10 20 30 40 S0 60 70 KT — 7Z'+JZ'_€+I/€ (4247 + 0024) % 10—5
7" momentum [GeV/c] .
77 momentum range: 15—45 GeV/c K" - ztuvp (8.60+0.42) x 107" [sm]

Buras et al. EPJC 82 (2022) 7, 615
I N F N Joel Swallow 49
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https://inspirehep.net/literature/2057332
https://inspirehep.net/literature/1854186

—h

JCalorimetersT " Particle ID ged

....... =125

P(* ID)
o
o

0.9 ___________________ i R R e S

|
N
(=

0.85° ................... ......... — ........ i ......... o ................... : NA62 Performance Keystones:

P(u*=x* misiD)

0.8— - ' ......... ................... ................... ° ................... —

I e 0(100) ps timing between detectors

0.75— .................. ................... ................... ................... ......... :

0_7:_ ...... ................... ................... ................... ................... ....... _:10 o @(104) background Suppress.lon from klnemat]CS

0.65— - ................... ................... ................... ................... :

e > 10’ muon rejection

0.6_ ...... ................... ................... ................... . ................... _ 5

e > 10/ rejection of 7 from K- ‘7t~ decays

0.55— - ................... ................... ................... ................... . ......... :

0.5 1 1 | L 1 1 1 | 1 1 1 | | L 1 1 1 | 1 1 | | | 1 1 | | | 1 1 | | | ] I_O

e e(xID) = (73.00 £0.01) %
: P(u misiDaszt) = (1.3 +0.2) x 1078

- o.12

........................................................................................................................................

E |0

Decay mode Branching Ratio [PDG]
K" —> u'v (63.56 £0.11) %

0.8 T S S D ...=|0.08 I

A N NN WU SN SN s B Kt — rtnd (20.67 + 0.08) %
- : : : : : : : —0.06

07 Kt S rrotn (5.583 = 0.024) %
0.65F ................... ................... ................... ................... ....... 0.04 K-|- N JZ'+7Z'_€+I/€ (4247 + 0024) < 10_5

o.eg_ ...... ................... ................... ................... ................... ....... S P (8.60 < 0.42) 011 o

0.55— ................... ................... . ......... ................... : Buras et al. EPJG 82 (2022) 2 615
1| | | lggl | I—I—I—.—I—I—i | I.I | I 11 1 1 | 11 1 | | 11 1 1 | 1|
I N F N 0.5 15 20 25 30 35 40 45 0 43

LNF p [GeV/c]

0.85

P(u*=r* misiD)



https://inspirehep.net/literature/2057332

0

JT

—
CDI

~
|

1078

nd(—yy) rejection inefficiencyn

| | I I | I I | I I | I I | I I | I |
15 20 25 30 39 40
nt Momentum [GeV/c]

e Probability of K™ — 7T+7TO, ) — 144

events passing all photon veto conditions:

no=(172%0.07)x 1078

Joel Swallow
I N !N:FN be.hep Seminar

1079~

Control sample of K* — 7z+;z0 Photon RejeCtiﬂn

NAG2

NA62 Performance Keystones:
e O(100) ps timing between detectors
o O(10%) background suppression from kinematics

e > 10’ muon rejection

e > 10/ rejection of z* from K 7 decays

Decay mode Branching Ratio [PDG]

K* = u'y, (63.56 0.11) %

Kt = 770 (20.67 £ 0.08) %

K" - atntn™ (5.583 £ 0.024) %

Kt - ntup (8.60 £ 0.42) x 1011 [sm)
Buras et al. EPJC 82 (2022) 7, 615

44


https://inspirehep.net/literature/2057332

Cedar & KTAG : K tagging with threshold Cherenkov counter VA62Z {\

Condenser Chromatic corrector
Light box Spherical mirror I /

Exit windows /

/ Mangin mirror
Y from 72' .

\
<—+—I'I yfrom K+

To KTAG <_+ Il
‘g s, W (Photon detection | I l

- bea VW \\a with a focusing lens SYStem) C e d ar
\' Beam pipe 700 rrrprr 458 BA RS A G

Lo guice with e /5 GeV Unseparated hadron beam

light collecting cones ]Z'+ . 70) % D 273 % : K+ : 6 % .

Beam

Wavelength [nm]
S
)
I

500 -

e Use fixed diaphragm to select ONLY Cherenkov light &5 | e 110 KR
from K™ (adjust diaphragm width and gas pressure in R || SR || e
CEDAR to ensure powerful K*/z" discrimination).

300 |-

I
200—111 pa v b b bbby by 1- 0.0
| N FN oe! swallow 90 92 94 96 98 100 102 104 106 45
Np Pe.hep Seminar Radius at diaphragm [mm]




New Cedar-H : installed in 2023 NAGZ [y

o CEDAR-W filled with N, at 1.7 bar was biggest contributor to material in beam line
(39 x 107°X,,) .

o New CEDAR-H filled with H, at 3.8 bar:
e Reduces material to 7.3 X 1()_3XO : reducing multiple scattering.

o But new optics required to account for different optical properties of H,.
e Successful test beam in 2022 (at CERN,H6) and installation in NA62 in early 2023.

Q ] L B > | I ! !
S 100 e : 4 £1.0} -
e Cedar-H Performance at NA62: > E ] oo : ;,8310; :
e >99.5% efficiency for 5-fold S0 | o “osf -
coincidence. of :
o 7+ mistag probability: 10~ E | :
gP y- : ; 0.7} -
e ~65ps time resolution 109 B4 :
- 0.6 =
0 . . . ) . = CEDAR-H (data) . -
e 30% reduction in elastically b 1 [ e CeoaRw (e \ b
scattered beam particles. {  05F -0 Expectation, A=20.6 W\ -
[ -0 Expectation, A =18.1 % ]

-5 R A . » [ B - 7
INF N 2o Swallow [JINST 19 (2024) 05, P05005] 936 . . 4.2 40 04— 5 - - 46
v be.hep Seminar  More info: [Kenworthy, PM2024] Pressure [bar] N-fold sector coincidences



https://agenda.infn.it/event/37033/contributions/227977/attachments/120185/174713/CBK_CEDARHTalk_PM2024.pdf
https://inspirehep.net/literature/2741339

Bayesian classifier for K™ — z™ matching 1aded

o Inputs: spatial (CDA) & time (AT+) matching, intensity/pileup (Ns7x) [prior]
o Models for PDFs/Prior from K+ — ztztx~ data.

o
o

3 : : : T e e
: —Kaondecays EnS T S S S S T T T T T

— Kaon decays

|— Pileup

.....................................................................................................

picon

— Pileup SYPRUPR =I E A N U U S N A S A A

o
N

itrary units

Arbitrary units

Arb

O
&)

025 | b i e ------------------------------ ------------------------------- -------------------------------- — {2 S O O A T O O O

S | O: O I O O O O O B R B el
0.5 1 1728456789 7107111213141516171819202722232¢9225
Aty +Aty ) I[ns] N

GTK

o Output: posterior probability of GTK track = true K™
selection upcare e Use likelihoods of kaons (K) and pileup (P)

o Likelihood ratio used to select true match when N > 1
|N!N:FN i‘;ﬂf;“;‘!;“,vna e Efficiency improved (+10%) and mistagging probability maintained. 47




Kinematic regions NAGZ {

5 0.151 T T T Qsoaans ] @ Signal regions:
> I j : j j Gorko rgio e Control regions:
& N .
R 10 | EEE SO S S— S S ackround ropiona- - e Used to validate background
0 - f 3piR | predictions.
ot [ 7 ' ' ' ' e Background regions:
|
3 0-05¢ e Used as “reference samples”
k - . for some background
I o - |
I : — estimates.
O— """" CRmu2 : :kaR ----------
B / :kaR :
0.051.. S
S T ... T

15 20 25 30 35 40 45
Track momentum [GeV/c]

Joel Swallow
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3D s

Od.

gnal reglons deﬁmtlon - Mas2z Y

— I o e e M A e M R = 0.15 §
e I
> 0 s F
IO T | S S =) S N S AN S ST o T | S S —— . R B
= = o 5 n o
o © CR3D % - © CR3D
[ i | i 5
== - | .
§§ 111 e R L N £ 7. 4 ) 77 e Q.':C (010 S S N N 1175 7: o L LI S
Q. - . [ ~ .
U 5 5 [ 72
. o z
e B (ﬂ 3 g - % :
néé 0_ ______________________________________________ $47 ...................................................................... %E O_ 4 ......................................................................
I 2 CR3D - 2 CR3D)
_005 | .................................. ---------------------------------- . _005 ] ---------------------------------- ----------------------------------
B | | | | | | | | | I | | | | | | | | | | _| l | l l l l l l | I l | | l | | |
-0.05 0 0. 05 0.1 , 0.15 -0.05 0 0.05 O 1 O 15
mISS = (P - P ) [Gev /C ] m|ss (P _ Pn)z [GeV2/C4]

CR3D: control region for events = (Py— P )2
. . . . WLZSS
in SR in 2 out of 3 dlmerV \
Default: GTK Default:.STRAW
) Alternative: |p| from RICH (use as a

Alternative: Nominal beam = m
INFN Joel Swallow miss,nom  yelocity spectrometer) = nzu ss.RICH 49
LNF

be.hep Seminar




Other backgrounds NAGZ ()

e No clean control samples for in data: use 2 X 10° simulated decays.

sel
MC _
Effective = Random veto & trigger efficiencies Acceptance :AKe L= — (1.3 T O-3stat) X 10 :

# of K+ \ l / / Nﬁg

Ny (K" — n7n~e™v) = Ngegye,;n B Ak, N, (K™ — mtn=e*v) = 0.897034

Branching ratio of 1(64/v

(from PDG)

e Kt = 7% vand KT = ntyy: Ny (KT — ¢) < 1x 1073

e Evaluated with simulations.
o Negligible contributions to total background. Nbg(K — nyy) = 0.01 £0.01

Joel Swallow
I N !N:FN be.hep Seminar o0
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Upstream background evaluation NAGZ [y

match e Upstream reference sample contains
N bg — Z NifcdaP i all known upstream mechanisms.
[

N Upstream Reference Sample: o N provides normalisation.

signal selection but invert CDA cut (CDA>4mm) o fCDA depends only on geometry.

ﬁd&l Scaling factor : bad cda —> good cda

o P ., dependson (AT, Ngri).

Nyrs =91

P Probability to pass K™ — 77 matchin
atch ytop 9

CalCUIate USIng blns (I) Of (AT_l_, NGTK) 12:_ .......... N .....
[Updated to fully data-driven procedure] 10:_ ______ ) D S _____
A DU o
N=51  fopa=020+003 <P, .,>=73%
s T—— e
7 4+2.1 Foo T Al o
|N!N:FN iieﬁesgvgifnv.vnar T T e ICDAI[rr?ir?w] >




Upstream background evaluation NAGZ [
— Z N ifcdaP lm ater

l
N Upstream Reference Sample;:

e Upstream reference sample contains
all known upstream mechanisms.

e /V provides normalisation.

signal selection but invert CDA cut (CDA>4mm) o fCDA depends only on geometry.

f Scaling factor : bad cda —> good cda
cda e P, depends on (A NGTK)
PmatCh Probability to pass K™ — z™ matching Zf; 25 I:).9
Calculate using bins (i) of (AT, , Ngrg) 20 —0.8
[Updated to fully data- drlven procedure] —0.7
15 —0.6
N — 51 fCDA — ()2() + 003 < P match > = 73 % —0.5
10+ —0.4
N,,(Upstream) = 7.47 1 o3

0.2
0.1

INF N Joe! swallow 0 0.05 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 O 50
INe be.hep Seminar A T,I [ns]




Upstream background validation NAGZ

e Invert & loosen upstream vetos to
enrich with different mechanisms:

e Interaction-enriched: Val1,2,7,8
e Accidental-enriched: Val3,4,5,6,9,10.
e All independent.

e Expectations and observations are in
good agreement.

e Number of events rejected by
VetoCounter:

Expected -4 Observed

L e RETSITRTITTIEY (REYTTITTRITTE SECTRLTTRCEIRL FECEPRETTRCTTIIRRRETTRETTRTR] EERTERTRERTIE SR RERTRLTTRLERL — L LS

Number of events

e (i.e. events in signal region with
associated VC signal) N TSSO S FOOSssv SO VOSSO S SO SO RO sosees e
VCrej. _ VCI"Ej. _ : : : : :
o IV exp =69+ 14, Nobs =9 L ] e e e e S s e e St
e VetoCounter is essential to control EESSA S Y SO A S S S SN B A,
upstream baCkgrOund. IR | ............................ || ............................. | ............................ | ..............

TSR Vall Val2 Val3 Va4 Val5 Valé Val7 Valg Val9 Val10

ool Swallow S|gna| region UpStream Sample
IN !N:FN masked 53
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Control regions 2021—22 data NAGZ ()

= 014 A S ] 7 R Expected 4 Observed
O — é § § é L
N - ' ' ' ' é 2
% O 1 2 ' Control regions C
O =
— 0.1} O
3 g Background regions “—

[
O 0.08 °

| O
Q" 0.06) =

| -

3 0.04 Z

=
E 0.02

0

-0.02

-0.04 _ _ _ . .

0.0 | L

I L 1 1 1 | L1 1 1 | | 1 1 | | I | L 1 1 1 | L 1 1 1 | 1 1 | .
CR1 CR2 CBRmu CRmu2 CRmu3 CR3pi CR:_SD

nt momentum [GeV/c]

e Good agreement in control regions validates background expectations.

Joel Swallow
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e Experimental measurements:
o Camerini et al. [PRL 23 (1969) 326-329]
o Klems et al. [PRD 4 (1971) 66-80]

>

e Ljung et al.
e Cable et al.
e Asano et al.
o E/87 :

[PRD 8 (1973) 1307-1330
[PRD 8 (1973) 3807-3812]
[PLB 107 (1981) 159]

PRL 64 (1990) 21-24]

2

=

107*

PRL 70 (1993) 2521-2524]
[PRL 76 (1996) 1421-1424]
PRL 79 (1997) 2204-2207]
[PRL 84 (2000) 3768-3770
[PRL 88 (2002) 041803]
o E949 (+E787)
e [PRL 93 (2004) 031801]
e [PRL 101 (2008) 191802]
o NA62:
e 2016 data: [PLB 791 (2019) 156]
e 2016+17 data: [JHEP 11 (2020) 042]
e 2016—18 data: [JHEP 06 (2021) 093]
o 2016—22 data : this result.
e Theory:
[Phys.Rev. 163 (1967) 1430-1440]
[PRD 10 (1974) 897]
[Prog.Theor.Phys. 65 (1981)]
PLB 133 (1983) 443-448]
PLB 192 (1987) 201-206]
[Nucl.Phys.B 304 (1988) 205-235]
[PRD 54 (1996) 6782-6789]
[PRD 76 (2007) 034017]
[PRD 78 (2008) 034006]
'PRD 83 (2011) 034030]
[JHEP 11 (2015) 033]
[JHEP 09 (2022) 148]

I N F N Joel Swallow
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107°

107/
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107"
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vLjung
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v 90% CL

Results in context: the long story of K™ — 77 i KAGZ ()

¢ 2-sided 68% Range

Theoretical Prediction

vAsano

vE787

GIM Mechanism NAG2
E787+E949 [ 201618
+ BNL
\ 4 o + é
N I - !
B Oscillations t qu ark lsospin relations  1® N A62
| | | | | | | | | | | | | | | | | | | |
1970 19 00 2010 2020

Publication Date
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https://inspirehep.net/literature/786693
https://inspirehep.net/literature/867241
https://inspirehep.net/literature/1351444
https://inspirehep.net/literature/2103460

[K. shiomi : Kaons @ CERN 2023]

K, — 7°vv at KOTO

[T. Nomura : Kaons @ J-PARC 2024]

e Located at J-Park 30 GeV main ring.
o KOTO continues data-taking to reach sensitivity <1071"

JOt.#

S

Branching ratio (BR)

e Planned future program (KOTO-2) key part of high
priority hadron hall extension plans at J-PARC.

Signature of KL—»mOv v

(m] FB Hinemos NCC MB BCV CV LCV
2._

KOTO

2015

2021

= "2 v +Nothing+Pt”

OEV CC04 CC05 CC06 BHCY  BHPV BHTS

(I

l)y—>
X z
o te/iron shield

to <10-10,

oj hl
LN | | | | |
k g 6 14 16

8 10 12

Assuming 2y from m0,
Calculate z vertex on the beam axis

Signhal region M2( 77 0)=2E 1E»(1-cos 6)

Joel Swallow
I N !N:FN be.hep Seminar

>
/ Vertex Calculate 70 transverse momentum

sensitivity

Search down

approachlng 10 11

predlctlon

100

KOTO 2015 (<3x10-9)

KOTO 2021 (<2x10-9)

Preliminary

Grossman-Nir bound
(<6.4x10-10)

10-10
SM (3x10-11)

Grossman-Nir bound:
indirect limit from relation to BR(K+—r1twv);
Calc’d from NAB2 results (2021) with 10 region
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https://indico.cern.ch/event/1300660/contributions/5569043/
https://conference-indico.kek.jp/event/273/contributions/5412/attachments/3619/4970/koto-240727-v1.pdf

d Y
L
KL — 71-0 vy at KOTO [ArXiv:2411.11237, Nov2024] IO(‘ ’?
S V
S00 - 21 5 0 0 TABLE 1. Summary of background estimation. The second (third)
450 :2 3 5 6:2 04132 O 0 33+0 008:0.003 0 numbers represent the statistical uncertainties (systematic uncertain-
- ° = ° =Vv. =Vv. ties).
400 Source Number of events
€Ty - K+ 0.042 + 0.014 T5:00q
; 350 1 Kr K1, — 27 (beam-halo) 0.045 £ 0.010 £ 0.006
= K —2n° 0.059 £ 0.022 020
¥ 300 0‘4981'()'108 0097 Neutron HaLdron-cluster 0.024 4+ 0.004 £ ?).%586
E = including signal region CV-n 0.023 & 0.010 =+ 0.005
~ 250 - - - - - - - ————- To Upstream-7r° 0.060 + 0.046 =+ 0.007
Q. 2005 : 0 ! 0.008 Total 0.252+ 0.055 F0-052
S 1s50F . 10.252:0.0557 || X000,
I B(K, — n°vp) <2.2x 107 @90 % CL
1001 0 0 =
. +0.035
501 0.165:00605 |0 e Result uses data from 2021

1?’_1111|1|11|1|1||||||||1|1 .Includesnewvetodetectors

2000 3000 4000 5000 6000 e y
agains ackgroun
Rec. Zytx (mm) S grounds

Joel Swallow
I N !N:FN be.hep Seminar 57

&
—



http://2411.11237

NA62

K™ - ntup

Forbidden Decays

o K™ — LD : [pLB 79
(2019) 156] [JHEP 11 (2020) 042]
[JHEP 06 (2021) 093]

e New: Prelim. 2024 [this talk]

e K* — 77X :[JHEP 03 (2021) 058]
[JHEP 06 (2021) 093]

e (Kt > atrd, ) 7V — invisible

[JHEP 02 (2021) 201]

o« KT - 7% 7% - ete™ [prelim.

Spring 2024]

e Tagged neutrino [prelim. 2023,
arXiv:2412.04033 (Dec 2024)]

e K™ — m7yy [PLB 850 (2024) 138513]

Joel Swallow
I N !N:FN be.hep Seminar

physics programme
with 2024 results

Exotics

o K* — n%1ue [PLB 859 (2024) 139122]

o KT > (nV)m~ete™ [PLB 830 (2022) 137172]
e Kt - nvete™ [PLB838 (2023) 137679]

e K* — mue and 7° — p~e™ [PRL 127 (2021)

e Beam dump dark
photon searches:

e A' = ¢~ [PRL 133
(2024) 11, 111802]
[JHEP 09 (2023) 035]

e A’ — hadrons
[prelim. Spring 2024]

13, 131802]
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Preliminary Results: K+ — 7170, 70 —» ete™ ¥AB2Z[
Braga(n’ — eTe™(y),x > 0.95) = (5.86 £ 0.305tat + 0.11gyst £ 0.19gxt) X 107° = (5.86 £ 0.37) x 107

[new preliminary result for spring 2024]

6B [1078] | 6B/B [%]
. o Statistical uncertainty 0.30 5.1
e Strong prospects for the future with optimised S R 5.1 35
trigger with reduced dOwnscaling ( ~ 8 — =N 1) Total systematic uncertainty 0.11 1.9
e Large external uncertainty from B(K* — nteTe™). Trigger efficiency . 0.07 1.2
New analysis for this mode planned at NA62. Radiative corrections for m° — e™ e 0.05 0.9
Background 0.04 0.7
Reconstruction and particle identification 0.04 0.7
Beam simulation 0.03 0.5

e Lower central value than KTeV measurement, but results are compatible:
e Brr (1’ = eTe (y),x>0.95)=(6.44+0.33)x 107"

e Result in agreement with theoretical expectations when extrapolated using radiative
corrections:

o Btheory2022(r’ = e*e~(y),norad) = (6.25 £ 0.03) X 10~°
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Backgrounds and PID studies NAGZ

e.g. for K* = 7~ (7%)e*e* searches 7 = e Misidentification e = 1 Misidentification
[PLB 830 (2022) 137172] LKr based ID () -
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* Primary background mechanisms from misidentification.
 Models from data applied in simulations to describe misiD.
» Validated using control samples [without RICH, with missing momentum].
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Searches for K"‘ —_ ﬂ//te decays [PRL 127 (2021) 131802] HAEZQ

| . LNV/LFV: K* - 7z u"e™ LFV: Kt - ztu~e’
« Normaliseto K™ — n"n"7n. 10°E
i‘; = EE ¢ Data <<S1 05|§r = ¢ Data
e Use 3 trigger streams, 2017+18 3,000 -E:*"j"*"j E : B Kon'e
-n'netv — K'-n'nretv
data: N, = (1.33+0.02) x 10'2 = ° s S el
.g 10°E B K —ntete .g 103;— ] K'>n'le’e]
 Special care needed for eMT i M e R B <oy
trigger with LKr-energy ; il 10° e
dependence 10 3 + ~ Total uncertainty 10.%—
» Signal acceptances: e | 1k
o A(KY - nutet) =(4.90+0.02) % 107F il
(] A(K+ —_— ]Z-+//t_e+) — (6.21 i 0.02) % Cg;m}_jelsz 21(3_;;_1 : L 111 : L1l | I |.|_1.! 1
« For £~ channel only: - - §;§1 R SUPOAUAR P | 1 —
m(z—e™) < 140 MeV/c? to 0.6 |||+ ..... A —— 8_32E—,:.ﬂ:j:zt::':::;::::'::::i:::']::::;::::;::;:::j::::,::::;:::;:::;:::j::::,‘:::;:T 51 N —
reject backgrgunds iﬂVOlVing 300 350 400 450 500 550 600 300 350 400 450 500 550 600
0 L3 SID My e [MeV/c? My e [MeV/c?
- — e e y+ mislD.
/ Expected background: 1.07 = 0.20 Expected background: 0.92 + 0.34
Candidates observed: O Candidates observed: 2
BEKT - uTet) <42x 10011 @90% CL RBKY - 7 utet) <6.6x10711@90% CL

From K* — zt7Y, z° - u~e* search:

+ — 10
TN EN] Yoe Svalov RB(r' - ue)<32x10077 @90 % CL
" LNF be.hep Seminar Improve by approximately 1 order of magnitude on previous BNL E865 results [PRL 85 (2000) 2877].
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