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The NA62 Experiment at CERN: The K* factory

* Fixed-target experiment with 400 GeV/c protons from SPS

* Physics runs:
* 2016, 2017 and 2018 (Run 1): N+ =~ 6 x 1014
* Run 2 started in 2021 and approved until CERN LS3

* Broad physics program:
e Measurement of B(K* - n*vv)
* Forbidden kaon decays (LFV/LNV) ]‘
* Exotic particles searches

* Precision measurements of rare decays (this talk):

« 1% — e*e” (NEW preliminary) From the NA62 data , y e
- K* > mtyy [PLB 850 (2024) 138513] | | collected in 2017-2018 ~300 collaborators from ~30 institutes

Previous talk
by R. Fiorenza
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The NA62 Beamline and Detector

SPECT




T’ - ete”
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7% - ete™: Overview r

 Radiative corrections play an important role for comparison with SM predictions 7"

* Lowest-order via a two-photon intermediate state

* Previous best measurement by KTeV [Phys.Rev.D 75 (2007) 012004]:
Brev(m® - e*e™(¥),x > 0.95)= (6.44 + 0.25 £ 0.22)x1078 with x = mZ,/m>2,

e For x > 0.95, Dalitz decays are ~3.3% of B(r’ — eTe™(y))

e Predictions [JHEP 10 (2011) 122] and [Eur.Phys.J.C 74 (2014) 8, 3010]:

B(m® — ete, no-rad) x 108
KTeV, PRD 75 (2007) 6.84(35) » NAG62 has a great opportunity to tag
Knecht et al., PRL 83 (1999) 6.2(3) 0(10%°) 710 decays via K+ — ntn?
Dorokhov and Ivanov, PRD 75 (2007) 6.23(9) + +
Husek and Leupold, EPJC 75 (2015) 6.12(6) and both K™ and ™ reconstructed
Hoferichter et al., PRL 128 (2022) 6.25(3) 5/15



Data sample and trigger
Signal KT - n*n% n® - ete” =Kt - n*nl, and normalization K* - mtete™
Same decay topology - systematics cancel
Background-free region for normalization: m,, € (140,360)MeV/c?
N°bS = 12160 and Ng+ = (8 62 1 0.08,; o 26ext)x1011
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- - +..0
Signal K™ —» m™m,,

* Fit region for signal extraction:
M, € (130,140) MeV /c?

* Backgrounds sources:

« K* -> mtete :irreducible, flat in signal region

010 > yete =Kt - ntn)d
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« Maximum likelihood fit of the m,, signal: ]

* Fit result: 597 + 29 signal events 40
« x*/ndf = 25.3/19, p-value: 0.152 20

B (r’> ete (¥),x > 0.95) = (5.86 + 0.30,,,,) %1073

Data/ MC
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18.07.24 7/15




Preliminary Results and Uncertainties

* The results are compatible with the previous measurement and the theoretical predictions:

B(n® - ete (y),x > 0.95) = (5.86 + 0.305,4; + 0. 11,5, + 0.19,,, )x1075

= (5.86 +0.37)x1078

0B[1078] | 6B/B[%]

Statistical uncertainty 0.30 5.1
Trigger efficiency 0.07 1.2
Radiative corrections for t® —» ete™ 0.05 0.9
Background 0.04 0.7
Reconstruction and particle-ID 0.04 0.7
Beam simulation 0.03 0.5

Total systematic uncertainty 0.11 1.9

Total external uncertainty 0.19 3.2
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KT - nhyy
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K™ - m™yy: Overview

 Crucial test of Chiral Perturbation Theory (ChPT) describing low-energy QCD processes

* ChPT at the leading order 0(p4) including next-to-leading order 0(p6) contributions necessary
for observed di-photon mass spectrum

[J.Nucl.Phys.B.2005.09.040]
o . . Py-P,)2 m3 14l
+ Main kinematic variable: z = X 2”) = 2L T dz
m m
K K

— N W A N

025 03 035 04 045 05
« B(K* - tyy) parameterized in ChPT by unknown O(1) parameter ¢

I ey )— [ (|AE. 2 y?) +‘| +|c( ) [Phys. Lett. B386 (1996) 403]
0yoz

appears at O(p?)
18.07.24 + | y? - 4A(1 ) , 10/15




K™ - m™yy: Overview
* Signal K™ - wtyyinz € (0.20,0.51) and normalization K* - w*m
z € (0.04,0.12)

* Same decay topology - systematics cancel

 Main bkg source K* - n*tn? ¥

0 0

, TT° > Yy in

— Yy with cluster merging in calorimeter
« N°bs = 3894 with N},/ =291+ 14
x10° . bkg
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ChPT ¢ Fit Results

« ¢ measured in O(p*) and O(p®) by x¥* minimization of simulated samples to data
* ChPT O(p?) is not sufficient to describe the data
* Conpr ops) = 1.144 £ 0.069,,, £ 0.034,y,
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250H K" m*yy 1 éindt = 92,5730 || K" w1y x*/ndf = 29.6/30
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- -
B(K™ —» m™yy)
* Differential decay-width in O(p®) with ¢ summed over the full z-range:
Bcner o(ps) (KT = Tyy) = (9.61 1+ 01554, + 0. 07 5ys¢) X107

* Model independent measurement (markers) summed over z bins > 0.20:

By (K - mwtyy|z > 0.20) = (9.46 + 0.1954; + 0.07,5,)x1077

x1072"
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First Search for ALPs in K* - %a, a - yy
* Peak search over m,,, = J (Px — P;)? in range 207-350 MeV/c? with 0.5 MeV/c? bins

e Exclusion regions at 90% CL on ALP coupling in the BC11 scenario; limits are from the
present search and the earlier NA62 results

B Kt >nta, a->yy
T Kt ot Xiny

R llll:ﬂo—e)gnv

1207 94 0 50 100 150 200 250 300 350
o mg [MeV/c?]
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Conclusions

* NA62 physics Run 2 started in 2021 and ongoing until CERN LS3

0 > ete™ (new preliminary result):

* Precision comparable with the previous measurement, statistically dominated
* Full agreement with the latest theoretical predictions

[ 4

« K - myy (PLB 850 (2024) 138513):

* Improved precision by a factor of > 3, statistically dominated
e ChPT O(p?) is not sufficient to describe the data
* First search for ALP with gluon couplingin K¥ - m*a,a - yy decays
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The NA62 Detector
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Upstream detectors (K*): Downstream detectors:
* KTAG: differential Cherenkov counter for K* ID *  STRAW: track momentum spectrometer
*  GTK: Si pixel beam tracker for K* momentum *  LKr/MUV1/MUV2: Calorimeters for rt/u separation
* CHANTI: Anti-counter for upstream particles * RICH: Cherenkov counter for t/u/e ID

* LAV/SAC/IRC: Photon veto detectors

°*  MUV3: Muon veto detector
18.07.24 17



¥ — ete™: Summary and Outlook

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

B(r® - ete (y),x > 0.95) = (5.86 £ 0.30544, + 0.115,5; + 0.19,,,)x1078 =
(5.86 + 0.37)x1078

* Lower central value than in the KTeV measurement, but results are compatible:
BKTBV(T[O — e+e_()/),x > 095) — (64‘4‘ + 033)X10_8

* Results in agreement with the theoretical expectations when extrapolated using
radiative corrections:
By a2 (T = ete™(¥), no-rad.) = (6.22 + 0.39)x1078
Btheory2022)(m’ = e*e™(y), no-rad.) = (6.25 + 0.03)x107°



Kt - netvy: Overview

B(K+—>7r°e+vy|E)];,9£y)

Rj=

B(K* - %™ vy) strongly depends on E, and 6., cuts in K* rest frame
Three kinematic ranges considered; defined by E,, and 6,,, (table below)

Measure normalized B(K* - n%e*vy)inj = 1,2,3 ranges:

Decay described in ChPT as a direct emission, inner bremsstrahlung and their interference

B(Kt-mletv(y))
* Test of T-conservation by T-odd observable ¢ and its T-asymmetry Ag:
’S . ﬁy - (ﬁexﬁn)_ _ Ny —N_
T Mg.0)® 8 T Ny +N_
J i
El,6l, ChPT ISTRA+ OKA
R{x10? E, > 10MeV, 6., > 10° 1.804 £+ 0.021 | 1.81 £ 0.03 £ 0.07 | 1.990 £ 0.017 £ 0.021
R,x10? E, > 30MeV, 6., > 20° 0.640 + 0.008 | 0.63 £ 0.02 + 0.03 | 0.587 £+ 0.010 4+ 0.015
R; %107 E, > 10MeV,0.6 < cosf., < 0.9 | 0.559 +£ 0.006 | 0.47 £ 0.02 £ 0.03 | 0.532 + 0.010 £ 0012




Kt — mle*vy: Signal selection

« K™ and e™ tracks reconstructed and matched

.7'[0

— Yy reconstructed as two LKr clusters
* One isolated LKr cluster is identified as radiative ¥

* Kinematic constraint: m,%niss(l{ew) = (Px —P,—P_o — P,,)2

* Minimal differences in signal and normalization selections; only
related to the radiative photon = reduced systematics



Kt - mle*vy: Results

) =~ )
T 10} l "Moo moned S
2 R ] 2
310‘ g,
2 :

5 10 15 & - e T T SR T -20 -15 -10 -5 5 10 15
MK o) IMEVP/C MK sa,) [MeV2/c
Range 1 Range 2 Range 3
R-10° | 1.715+ 0.00544 + 0.01 Osyst. | 0.609 + 0.003stat. + 0.006syst. | 0.533 + 0.003stat. += 0.0045yst.
Af ' 103 —1 2 :t 2.83tat_ :*: 1.gsyst_ —3.4 :*: 4.3stat, :E 3-03yst_ —9.1 :i: 5.1stat_ :i: 3.53yst,

18.07.24

1.3 -10° observed events; < 1% relative background contamination
NA62 measurement of R; smaller than O(p®) ChPT by 5% relative (disagreement 30)
Improvement on experimental precision of R; measurements by a factor > 2

§
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Kt - mle™vy: Error budget

18.07.24

Relative uncertainties in the R; measurements.

0R1 /Ry | 6R2/R2 | 6R3/Rs
Statistical 0.3% 0.4% 0.5%
Limited MC sample size 0.2% 0.4% 0.4%
Background estimation 0.1% 0.2% 0.1%
LKr response modelling 0.4% 0.5% 0.4%
Photon veto correction 0.3% 0.4% 0.3%
Theoretical model 0.1% 0.5% 0.1%
Total systematic 0.6% 0.9% 0.7%
Total 0.7% 1.0% 0.8%
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K™ - mw¥u"u": Overview

10°E | — Data BN K —ary
K —eveuwryw MK —ptv,ww
. + +7147— _ [ Ik>nrev, EEK —>ranuv
* Flavor changing neutral current decay K™ —» w*1["[” wherel =¢, u P — N

. Coptrlbutlor)rto the decays are mediated by virtual photon exchange: K —
Ty > Tt

Events / (MeV/c?)
2

* Main kinematic variable: z = mj; /m%

« W(z)=(a; +z. b + W™ (z) is the form factor of K* —» mwty*
parameterlzed in ChPT 5(p63 with real parameters a,, b,

* Test of lepton flavor universality

* Measurements:

 B(K* > mtu*u™); function |W(2)|? from dI'/dz; form factor parameters a,, b,
» Signal selection:

* Three tracks identifiedas mutu~

* Kinematic cuts to suppressing K¥ - ntntn~ events
« Normalization sample K* - ntntn~

* For measuring the number of kaon decays

* Minimal differences in the event selection to reduce systematics

Data /MC

380 400 420 440 460 480 500 520
m(ruw) [MeV/c?]
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K™ > mTu*u : Results

27679 observed events with negligible background

| B RS O P B B B PN B ENEA RN BN PN ER R RV R G DN P R W I RN B PN B RN DN D | -+ | D B I | =0 B | I I B | I . —r—r—-rrr = - T T T T T T T T
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s ; o K 68% CL contours:
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PDG average (2022), without NA62 result g -0.6[~ \\\ ..... NA48/2 (ee) 1
b E787 (1997) Q. B - N\ \_ | —— EBSS (nee) (stat. only) |
207 events L= - B . .
g 071 :
E865 (2000) - “ "é L ; 2]
430 events e & 5 E i
L 0.8+ e =
HyperCP (2002) “ . ol r B 5 H
110 events | cie - R
NA48/2 (2011) = e -
3120 events B N 3]
NA62 (2022) : == =
27679 events - -
llllllllllllllllllllllllllJ llllllll -Illllllllllllllllllllllllllllr
4 5 6 7 8 9 10 1 ¢1; -0.64 -0.62 -0.6 -0.58 -0.56 -0.54 -0.52 -0.5
B(K* = ut n) x 10 Form factor parameter a.

a;, = —0.575+0.013; b, = —0.722 + 0.043
18.07.24 B(Kt - ntutp™)=(9.15+0.08) - 1072 at 68% CL



K™ - m™u*u~: Decay width and form factor
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K™ > mTu*u~: Error budget

18.07.24

da;, | by | 6B, x 108

Statistical uncertainty 0.012 | 0.040 0.06
Trigger efficiency 0.002 | 0.008 0.02
Reconstruction and particle identification | 0.002 | 0.007 0.02
Size of the simulated K., sample 0.002 | 0.007 0.01
Beam and accidental activity simulation 0.001 | 0.002 0.01
Background 0.001 | 0.001 —

Total systematic uncertainty 0.003 | 0.013 0.03
K, branching fraction 0.001 | 0.003 0.04
K= .. radiative corrections 0.003 | 0.009 0.01
Parameters a. and 3. 0.001 | 0.006 —

Total external uncertainty 0.003 | 0.011 0.04
Total uncertainty 0.013 | 0.043 0.08
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