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General idea and goal

Basic ingredients:
e Normalization selection (Ke3) of the K3, analysis [JHEP 09 (2023) 040]:
background contamination O(10~%)

@ Machinery for the Form Factors extraction used for the NA48/2 measurement
[JHEP 10 (2018) 150], performed in a sample of 4.4 x 10° K3 events and 2.3 x 10° K3 events

@ Build a K3 selection starting from the K3 selection, only changing the relevant criteria, and
adding specific conditions against K. bkg, as done in NA48/2
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State of the art (Taylor parameters)

A", (LINEAR K fs FORM FACTOR FROM QUADRATIC FIT) X", (QUADRATIC Kf‘z FORM FACTOR)

VALUE (urits 10-2) _EVTS DOCUMENT ID TECN  CHG  VALUE (units 10-2) _EVTS DOCUMENT 1D TECN  CHG.
2,59 £0.04 OUR AVERAGE 0.1860.021 OUR AVERAGE

2.426+0.078+0.130  4.4M 1BATLEY 18 NA48 & 0.164+0.0304+0.039 4.4M I BATLEY 18 NA4S +
2.61140.035+0.028  525M YUSHCHENKO18 OKA  + 0.191+0.01040.014 5.25M YUSHCHENKO18 OKA  +
2.485+0.163+0.034 919k 2.3 YUSHCHENKOO048 ISTR 0.192+0.06240.071 919k 2.3 YUSHCHENKOO4B ISTR  —

For Kes, the PDG precision is dominated by OKA measurement (JETP Lett. 107 (2018)
3, 139-142) performed with a two-constraints (2C) kinematic fit for each selected event.
But the systematics study was limited.

X (LINEAR K;fa FORM FACTOR FROM QUADRATIC FIT) X7} (QUADRATIC K::S FORM FACTOR)
VALUE (units 103 EVTs DOCUMENT 1D TECN_ CHG VALUE (units 103 EVTS DOCUMENT 1D TECN  CHG
24.27+2.88+2.80 2.3M 1BATLEY 18 NA48 £ 1.83+1.05+1.09 2.3M 1BATLEY 18 NA48 =

Ao (LINEAR ENERGY DEPENDENCE OF fp IN Kf! DECAY)

Results labeled OUR FIT are discussed in the review “K 75 and K, Form Factors’
above. For earlier, lower statistics results, see the 2004 edition of this review, Physics
Letters B502 1 (2004).
VALUE (units 10~2) dAg/dA.  EVTS DOCUMENT 1D TECH  CHG  COMMENT
176 £0.25 OURFIT Error includes scale factor of 2.7. Assuming u-e universality
173 £0.27 OURFIT Error includes scale factor of 2.6. Not assuming j-e universality
1.420+0.114+0.107 2.3M 1BaATLEY 18 NA48 +
196 £0.02 £006 0348 540k 2 YUSHCHENKOO4 ISTR -  DP

For K3, NA48/2 is a competetive measurement up to now (kaon momentum
measurement was not used — large evaluated beam-related systematics).
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Dalitz plot for selected K3 events in 2024-L dataset
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13.6 x 10° events,
background contamination O(10~%)
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Dalitz plot for selected K3 events in 2024-L dataset
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4.88 x 10° events,
background contamination O(10~4)
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(Dangerous) Correlations between selections cuts and Dalitz plot variables

Pitot [MeV]

@ Correlation between kinematic variables used in the selection to reduce bkg contamination, leads
to instability of the fit procedure for the Form Factor results (not ideal Data/MC agreement)

Example:
pr vs Egr and Eo
in MC K3 non-overlay
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Kinematic fit procedure

For N = 16 measureable Kj3 variables, we have y = yj—1. .y values from the experiment.
We introduce =1,y similar values to be corrected with the initial = y. Additionally,
we have K kinematic constraints, that should be satisfied: fi—1...x(n) = 0. Standard
method is based on the search for the minimum of

XN = =)V —n) + 22T (1), (1)

where V' is the covariance matrix for measured y and A = A1k are the additional free
variables (Lagrangian multipliers). The first term is the old good standard x?, while from
the second term at the x?(77, \) minimum we have our kinematic constraints fi():

ox° a1 ofc
e _
v 2fi(n) =0 3)

After 10 iterations of the 7, A fitting, we check if the last \* change is below 107°. If
not, the event is rejected (a convergence cut). We consider 3 cases:

@ 0C: No kinematic fit applied;
e 1C: i = Mi — Mio = 0 constraint only;
@ 2C: Both i = M2, — Mio =0and fh = M2,.(Ki) = 0 (only approximately true).
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Current status of the NA62 measurement (K3 only)
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Figure: 1o ellipses for Taylor expansion:
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Conclusions and outlook

@ Analysis ongoing, strategy well defined

@ Low intensity dataset (2024-L) is enough in terms of statistics and looks promising to reduce
systematic uncertainties

@ In 2025 another Low intensity period with similar statistics of 2024 will be collected
@ Optimization of the selection to avoid dangerous correlations with Dalitz variables ongoing

@ Dedicated MC for Low intensity data still not available: for now the non-overlay MC is the best
solution

e GTK momentum MC corrections under study (Zdenko)

@ Disagreement between kinematic fit with different number of constrains is strongly reduced with
Low intensity data

@ Other systematic effects to be checked
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Dalitz plot for Ke3 MC events (Gene vs Reco)
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