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amm Outline

"
= NA48/2 experiment
= Beam line
= Detector

= Precise measurement of K; form
factors (FF).

= Conclusions
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|h Kaon physics @ CERN o
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‘h NA48/2 beam line

—
. §: Y
- A TAX 17 TAX 18 e bl . ncm“‘ﬁﬁ E
j Pk spectra De'ﬁnjng Pm?em.ng
-l / 6013 GeWre — W Spkicaler Cleaning
5"‘ S collimator
b KABES 1 Decay volume
;: KA ¥ BM
e’ o — , I
T L g
ks ! 2
5 K B §
NHH I £ KABES 2 N g
¥
DFDF
® FRONT-END ACHROMAT Qusdropole  2nd | sy B e TR e
g’ ]cm|' Quadruplet ACHROMAT ‘ tank Spectrometer /1 coler
ks o R -/~ 1mm T im
o = fixed target experiment at CERN- * Simultaneous, unseparated,
S SPS focused beams
S = Similar acceptance for K* and K-
S = 60+3 GeV/c kaon momentum
s (~7x10"" ppp) decays
8 = 6.3x107 particles per pulse in decay " Beams superimposed with 1mm for
3 region the whole decay region
© = KY'/K-~1.8 N
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.Ih NA48/2 Detectors

Muon veto sytem
Hadron calorimeter
Ligquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3
Magnet

Drift chamber 1

Kevlar window

Spectrometer:

=  0,/p=1.02% +0.044% p [pin GeV/c] 108 09 MeVic®

LKR calorimeter:

= Og/E = 3.2%/NE + 9%/E + 0.42% [E in

GeV]

= 0,=0,=0.42NE +0.06cm [E in GeV]

CHOD, HAC,MUV, vetos, Kabes,
Beam Monitor

L)
~100 m long decay region in
vacuum

Triggers based on LKr peaks,
CHOD hits and DCH
multiplicity

Similar acceptance between
K+ and K- beams checked
reversing magnetics fields

Pion decay products, from the
hadronic beam, remain into
the beam pipe

L | Resolution:

T2
contribution

%m0 invariant mass, Ge
109
046 047 048 049 0.5 051 052
||
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K* - nle®v (K,,)
and

K* - nutv (K 3)
form factors

[Batley et al. (NA48/2 Collaboration) JHEP
1810 (2018) 150]




amm Semileptonic Form Factors

"

fmax _
A=MK(2EZEV_MK(E7¥tnaX _ n))+Mlz< - 4 n_Ev>

l=e,u
' d*T . :
- (PK - Pﬂ) - Mv
dE dE OCAf_E(t)+Bf_(t)f+(t)+Cf_2(t) i M,%+M,%—;\/112
(ULx S . T
p w2 (p B~ Ex - _ MP(ER™ ~ Ey)
SUR\TY 2 - 4
f*andf- are the Form Factors (FF)
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amm Data Selection
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Generic cuts

vy isolation: distance > 15 cm from charged tracks extrapolation

n® candidate: 2 gammas on LKr with distance > 20 cm and total energy

> 15 GeV

Neutral vertex: obtained only with ys; compatibility with beam axis and

decay region.

1 good track in time with the % (<10 ns), no extra charged tracks in 8 ns
Reconstructed kaon momentum compatible (in £7.5 GeV) with nominal

beam momentum (measured on run by run basis with K-nnn)

K3 dedicated cuts

Track Momentum > 5 GeV/c
E/P>0.9

Cut to remove r*n® with mis-identified pion (P, > 0.03 GeV /c)

KM3 dedicated cuts

Track Momentum > 10 GeV/c

E/P<0.2

Signal in MUV

Cuts to remove n* nono and n*n® with t*—>u*v decay in flight
(m(K —°) > 0. 16— and m(w*n®) + P 0/c < 0.6 GeV /c?)

ilm
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j'- Vertex and Kaon Momentum Reconstruction’i

=

’ The vertex position is
defined by the two n%’s
gammas (assuming n°

mass). = A
' The transverse position is /
determined by the Vertex

charged tracks at the

neutral vertex position The kaon momentum is obtained by

kinematic as solution of a quadratic
equation (assuming m =0 and P(v)=-P+
and with P, Py and E as momentum and
energy of the n°l system):

Pr(v) P(K) po— 2P 5

EZ

_p%

s 1
Y ¢=E(m§+EZ—P§—P%)
P? m%E?* — ®?

(E2 - p2)*  E*-
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amm Selection Cuts = ol

I
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amm K3 Dedicated cuts
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240[
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= [0 reduce the
contamination
of the n*n©




K, ; dedicated cuts

= 2D Cut to avoid n*=’ background:
m(uv)>0.16 GeV/c?
# m(nn®)+P_, 1/c < 0.6 GeV/c?
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amm Data Selection ol
Special run with dedicated trigger configuration
= 16 runs, 4 days in 2004
= Trigger : 1 track (2 hod hits) + LKr(E>10 GeV)
Events selected:
= 4.4x108 K_q
= 2.3x106K 4
Small or negligible background contamination
8§  Decay BR (%) |F,(10®) |F, (109)
£ K* o nEnl (2n) 20.66 |0.272 0.392
5 K* > ntrn0(3n) 1.761 |0.287 2.192
g K*- ntn (2zD) 1.174  |0.049 0.000
g Kt ninly (2ny) 0.0275 [0.004 0.044
sl K* - pufn®v (Ku3)  [0.03353 |0.004 0.000 g
O
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Dalitz
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Dalitz plot: Pion and leptons energy in the K rest frame
Bin size chosen to have at least 20 events per bin in the whole

allowed region: 5x5 MeV?

Background tails and radiative corrections outside the kinematic limits

are not considered in the fit




|h Dalitz plot for Backgrounds
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amm Fit Procedure |
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. |

The MC generated Dalitz Plot (with form factors 4., ) is
reweighted using a different set of form factors
parameters L:

N p (L By Er)
w (£) = wa ) - e

= pis the non radiative density Dalitz formula

= Wg is used for K ; to apply radiative correction in the
corresponding Dalitz Plot bin /v Cirigliano et al. Eur. Phys. J. €23 (2002) 121-133]

The most probable FF (Z) are obtained minimizing

2
bk
(:]glata N‘ :]?/IC :]i g)

l
2
X :§ 2 2 2 2
o + N *Oimc t Oiprg

bins i, data

" o 4ata aNd ;e are the contents of experimental data in the i-th
bin and the reweighted bin contents from MC, w, ,,,, is the

background contribution in the i-th bin. i.m




amm Results K3
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I‘ Quadratic (10-3) Pole (MeV) Dispersive (10-3)
AL YA M, A,
Central value | 24.26 1.64 885.2 24.94
Ostat 0.78 0.30 3.3 0.21
Osyst 1.30 0.39 7.2 0.64
Total error 1.51 0.49 7.9 0.67
v2Indf 569.1/687 568.9/688 569.0/688
Correlation -0.929 - -
— (hKTev Only results validated by
— @KoE FLAVIANET are quoted, OKA
o 4- T (INAS (2018) results not yet included.
S . ::; i{::;;::imem See next talk by E.Passemar.
x
s . 2
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jI_ResuIts K.

Quadratic (10-3) Pole (MeV) Dispersive (10-3)
AL A’y Ao M, Mg Ay In(C)

Central value | 24.27 | 1.83 14.20 | 8784 | 1214.8 | 25.36 | 182.17
Ogtat 2.88 1.05 1.14 |8.8 23.5 0.58 6.31
Osyst 2.89 1.09 1.07 |8.3 49.2 0.72 14.45
Total error 4.08 1.52 1.57 12.1 54.5 0.92 156.76
y2Indf 409.9/381 409.9/382 410.3/382
Correlation -0.974 (AL.IA")); 0.029 0.104

0.551(AL/Ap);

-0.513(2A4/A3)

/L.."
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A x10°

—— (1)KTeV

—— (2) KLOE

—— (3)NA48

—— (4) ISTRA+ (K,5)
eeeeeeeeeeeee



amm Combined results

.
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i

Quadratic (10-3) Pole (MeV) Dispersive (10-3)
Al A Ao M, Mg A, In(C)
Central value | 24.24 | 1.67 14.47 | 884.4 1208.3 | 24.99 183.65
Ogtat 0.75 029 |0.63 |3.1 21.2 0.20 5.92
Osyst 1.30 |0.41 117 | 6.7 47.5 0.62 14.25
Total error 1.50 0.50 1.32 7.4 52.1 0.65 15.43
v2Indf 979.6/1070 979.3/1071 979.7/1071

Joint fits obtained minimizing ¥4 es)*%%k,a3)
with a common set of parameters

.



jiDaIitz Plot: data-MC

- 0
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= Dalitz plot projections assuming the result
of the fit (Taylor expansion)

= Good data-mc agreement
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amm Combined results: systematics

B
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o

Quadratic (10-3) Pole (MeV) Dispersive (10-3)
YA A A} My A, In(C)

Diverging beam 0.97 0.35 0.55 1.1 32.2 0.08 9.43

Kaon mom. spectrum 0.00 0.00 0.02 0.1 0.7 0.00 0.19

Kaon mean 0.04 0.01 0.04 0.2 1.7 0.01 0.47
momentum

LKr energy scale 0.66 0.12 0.61 4.9 17.4 0.32 5.16

LKr non-linearity 0.20 0.01 0.55 3.1 19.6 0.20 577
Residual Bacground 0.08 0.03 0.04 0.1 0.7 0.01 0.05
Electron ID 0.01 0.01 0.01 0.2 0.2 0.01 0.05

Event pileup 0.23 0.08 0.08 04 0.2 0.03 0.07
Acceptance 0.23 0.07 0.03 0.7 4.3 0.05 1.1
Neutrino mom. 0.16 0.04 0.04 0.9 3.3 0.06 0.88
Resolution

Trigger eff. 0.29 0.13 0.20 1.1 9.9 0.07 2.82

Dalitz plot bin. 0.05 0.04 0.06 0.9 1.1 0.06 0.29

Dalitz plot res. 0.02 0.01 0.03 0.0 1.3 0.00 0.39
Radiative 0.17 0.01 0.57 25 20.1 0.16 5.92
External inputs --- - --- - --- 0.44 2.94
Syst.error |1.30 0.41 1.17 6.7 47.5 0.62 14.25




amm Beam Profile

I‘ Main systematics: beam diverging component.

= Decays can happen few cm off the beam axis o 1"
. . . ) =
= This is measured with: S F -, | K, data
X—X ? — ? N 105-— °
= Main systematics: beam diverging component. 10k The
= Only the core of the beam distribution (B<3) is well | S
simulated. - B,
3 o
= Beam divergence added for systematics studies. " sy
= B<11 to minimize correlation beetwen beam °© 2z 4 6 8 0 Az 516
direction and momentum ;
O L - 10°
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Combined results

/

\\\\

. — (1)KTeV
2 5%
- — (2) KLOE
- — (3)NA48

17 — (4) ISTRA+

I — (5) This measurement 3
0_‘..|...|...|...|...| 18_...|...|...|...|.H|
18 20 22 24 26 28 8 10 12 14 16 18
At x10° Ay x 10°
4r
IS = 1o ellipse (39.4% CL): to
x 3 improve visibility
< | = Compatible with previous
2r results

= Better precision

L Only results validated by

I B B B
% 10 12 14 16 18 FLAVIANET are quoted, OKA
AO x 10° (2018) results not yet included. -

See next talk by E.Passemar
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amm Conclusions ol
'-i_ K53 form factors are measured with ~4.4-10% K _; and

G.Lamanna — Kaon2019 — Perugia

~2.3-10° K ; events, from the 2004 NA48/2 data taking in a
special minimum bias run (3 days).

For the first time the measurement is done simultaneously
In K+ and K-.

Improved vertex definition with respect to the preliminary
result = result less sensitive to beam shape.

Similar level of precision with other experiments in the Ku3
mode and the smallest error in Ke3 has been reached.

The combined result is fully compatible with previous
measurement with improved precision.

NAG62 will collect order of 107-108 semileptonic decays, with
better vertex definition (Gigatracker); no dedicated trigger,
minimium bias trigger with large downscaling.

-
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G.m;,
KA = T8 CiSpy V., PILLAO)F T (14283, 4265, )
e Theory: e Experiment:
| = Branching ratios and

* Sgyw = Universal short
distance EW correction

* £.(0) = form factor at 0
momentum transfer

Lifetime
* |, = Phase space integral

» Olgy(e)= Isospin breaking
correction

« 'z~ Long distance EM
effects
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amm Neutral KI3 o
"-

Quadratic (x10~3) Ay N/ Ao
Kj)) 26.3 £ 3.0gtat T 2.2gyst | 1.2 £ 1.1gtat £ 1.1gyst | 15.7 £ 14gtat £ 1.0gyst
5 27.2 £ 0.7tat £ 1.1gye | 0.7 £ 035500 + 0406
Pole (MeV/c?) my mg
K j3 873 £ 8stat T Jayst 183 =E 31l s == 165
879 £ 3gtar T oyt

Quadratic (x107?) AL A Ao
KEK; combined 26.98 £1.11 | 0.81 £0.46 | 16.23 £0.95
Pole (MeV /c?) my mg
KEK; combined 877+ 6 1176 4+ 31

= 4 milions K5 and 2.5 millions K ; analyzed

G.Lamanna — Kaon2019 — Perugia
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