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The NA48/2 Beam

K+ and K- superimposed in space

Width = 5 mm
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The NA48/2 Detectors

Muon veto sytem
Magnetic spectrometer (4 DCHS): Hadron calorimeter
4 views: redundancy = efficiency

Liquid krypton calerimeter
o(p)/p =1.0% + 0.044% p [GeV/c]

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank

Drift chamber 3

Charged hodoscope (scintillators):
Fast trigger and precise time
measurement (~200 ps on single track)

Magnet

Drift chamber 2
Anti counter 6

Y ' :
Liquid Krypton E.M. Calorimeter (LKTr): | \\ m pipe
10 m3 (~22 1), 1.25 m (27 X0), 13212 cells iy .

granularity: 2x2 cm2, quasi-homogeneous
o(E)/E = 3.2%/VE + 9%/E + 0.42% [E in GeV]

Then hadronic calorimeter, large angle vetos
and muon counter (scintillators)

Min Bias Trigger: 3 days
Coincidence of two Hodoscope hits x ELKr > 10 GeV in 2004
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Physics motivation

K13 decays are described by two form factors f.(t), and the matrix element can be
written as:

M = %Vua(ﬁ(f)(PH + Pr)Pary, (14 vs)uy + f- (t)mau(1 + y5)w)

t = ¢ is the square of the four-momentum transfer to the lepton neutrino system
f-(t) are the vector form factors
fo(t) the scalar form factor is given by:
t
2 _m?2
(mg —mz)

fo(t) =14 (f) + f-(t)

f-(t) can only be measured in Ku3 decays because of m, << my

f+(0) cannot be measured directly, therefore the form factors are normalised to . (0):

fi(t) =




Form Factor Parametrizations

Pole parametrization:_
Assumes the exchange of vector and scalar resonances K* with spin-parity 1/0" and
masses my/mg, f.(t) can be described by K*(892), for fy(t) no obvious dominance is

seen:

2

- m
fro(t) = ——=
5 —
Linear and quadratic parametrization:
_ t ]
f+,0 (t) = |1+ ‘)‘-I-,UE Linear No sensitivity to A

]
1+ }'.ﬂnﬂiz + 1)«5;[, (iﬂ)g Quadratic — l

m2 ' 2 my/ | fo(t) linear
Dispersive parametrization: (B. Bernard, M. Oertel, E. Passemar, J. Stern, Phys.Rev.D80(2009) 034034)
f+(t) = exp((Ay + H(t)t/m7)
fo(t) = exp((In[C] — G(£))t/(my — mz)

frolt) =




vent selection (1)

Comm()l: event selection: Hi/ et
1 good ™ — vy
2 isolated yin LKr (D > 20 cm and D_track > 15 cm)
E(n®) > 15 GeV
Specific event selection:
K*e3
1 charged track with p>5 GeV and E/p>0.9
p', (beam axis)>0.03 GeV/c
(p*)? =(E¥/c)* - (p*,)* > 0.0014GeV?/c*
K*u3
1 charged track with p>10 GeV and E/p<0.9
An associated signal in the MUV
Cuts to remove K*=»7*n’ (t*—=>u*v )
Cuts to remove K*->t*n’n’ (t*—u*v and missing n°)



Event selection (2)

Events selected:
2.91-10° K*u3
4.28-10° K*e3

O(10* - 107) background contamination
Decay Br, % Bkg (e),107 Bkg (u),103

Kt - T — 27) 20.66 0.270 0.264
K - m2(n0 — 29) 1.761 0.286 1.833



Measured Dalitz plots and fit areas

oB1,52) = ST o A () + B0 - 1) 4 0 [(fu—f+ w
ptLy

(5x5 MeV cells)

0.28 E.-r{{ eV) KEE va000 O-28 ER{GE"V} 20000
0.268 Dalitz | 26 v g s
s plot " I Background {16000

. 10000 . tall 14000
o.22 F 0.22 i

0.2 0.2 10000

G000
o.18 0.18
o168 "o 0.16
o.1af- Data events 2000 g4 Data events
No Bg corr.
I.N_IGI. Bg ¢0rr I L 1 y B I._I —1 1 L 1 L L 1 ¥ N R L L | 1 L L
D‘. 1 E‘j ...... ﬂ 05 0 3 5 . [j__? — h"‘.\rﬁ !} D 1 — 65.5 — i .___[:)T-"_“.E15 — i — i
°E (GeV) E (GeV)
o.2s| E (GeV) Kinematic limit | o.28E_(GeV) _ o
o without radiative y g Kinematic limit
AN nER A : -
0.26 t EEid 028 least 20 without radiative
0.24 THHT 0.24- experimental amn
mn events per bin

.22 HHH .22 are required

0.2 0.2

~HEE
D.18 \‘-;1 D.18
SeHHHHHH K
016 K ""-\.-‘:::: 016 ﬁuﬂ
63 tH t area

o4 fit area \*‘m_ 0.14
0% o “oas o2 oes ol T 6os ea ess ez 0.25



Fit procedure

The MC events, generated with a known set of FF (Agen), are weighted using the
following formula

= .
T\ __ p (L Y E l>|< ) E 7T)
W(L) =W, NN
p ( gens [ 7'(')
Where p is the Dalitz plot density as a function of the leptons and pion energy in

the Kaon rest frame. Wr is different from 1 only for Ke3 in order to take in to account
the radiative corrections (V. Cirigliano at all., Eur. Phys. J. C23 (2002) 121-133)

The best value of FF parameters L is found minimizing the ? estimator

data MOCN2
2 (5 — N -n;"")
=D

2 2 2
O-nzc_lata _|_ N O-ni\JO

celli

Where n,%% is the population of cell i of reconstructed Dalitz plot of data after
background subtraction, n,*“ is the population of the weighted MC Dalitz plot



O Data
+ MC fit result (quad.)
+ (Data-Bkg)/MC

Slightly significnat
slope, within the
radiative correction
precision. Radiative
effect uncertanty is
included in the
systematic error
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Form factors results (1)
Ke3 sample

Quadratic parameterization Pole Dispersive
(in units of 103) parameterization parameterization
(in MeV) (in units of 10-3)

A, A, M A,

v

Central value 23.52 896.8 22.54

Stat. error 0.78 3.4 0.20

Syst. error 1.29 7.6 0.62

Total error 1.51 8.3 0.65

x*/mdf 609.4/687 609.3/688 609.1/688

Correlation -0.927
coefficients




Form factors results (2)

Ku3 sample
Quadratic parameterization| Pole parameterization | Dispersive parameterization
(in units of 10-3) (in MeV) (in units of 10-3)
A, A, Ay M, M, In[C]
Central value 2.14 1196.4 186.68
Stat. error 1.06 8.1 18.1 5.12
Syst. error 0.96 13.5 28.8 9.23
Total error 1.43 15.7 34.0 1. 10.55
y2/ndf 391.2/384 388.0/385 385.8/385
Coorrelation
A, A0 Mg In[C]

A, -0.969 0.851 M, 0.320
A, -0.810 A, 0.408



Form factors results (3)

Combined K,; sample for the preliminary results

Quadratic parameterization| Pole parameterization | Dispersive parameterization

(in units of 10-3) (in MeV) (in units of 103)

A, A, M, M, A, In[C]
Central value | 23.35 1.73 1185.5 22.67 189.12

Stat. error 0.75 0.29 3.2 16.6 0.18 4.91
Syst. error 1.23 0.41 5.4 353 0.55 11.09
Total error 1.44 0.50 6.3 35.5 0.58 12.13

2/mdf 1004.6/1073 1001.1/1074 998.3/1074
Coorrelations
Y. Mg In[C]

A, -0.954 0.076 M, -0.278
o A, -0.035 A, -0.035 o



Form factors results (4)
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Sumimary

~4.3 M Ke3 and ~2.9 M Ku3 reconstructed with 2004 NA48/2 data taking
Competitive results for Ku3 and smallest error for Ke3

The combined results are the most precise

16



	Slide 1
	Outline:
	The NA48 experiment
	The NA48 Detector
	Physics motivation
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Summary and outlook

