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The NA48/2 and NA62 beam line

Simultaneous K* and K-beam with N.,/N,_ ~1.8
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NA48/2 Data taking:
O 4 months in 2003 (K*) + 4 months in 2004 (K¥)

NA62-RK Data taking:
O 2007 mostly K*
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The NA48/2 and NA62 detector

Target Hodoscope for
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Liquid Krypton EM calorimeter (LKr)

- High granularity (13248 cells of 2x2 cm?)
- Quasi-homogeneous, 7m?3 liquid Kr (27X,)
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The K* semileptonic decays

O K*—x"l*v decays provide the most accurate and theoretically
cleanest way fo access |V | :

C:G:m’>
592; K Sew Vs Pl £ (0) P T (A )L+ Oy 0, + Oy )’

Experimental Inputs:

['(K)5,)) =

O [ (Ke3) Branching ratios and Kaon lifetimes
O I (1.,) Phase space integral depends on the form factors

Theory Inputs:
O 5., Universal short distance EW corrections(1.0232+0.0003)

O f.(0) Form factor at zero momentum ’rronsfer(0.959(5))(EF,JC 69 2010, 399-424)

O 9§y, Correction forisospin breaking ( ch. mode only ~(2.9+0.4)% )
. (EPJC 69 2010, 399-424)
O §%,, Long distance EM effects
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K¢3 Form Factors

K(P
Hadronic matrix element: (; ) n(;p)

(M| Jo|K) = £(0) X [f1-(t)(P+Pp)o + f-(1)(P—Dp)o]

f_term multiplied by m, when contfracted with leptonic current

Ke3 decays: Only vector form factor: ﬁ (1)

= - -t
Ku3 decays: Also need scalar form factor:  f (1) =f, + f. ———
mK - mJ‘[

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

fi(t)=

1) SAG
1,(0) MO0

For V .. need integral over phase space of squared matrix element
Parameterize form factors and fit distributions in t (or related variables)
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Form Factor parameterizations

Linear and quadratic parameterization (Taylor expansion):

_ t
frot)=1+A,p ( 7 ) Notes:

L »  Many paramefters: A,', 1,", 1y, 4"
)-I— 4 ( ¢ ) Large correlations, unstable fits

.0 . e
+ m,zt+ Limited sensitivity fo A", 5

~ [
f_|_’()(f) — 1"‘7\‘;0 (T

me,
Pole parameterization:

Assumes the exchange of vector and scalar resonances K* with spin-

parity 17/0" and masses m,/mg,
f.(t) described by K*(892), for f,(f) no obvious dominance is seen:

_ m> B m>
1) = 14 t) = S
=17 h=5
Dispersion relations:
= — (A, — H r)=¢e InC—G(t
RO =exp | L —HO)| 0= e | (nC—G0)

Not yet used in NA48/2 analysis. (pLs 638(2006) 480, PRD 80(2009) 034034)
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K23 event selection

_
2200 -

> ok * Data
oo | IMC-Sum
i
Final state selection: H7 e °-‘35P‘;;:mas‘:‘:ée‘v‘/c‘;-]‘5
O 1 good track with particle ID cuts
Muon identified by muon veto and E/p<0.1 3w
Electron identified by 0.95<E/p<1.05 S -
O 1 goodn®—yy: |m, —Mepg(n) | <10 MeV i
Event reconstruction: -
O LKr clusters and lepfon track consistent in fime
O Missing mass compatible with Mv=0 using 60GeV K* =t M,w’ - e

hypothesis: " Kaon energy [GeV]
M?g5= (Py — Py — P 0)°<10 MeV?

O K energy reconstructed under the assumption of @
missing undetected neutrino:
55 GeV < Ef, <65 GeV
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'’ background Ke3
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Event-Pt

O Pion with E/P > 0.95 can fake a K*_; decay: nle;, .+ missing E
Missing energy coming from wrong assignment of electron mass to s+
mtd will in any case have a small P, due to no missing momentum

O Keep only events with: p'.,.+ >0.02 GeV/c
Background contamination reduced to < 0.1%
Only about 3% of genuine K*_; events are lost
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70 background Ku3

Pion-Pt vs inv PiPi-Mass Dalits Plot PiPi0 background
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O K*— n*n’ with 7*—u*v has same final state of the signal 2y and 1

Without suppression, K* — 71’ background at the level of 20%

O Cut in the invariant 7*1° mass and the transverse momentum of the pion:
Background contamination reduced to 0.5%
About 24% of K*u3 events are lost

Background 1s well localized in the Dalitz plot
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* Pion energy in the kaon rest frame: ng
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Radiative corrections

The K23 decay rate including first order

Dalits Plot Ke3 radiative

radiative corrections can be written as: 028
0 1 0
FKB = rlm + rms = rlm (I+ 25EM)

Simulation code provided by KLOE:
author C. Gatti, ers c45 (2006) 417

I'll‘lll‘llIlll'llll]lll]lll TTT

Parameters used for the normalization:

0.1

0.05

Effects on the Ke3 acceptance are bigger
with respect to Ku3:

-0.05

-0.1

s 1 1 1 1 I 1 1 1 L [ 1 1 1 1 1 1 1 1 l 1 1 1 i
0.1% 0.05 0.4 0.15 0.2 0.25

O ~10% effect on the Dalitz plot slope for Ke3 E. (GeV)

O ~1% effect on slope for Ku3
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Form factors fitting procedure

To extract the form factors a fit to the Dalitz plot density is performed:

2 2 2 2 2 12
d°N(Ef, Ey) Mg = Ma Wy — 1y

8 2 a— —————— S e ————
e AR+ Lo~ £4) T2 4.0 | (o - £0) P
E* and Ext” are the energy of the lepton and of  The fit is performed in cells of 5x5 MeV?
the pion in the kaon rest frame

p(Ef,Ey) =

Cells which are outside or crossing the border of

A, B and C are kinematical terms the physical region of the Dalitz plot are not used
reconstructed data dalitz plot m the ﬁt = corrected dalitz plot
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FF fIt preliminary results

NA48/2 Form Factors fits preliminary results

Quadratic (x1073) Ay Al Ao
K;tS 26.3 = 3.05¢at £ 2.25y5¢ | 1.2 = 1.1gpns = 1. 1gys | 15.7 £ 1dgpne &= 1.0
K- 27.2 % 0.7stat & 1.1gyet | 0.7 £ 0.351at £ 0.4yt
Pole (MeV/c?) my ms
K 873 = 8stat = Vayst 1183 = 315tat = 164yt
K= 879 = 35tat £ Tayst
Systematic errors
/ /77
K:l: A)\fF AAEIE Ay | Amy A2m5 Kj: A)\+ _A3)\+ Amv2
©3 x 10 MeV /c e3 x 10 MeV /c
Kaon Energy +0.1 +£0.0 =+0.3 +1 +3 Kaon Energy | £0.3 +0.1 +6
Vertex +1.0 +0.5 +0.1 +2 +7 Vertex +0.2 40.1 40
Energy scale +0.3 +£0.1 £0.1 +0 +1 ' '
Acceptance +0.2  4+0.1 403 | 42 +5 inerg{ scale igé ig'g ig
K5, background +0.5 406 | +3 +0 ceeptance ' '
ond Analysis 01 401 02| 2 45 2nd Ana +0.9 04 ) £l
FF input +0.3  4+0.8 4+0.1 | +7 +3 FF input +04  +0.0 +1
Systematic 122 411 +1.0 | 49 +16 Sytematic +1.1  +0.4 +7
Statistical +30 +1.1 +14]| +8  +31 Statistical +0.7  +0.3 +3

Mauro Raggi LNF, PhiPsi 2013 Rome 11/09/2013 14




FIt results comparison

o ']
S r =KTeV K
x | =KLOE K’
o | - [stra+ K
< L s
- =NA48/2 K*
i preliminary
3.__
2._
1._
o
= | FlalviaNetIcombilned Fit 201()I
Ee] | 1) | 4 ) | - — | IR ] l ] o | {5 |

18 20 22 24 26 28
X+><10

A X 10°
A

[
IIII

Combined quadratic fit results for K23 decays.

The ellipses are 68% CL contours.

For comparison the combined fit from the FlaviaNet kaon working

group is shown in yellow. Eur. Phys. J. C 69, 399 (2010)
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FF fit preliminary results: combined

Quadratic (x10 ) Al Al Ao
K 3KZ; combined | 26.98 +£1.11 | 0.81 £0.46 | 16.23 +0.95
Pole (MeV/c?) My mg
K;3;K_; combined 877 +6 1176 + 31

Status of experimental measurements
O KO —23: KLOE, KTeV and NA48

O K —023: from ISTRA+

O K=—23 : NA48/2 has the first measurement with Ke3 and Ku3

NA48/2 results for Ke3 and Ku3 are in good agreement
NA48/2 combined result has the smallest error.
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K¥—a*yy decay
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K=—na*yy decay theory

In the ChPT framework the differential rate of the decay
K*(p)—a*(ps)y(a,)v(9,) process (no O(p?) contribution) is:

2 2 _p(4-4)
e s [ (o) )| (o o)
Yoz T o
relevant only @ low m,, ) .

O The leading O(p*) contribution is given by A(z,&) (loops) which is
responsible for a cusp atm, =m,,

=(2.80+0.87¢+0.17¢%)- 10" MeV

O C (WIW) corresponds to ~10% of A at O(p*)
[Ecker, Pich, de Rafael, Nucl. Phys. B303 (1988), 665]

OB D=0@ O(p4

O The ¢ value can be related to fundamental ChPT Eorome’rers
[D’Ambrosio, Portfoles, PLB 386 (1996), 403]

2
¢ = 1287 [3 + ) Weak Chiral Lagrangian
3 QCD loop and counterterms
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K=—a*yy decay, ChPt O(p?) vs O(p?)

O O(p°) loop amplitude correction, evaluated from K—3x @ O(p*)
O O(p°) A term gets y dependence, sizable correction to dI'/dz for z<z+

>0.35x10‘21 o — dl'/dz vs z 035x10” — ; dr/dz vs z
ChPT O(p") A ] ChPT O(p)  8=2 ;
03;__ ....... 2 ...... N 03;. ,,,,,, " "

dr'/dz, Ge
N
L
3

0.25- 0.25

0.15/- 0.150

r [le=-2

0,05t o )

] Pole contribution :

i &:—2;

Pole coptrlbutlon ;

C i -1 ‘:lllllll 1 e —— e N 1 1 1Nl
05 01 02 03 04 05 % 0.1 02 . 04 05

O(p?¢) unitarity corrections may increase the BR by 30+40%
[D’'Ambrosio, Portolés, PLB386 (1996) 403]
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Kr—m*yy decay experimental status

[
o

(]

/AN 01 12d (0 x)20urIdad0y

Present PDG average based on:

E787 (1997): BR = (1.10 £ 0.32)x10¢

31 candidates, 5 exp. Bkg

¢ value = 1.6 0.6 O(p?) - N :
=18 +0.6 O(p) s | N

[PRL79 (1997) 4079]

|
PRL79 (1997).

Counts per 10 MeV/c

[a—y

0 - == ] ] | ] ] F-——4
100 110 120 130 140 150 160 170 180

Pn+_(Me\_7/_c)
O NA48/2 main data set preliminary 2003/2004: -
measurement hindered by low trigger efficiency. Abandoned!

0

O New strategy: minimum bias trigger samples from NA48/2 and NAG62.
2004 data taking (66 hours special minimum bias run)
2007 data taking (3 month conftrol trigger downscaled by 20)
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Minimum bias data samples

NA48/2 min.bias | | NA62 R, phase |

120
g’ 1 T EI[K)ata : i |- Data
w B “ont vy - t_ 400
P S o o EKeoy || 100 { + ............ E zr:iiio?y)
L%’ 3 [] K_—)TC n°n? I [] Ki._)niy'y
80 ... F 1 - ............................................................... 80 S
3 : Specual runs 4' 3 mon‘rhs with
i (66 hours) - | downscaled
60 el ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 60-— .................................................................................................
40-_ .......... ............................... ............................... 40:— ----------------------------------------------------------------------
20:_ ............................... ............................... 20:— """
ol L : o B YT 0.55 0.6
o4 045 %% M), cevic M(m*yY), GeVic?
wryy candidates 149 m=yy candidates 175
BG (m=nly) 11.4£0.6 BG (m=nly) 11.1£1.0
BG (mxn’n?) 4.1+0.4 BG (m*n'n?) 1.3+0.3
Signal (m=yy) 134£12 Signal (m=yy) 163£13

~300 candidates 10 times the present world sample
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Model iIndependent BR NA48/2

zrange N; NP A; B: x 109 5 : 5
020021 13 4.80 [019T]0.045 L0020 025 | Modelindependent BR in z bins
0.24-0.28 9 2.73 |0.198 | 0.034 + 0.016 g
0.28-0.32 18 2.33 |0.194 | 0.087 + 0.024 B
0.36-0.40 31 0.98 10.184 1 0.177 +0.033 E '_L"—Q— ——
0.40-0.44 18 1.61 [0.173 | 0.103 + 0.027 sal
0.44-0.48 23 1.21 10.135 1 0.175 £+ 0.038 h
z > (.48 4 0.52 10.049 | 0.076 + 0.044 5
Sufficiently small z bins: acceptance i -—+—
almost independent of kinematical i 2 i
distribution 0.05¢ TR R

NPT AT W & il I TSI el MR cor i
2

Ll
0.25 0.3 0.35 04 0.45 0.5
75

8

FINAL NA48/2 Model Independent BR:
BR,,(z>0.2) = (0.877 £ 0.087;,; £ 0.017,,,)x107¢
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K=—a*yy ChPT fit O(p?¢) (preliminary)

External parameters of the O(p?) fit:
K3 amplitude parameters: from fit to experimental data [NPBé48 (2003) 317];

Polynomial contributions: n,=2.06, n,=0.24, n;=—0.26 [PLB386 (1996) 403].

NA48/2 min.bias NA62 Ry phase
S - Data
= . 1 |- Data
P T LK sty ] K*>ntnn®
5 B K -nn’y —— e
i 4. [BKor’| Koy

81 0.15 0.2 0.25 0.3 0.35 0.4 045 05 055 91 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
= Z

1.36 + 0.34 ChPT O(p4): 6 = 1.71 £ 0.30
1.67 +0.40 ChPT O(p¢): & = 2.21 +0.32
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Combined fit results (preliminary)

NA48/2 and NA62-RK combined ChPT O(p?) fit:
¢ =1.56+0.22,,+0.07 . = 1.56+0.23

syst

NA48/2 and NA62-RK combined ChPT O(p?) fit:
¢ = 2.00+0.24,,£0.09,, ;; = 2.00£0.26

Using ChPT formulation: D' Ambrosio, Portolés, PLB386 (1996) 403

Combined Model Dependent BR in full phase space:
BRops = (1.01 £0.06)x107¢

To be compared with PDG(BNL E787): BR, = (1.10£0.32)x107°
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Summary and outlook

O NA48/2 has released a preliminary results on the K*¢3 form factors:
Quadratic and Pole parameterizations used
First results studying both K* and K= decays
Competitive result for Ku3 and smallest error for Ke3 and combined fits
Possibility fo remeasure K*23 BR and form factors in NA62-RK data set

o A KOS data set has been also collected allowing measurement in neutral
kaons as well

O K=—a*yy decay has been studied in NA48/2 and NA62-RK data sets

NA48/2 final result on model independent branching ratio:
BR,,(2>0.2)=(0.877£0.087 ;;;£0.017,)x107°

NA48/2 and NA62-RK combined Model Dependent BR in full phase space:
BRope=(1.01£0.06)x107¢ preliminary

Measurement of é NA48/2 and NA62-RK combined ChPT O(p?) fit:
¢ = 2.00£0.24,,+0.09; = 2.00£0.26  preliminary
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w=nn® background

O Background to Kud
n—u decay + 2 lost photons from n’-decays.
Small but introduces slope in the Dalitz plot.
No dedicated cut to reduce the background is applied.
A correction is applied to take the background info account.
Without the correction the result shifts by ~0.50

stat

| BGCkgrOUﬂd to Ke3 Dalits Plot PiPiOPi0 background
Negligible

N
»

100

N
£

o
N
III|III|III|III|II[|I]I|III|I

Pi.8n enggy (%V)
N
N

0.18

0.16

0.14

|||l||||||||l|||l|||
012=53" 012 o014 o016 018 0.

0

L L | L L L | L L L
2 022 024 0.26
Muon energy (GeV)
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Dominant K= BR in the V  fit

Absolute BR of Ke3 and Ku3 from PDGlive

Ke3(PDG) =(5.07 +0.04) % 0.8% error
Ku3(PDG) =(3.353 £ 0.034)% 1.0% error

Ratio of Ke3 and Ku3 in NA48/2 2003 data

Rikes/kor = 0.2470£0.0009 (stat) £0.0004 (syst)
Ricus) iax = 0.1637 £0.0006(stat) £ 0.0003(syst)

Ri s Kes = 0.663 £0.003 (stat) +0.001 (syst)

BR(Ke3)/BR(K2r)=0.4% error dominated by statistic  with 87x103Ke3
BR(Ku3)/BR(K2r)=0.4% error dominated by statistic  with 77x103Ku3

Mauro Raggi LNF, PhiPsi 2013 Rome | 11/09/2013 28



