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NA48/2 beams setup
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NA48 detector

> Magnetic spectrometer (4 DCHS):

e 4 views :redundancy = high
efficiency;

e Ap/p=1.0%00.044%*p [GeVIc]

> Hodoscope
e fast trigger;
® precise time measurement
(o, =150 ps) .

> Liquid Krypton EM calorimeter (LKr)

¢ (Quasi-homogeneous ionization
chamber

e 27 electromagnetic radiation lengths
long active volume

e Segmented transversally 13248 cells,
2X2 cm?2

e Energy resolution (E in GeV):

o(E) _ 0.032 - 0.09 5 LS
E JE E

The NA48 Detector

Liquid krypton
calorimeter
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K11V - theoretical framework and motivation

. T . 7T Lorentz invariant  [}2 = (P - Py) (7 - )
K | K (mymy )2
| >
IB T’ DE 7T’ DE can occur via electric and magnetic
dipole transitions X and X,
Differential rate
ar—:ar'é [1+2cos(iqo+51 o2)m2m? | X |W +mim; )W ]
K E
ow (W N

Y
IB

INT

Inner Bremsstrahlung (IB)
Direct Emission (DE)
Interference (INT)

: BR = (2.75+0.15)-10* PDG (55<T",<90 MeV)

: BR = (4.3+0.7)-10°
: not yet measured

PDG (55<T",<90 MeV)

Very different distributions!
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=
*nat 70y — event reconstruction and signal region

eNA48/2 measurement of K*—nz* n®y decay

eK+ and K- present in the beam:

possibility to study CP violating effects
eEnlarged T " region in the low energy part

(0<T* <80 MeV) wrt previous experiments
eBackground contribution <1% * DE,

mainly K *—z*aor0

eQrder %o y mistagging probability

for IB, DE and INT

¢|n total:

eMore than 1 M reconstructed events 420 Ak 08 e D=
(the full number is used for the CPV measurements)

eAfter a cuton W (0.2; 0.9) and on E , (>5GeV), still 600 k events left for the

measurement of the DE and INT fraction
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Kf-n* a0y —fitting techniqgues and fit results

¢ Extended Maximum Likelihood Fit (main method)

e  An algorithm assigns weights to MC W distributions of the 3 components to

reproduce data _ _ _ _
Data(i) = @—-a - B)[IB(i) +a [DE(i) + SIINT (i)

e This algorithm relies on the very different W distributions
¢ Polynominal Fit (used as cross-check)

107

. .. Systematics | DE x 102 | INT x 102
¢  The ratio W(Data)/W(IBMC) is fitted Y
with polynomial function:  F=c - (1 + aW? + bW?) Acceptance | 0.10 0.15
_ L1trigger 0.01 0.03
L MO PERD ] 2 g0 | L2 trigger - 0.30
10 7} [ Data-MC-MCpe
600 - resicuals 3 par Enel’gy 009 021
E ¥ =143726 Scale
10 400 [ B
i # Total 0.14 0.39
200 [

10 -200 F

-400 |

10 L
-600 |

Final result ( 2003+2004 )
Frac(DE) 1z o-soyev= (3-32 + 0.15, + 0.14,,)*102
Fl’aC(|NT) T*TC(O-8O)M€V:(-2'35 i 0'355tat i 0'393)/5)*10-2

INT has never been
observed before!




Kz —>nt 10y — comparison with previous experiments

9

The BR(DE) assuming INT=0 (T _*= 55-90) MeV : eSO O ey
polynomial fit technique .
¢ BR(DE) T*n(55—90)I\/IeV: (2-3i0-053tati0'077sys)'10_6 i
e PDGO8,,, = (4.3+0.7)-10°® d
e Bad y? probability of the polynomial fit: indicates s | * |
that INT=0 is a wrong assumption N |
K*—na* n0y — first extraction of X ¢ X,,
Under following approximations: x = Frac(INT)
E 2 a2
@=0 and cos(8,%-8,%) =cos(6.59 ~ 1 20{0.1050m ;)
Xg and X, can be extracted using the formulae: ¥ = Frac(DE)-mim’ | X, |} 2270107
. 22700072 Mg m?

Magnetic and electric components
Xg=(-24 £ 4, +4,,) GeV+
Xy=(254+11_ , +11_.)GeV+

stat Sys

K:-nat 0y — CPV parameters measurements:
asymmetry and @ angle: compatible with O 8







K* — w¥ltl- - motivation and theory

— _ 2 | ® suppressed FCNC processes
dr"ee/dz p(2)- W)l e one-photon exchange

z=(M/My)?, p(z) phase space factor | ¢ | sefy| test for ChPT

Form-factor models: TUEZe e TV
Ke o
(1) polynomial: ~ W(z) = GM?-f,-(1+02) o
(2) ChPT O(p®):  W(z) = GeMy*(a,,b,,z) + W(2)

(3) ChPT, large-Nc QCD: W(z) = W(w, j, z)
(4) Mesonic ChPT: W(z) = W(M,, M, z)

(2) D’Ambrosio et al. JHEP 8 (1998) 4
(3) S. Friot et al. PLB 595 (2004) 301
(4) Dubnickova et al. hep-ph/0611175

(f5,0) or (a,,b,) or (w, B) or (M,,M,) determine a model-dependent BR

e Parameters of models and BR in full kinematical range

¢ Model-independent BR (z > 0.08) in visible kinematical range *°
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K* 5 w*e*e - signal and normalization samples

Selections of both channels based on very similar ¢ onditions:
systematics (trigger, PID) in the BR ratio cancel p  articially

Events

= III|IIII|IIII|I
('9.45 0.46 0.47 0.48 0.49 0.5 0.51 0.52 0.53 042 044 046 048 05 052 054 056

@Mee > 140 MeV — cut for bg suppression @Aditional vy in the normalisation channel
L I _'(Q L
700E $ S10°k cut A‘E cut
- L =
600L Signal k - i l
5
Perfect description | 107 E i
500 g
of the radiative tails: g i \l\ Normalization
400| Photos 2.0 : 104k
- cut ; cut -
300 : N
|
200+ 5
100F 10° Ko ' q ’

M(Tee*e’), GeV/c? : M(rere), Gevic?
7253 candidates 12.12 M candidates
BG: 71 events estimated BG/Signal ~ 0.15%
with data BG/SIG. ~ 1.0% BG subtracted with MC

11
Kaon decay flux (2003+2004): &,=1.70x10'* with Flavianet'08 K * — n*a® BR



K* > wfete - form factor measurement

GOALS

@Model-independent BR integrating d I'/dz in the observable z region

@Model dependent BRs using fit parameters.
@AIl models agree reasonably well with data
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z distribution is sensitive
to the form-factor
and contains all the
dynamical information

dridz ~ p(z) x [W(2)|2
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Fit results

8=2.32 +0.184y e
[fol =0.531 % 00164y +eyst

a, =—0.578 £ 0.016,; 1syst
b, =—0.779 £ 0.066; +syst

W = 0.057 £ 0.007 g +eyet
B=3.45 +0.304 o

M, = 0.974 £ 0.035¢ 5y GEV
M, = 0.716 00144 1oy GEV
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Results — comparison with previous experiments

Model independent measurement

BR,,;x107 (M,,>140MeV/c?) = 2.28 + 0.03y,, * 0.04,,, + 0.06,,, = 2.28 + 0.08

Combined result of the 4 models

BR = (3.110.04,,,£0.05, 4, +0.08 0.07 046 )X107 = (3.11£0.12)x107

CP violating asymmetry (first measurement! correlat ed K*/K- uncertainties excluded):

3.6¢

3.4

3.2

3
2.8}
2.6
2.4}
2.2t

A(K#,) = (BR*—BR-) / (BR™+BR-) = (—2.241.5,,,+0.6,4, )%

X2 / ndf

pO

2.259/3
3.001+ 0.08676

Measurement events BRx107

Bloch et al., PL 56 (1975) B201 (41) | 2.70+0.50

- Alliegro et al.[E777], PRL 68 (1992) 278  (500) | 2.75%0.26

Appel et al. [E865], PRL 83 (1999) 4482 (10000) | 2.94+0.15

NA48/2 final (2009) (7253) | 3.11%0.12

@Form factor measurements for Model 1,2 and 3 *

in agreement with previous measurements
@Model 4 — never tested before

@J.Prades, e-Print: arXiv:0707.1789 [hep-ph], predic  ts (up to

its sign) a , = -(0.6 *9¢ ,.), in agreement with our result

005115 2 253 354 45 5 *fit done by the authors of Model 3 using BNL E865  dhta
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K*  n*n*u - signal region and fit

Data: Normal p*u-candidates

YR I Fit to the linear form-factor
(]
b x10™* dr/dz [GeV]
B TT7T
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1
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1

—~ | | L1 11 L1 1 L1 11 L1 11 L1 1 L 11 9
31QO recopstructed_ events 02 02t 03 03 04 045 0%
in the signal region:

4 times larger sample than
the existing world statistics! 14
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Conclusions

@ Precise measurement of K*—a*nly

(=

@ @ @ @

@ @ P

@
@

Precise measurement of DE contribution and first measurement of INT term
The values of X, and X_. are extracted

The BR(DE) assuming INT=0 (55-90) MeV gave bad 9 fit

CPV parameters measurements

Final result, paper in preparation

Precise measurement of K*—na*ete

Precision comparable with world’s best;

BR and form factor measurements in agreement with ChPT and
other measurements;

First limiton CPV asymmetry .

Paper published in PLB

@ Precise measurement of Kiroaip*p

@

@ Analysis is well advanced. Aim to bless preliminary results this year.

Four times larger sample than the existing world st atistics has been collected

15
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Kf—n* a8y —polynomial fit

measured W/W from IB

Waa Waie

3.5 g A B L R R
s F BNL E787 | - Polynomial fit
i b) ]
25 | -
, b E Frac(DE) = (3.2 £0.16)*10
C . — * -2
s b E Frac(INT) =(-2.20 = 0.4)*10
- )”/'/‘*/7 E
1 """ —
s b E The two results are in a
, ] very good agreement!
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
W
>4 i ?1;:2; oo —0?21%2 + 0.3858E-01
22 | : Lok 03mgEd:
18 | m
fee(1+aW+b W)
1.6 -
j y
o Wy
1.2 ! Wm
1 } +,_WQM¢
(‘; 0“.] 0.‘2 0_‘3 014 015 0.‘6 0‘.7 018 010 1

w



Fit function for W distribution

0 IB [1+2C0‘51 52)m m |X |W2+m (lXE |2 +|XM |2)W4]
0W J
Y
INT
dir _dr(iB) 1 ' in AL 2 4
— 1+ (X cospcosA, + X singsinA;) W< +cW
aw  dw L+ (Xc cosp - Singsinto )
A 2
dr _ACOB) 1, (0 w2 + o) dAsym _T*-I"_  eW
dw ~ dw dW T +r 1+alv?+bmv
_ Cospeos@y) Xe _ Frac(INT) __ .-
IINT/IB 0.105
sm(ﬂsm(A ) X - A%/m:e_ﬁNT“B
IINT/IB
b:frac(DE)_ 0.032 — 1463

_[DE/IB 227007

18
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Extraction of the ¢ angle

o =0 i+ 2c0s(eg 8 - GMEME | X W2 i (| X F +1 X, W]
+~—-r- It -1 L ,
Ay = g T = 2(Iin7/1; B)XE?r'r.%(m?rH?.n,(q:';l) -‘-i'e’.-".ir.i’-({'}% — dg}
An
sin(¢) = >

2 (JTINT//JTIB) J{E? I’I-?;{? I’?-gr ‘-»HI((E"% — (3{2})

sin () 2003+2004
sin (@) = (-0.011 +0.43) [sin ()|<0.56 CL 90%

19
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*—n* a0y - CP violation parameters
A o N RV
eAsymmetry in the rates "7 N, + RN _

where R=N(K*)/N(K-)=1.7998+0.0004  (using K3 & decays)
The NA48/2 result: A= (0.03 £ 1, £0.64,)-103; limit- A < 1.510° 90% C.L.

olf #0 then I' ( K*—z*nd) # I'( K-—mnl): clear sign for CP violation!

NA48/2 result on sin( @): sin(@ = (-0.011 + 0.43), |sin( @)|<0.56 CL 90%
Theoretical prediction (SM) :  Theoretical range 2-10° to 1-10° with 50<Ey*<170 MeV

0.08

T ol
eAsymmetry in the W spectrum ém
dAsym _ ellv? % o | 1
dw  1-0.247IW? +1.46ZW* o et ++H
Asym=e| INT/IB=(-06+1)10° | B +

NA48/2 result: A= (-0.6 +1,,)-103

0 0.1 0.2 03 04 05 06 07 08 09 1
W
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CPV table of systematic

Effect Value
P, distribution correction 3-104
+ - Acceptance difference <4-10°
LVL1 trigger 3-104
LVL2 trigger 4-104
TT" TC cross section difference ~4-10°
R max variation 3.5-10%
Total Systematic 6.1-104

21
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K* — afete - selection criteria
BR (K*— m*e*e) is measured normalizing to K *— a*a%, — n*etey

Common selection criteria

¢ 3-track vertex concistent in space and time
e E/p<0.85 (11%), E/p > 0.95
® opposite sign electrons

Selection cuts: normalization
(K* - m*1p)

Selection cuts: signal

e M, > 140 MeV kinematical ¢ Selection of good vy
suppression of the bg from the

o ¢ Cut on kaon (nte*ey) mass,
normalization channel

total and transverse momentum
¢ Cut on kaon (1r*e*e’) mass, total

and transverse momentum The use of a very similar channel

cancels systematics (trigger, PID)
in the BR ratio




K* - wt*tete - background

Mee
900+ P o

= 71"7T"p Normal an . . :
800 / 33 avenis BG is identified with MC
700 : .

: / but BG is estimated
600} _
500F 2X_same-sign events from DATA with
400E (K* > mn%) _

: — “same — sign” (SS) events
300F I

- ’ «~
200; { Mee-cut K —-Pﬂ:te ‘e”
100} ' :

. . ) e e B 1“%%&___._

$o5 01 o015 02 025 03 035

Mce (all cuts applied except M . > 140 MeV or z > 0.08)

e K*  m*a’; with misid. et and =* SS

The region M , < 140 MeV -1

. e 0 o
is dominated by background ® K* - etva’p with misid. e BG

¢ e*e- pairs (conversions and Dalitz) }
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* satete -how to

Events

T
-
—o—
-
-0
-

500 ++ ++

400
+

300 ¢

T T
=.=

200 ¢ ¢

4
L

100

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
V4

0

Background — scaled by factor 5 to be visible!
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K* >natete - Final results on form factors, BR, asymmetry

BR,,; %10’ 2.26 + 0.034, + O'O?’syst + 0.06,: = 2.26 = 0.08
(Mge>140MeV/c?)
0= 2.32 * 0.15,,, * 0.09, = 2.32 + 0.18
Ify= 0.531 + 0.012,,, + 0.008,,, + 0.007,,, = 0.531 + 0.016
BR,x107 = 3.05 + 0.04,., * 0.05, * 0.08,, = 3.05 + 0.10
a,= -0578 + 0.012_,, +* 0.008,, + 0.007,, = -0.578 + 0.016
b,= -0.779 % 0.053,, * 0.036,, * 0.017,, = -0.779 = 0.066
BR,x107 = 3.14 + 0.04,, * 0.05, * 0.08,,, = 3.14 + 0.10
w = 0.057 % 0.005,,, + 0.004,,, + 0.001,,, = 0.057 + 0.007
B = 3.45 + 024, * 017, * 0.05,, = 3.45 + 0.30
BR,x107 = 3.13 + 0.04,., * 0.05, * 0.08,, = 3.13 £ 0.10
M,= 0974 = 0.030,,, * 0.019,,, + 0.002,,, = 0.974 £ 0.035 GeV
M,= 0.716 = 0.011,, =+ 0.007,, * 0.002,,, = 0.716 + 0.014 GeV
BR,x107 = 3.18 + 0.04,., * 0.05, * 0.08,, = 3.18 £ 0.10

Including uncertainty due to the model dependence:
BR = (3.11+0.04,,+0.054,; £0.08,;* 0.07,,,4¢)%10~" = (3.11£0.12)x10~’

CP violating asymmetry (first measurement! correlat
A(K*ge) = (BR*-BR") / (BR*+BR") = (=2.2£1.54,,+0.64 ;)%

ed K*/K- uncertainties excluded):
25
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K= —n*ete Linear fit — comparison with previous

experiments

Measurement Process Result
Alliegro et al.[E777], PRL 68 (1992) 278 K*smefe 1.31+0.48
Appel et al. [E865], PRL 83 (1999) 4482 K*smefe 2.14+0.20

Ma et al. [E865], PRL 84 (2000) 2580

K* S ot

2'45+1.30_0.95

NA48/2 final (2009)

K*, 1etete”

2.32+0.18

x2 I ndf 4.288/ 3
6 3-5: po 2.193 + 0.1277

3 :_ ......................... T ...............

P T T S

2 -_ .......... — .............. .........................................................

1.5}
1_92 ........................ 990008 ..........

VMD models [PRDéO (1999) 053007]
0.5 05 1 1.5 2 256 3 3.5 4 4.52
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Kt wtutu- - background estimation
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Background estimated with
same sign events

z

Data: 2 x Same-sign muon candidates

Events
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Consistent description
of the background
both with Monte Carlo
simulation and data
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