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The NA48/2 beams
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» Simultaneou$ P = (60+ 3) GeVic] K™ andK~ beams
= largecharge symmetrizatioof experimental conditions

» Beams coincide within- 1 mmalong thel14 mdecay volume.
> FluxratioK /K~ ~ 1.8.



The NA48/2 detectors

Muon vebt sybérm
Hadron calorimeater .
Hjult Kypton calidmeter » LKr electromagnetic calorimeter:
e I quasi-homogeneous, high granularity
ot counter o[M(rE7°7°)] = 1.4 MeVic?
» Magnetic spectrometer:
4 DCH +dipole magnet

o[M(37%)] = 1.7 MeVI/c?

= elr discrimination E/p)

» Scintillator hodoscope
for charged fast trigger:
o(t) = 150 ps

» hadron calorimeter
» muon counters

» photon vetoes



TheK* — 77—~ decay



K* — 7*7% : Theory
Two sources ofy radiation:

Inner Bremsstrahlung (IBand
Two kinematic variables:

7 .\ T .
K" Yy K" 7T T =x* kinetic energy
—+ in K= rest frame
IB 7'[,'0 DE 7[0 WZ _ (qu : p“,/)(pK : p“/)
mgmé
After integrating onr :
dr+ dijg
W aw |t < (8)

+ 2mgmé cog+¢ + 01 — 65) X W2 < (INT)
it (el + P l?) W «



K* — 7t7% : Theory

dr+ drjg

aw dw{1 < (1B)
+ 2m2ne cog+¢ + 6} — 63) X W2« (INT)
it (e + ) w «

IB is known fromK* — 7%79 (Low theorem) + QED corrections
= dominant, although suppressed&y = 1/2 rule

amplitude contains two termsO(p*) ChPT]:

» magnetic dipole<,, with two contributions:
— reducible Wess-Zumino-Witten functional 60 GeV-4)
— direct (non known)

» electric dipoleXg: no prediction in ChPT

INT is interference betwedB and amplitudes



K* — 7*7% : Theory

dr+ dljg

W | < (1B)
+ 2mE e cog(+¢ 4 01 — 02) Xe W2« (INT)
+ it (X[ + X [2) WA < (DE)

Monte Carlo W-distributions
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K* — 7*7% : Previous measurements

PDG 08: BR=(275+15)-10°  g3sy BNL E787
BR(DE) x1° _ Stat. % d
E787  47+09 20k .
E470  38+11 10k % N
ISTRA+ 37+40 0.9k =
PDG08 4.3+0.7 ol ]
Previous DE measurements: %01 0505 04 05 06 07 O?N 09

» Kinematic range 55 MeV< T; < 90 MeV
» Photon mistagging probability> 10%
» Assumption: INT =0

So farno interference nor CP violation observed
» E787:INT/IB= (-0.4+1.6) %



K* — 770 : T* range
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K* — 710 : T* range
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But... this excludes most dPE events.

55 MeV <T* <90 MeVregion used in previous experimer
to reject background (mainky®° andr*7%7°)

nts

|

This measurement is performed in the region T < 80 MeV

to improve statistics and sensitivity o




Measurement oK+ — 7+7%y decay rates



K* — 7*7% : Data sample

* Data
o BEMC(TTOR)
WMC(Tfy)
.l MC(Total)

New NA48/2 measurement:

» BothK™ andK~ in the beam
(= CPV check possible)

» EnlargedT region:
0< T; <80MeVv

» Background< 0.01%
(mainly 7+ 7970)

» ~ mistagging probability< 0.1%

Events/0.0005 (GeVA:

1044 045 046 047 048 049 05 05L 052
Reconstructed kaon mass (Ge’&)’lc

Total KT — 7w+=0~ data sample:

» More thanl million events

» For the fit: restrict to0.2 < W < 0.9 and E, > 5 GeV
= still 600 000 7= 7% candidates in the fit



K* — 7*7% : Fit techniques

» Poissonian Maximum Likelyhood Fitin bins of W?
Correct for acceptance with MC

Data(i) =No[(1— o — 3): IBuc(i) + a- INTyc(i) + - DEyc(i) ]

L'l).l 02 03 04 05 06 07 08 09 00' 02 03 04 05 06 07 08 09
W(IB) W(INT)

D0.1 02 03 04 05 06 07 08 09
W(DE)

W (IB) W (INT) W (DE)

» Polynomial Fit (used as cross-check)
Fit the ratiow(Data) / W(IB)sc) with polynomial function:
F(W) =c- (1+awW? + bW?*) = Frac(DE) Frac(INT)



K* — 7*7% : Fit Results

Fit with the “Maximum Likelyhood”
Fit

§ = Data Tﬁ
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Frac(DE) =(3.32+ 0.15) - 1072

Frac(INT) =(—2.35+0.35) - 102

method:

Residuals
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with:

and
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Frac(DE) = Br(DE) / Br(IB)
Frac(INT) = Br(INT) / Br(IB)
0< T < 80 MeV.



K* — 7t7% : Polynomial fit

P
Fit with a Polynomial : g

2 22
f(W) = c(1+ aw? + bw?) S

Assumes same acceptance 18}

as a funcion of W 16
for IB, DE and INT

1.4

b

TE

used as a coss-check

r ¥X'/ndf 66.3 | 67

F a -0.21 +0.04
L b 1.41 +0.07
r c 1. 004 £0. 004

f=c(L+aW+bW

[N

Frac(DE) =(3.1940.16) - 1072
Frac(INT) =(—2.21+0.41) - 1072

=- Excellent agreement with
Maximum Likelyhood Fit
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K* — 7%7% : Fit with no Interference term

Fit with INT = 0:

Fit residuals
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= Clear disagreement with INT = 0 hypothesis!



K* — 7*7% : Final results

S
o
I

= CL(68.2%
Systematics: e
INT 002
Source x10°
Acceptance 0.10 0.15  005p
L1 trigger 0.01 0.03 ok
L2 trigger 0.05 0.30 ‘
Energy Scale  0.09 0.21 gt
Total 0.39

-0.04

, . , , , . .
0.026 0.028 0.03 0.032 0.034 0.036 0.038 0.04
FRAC(DE)

Final NA48/2 resultson K* — 7t 7%y fractions:

Frac(DE) =(3.19+0.16) - 102
Frac(INT) =(—2.214+0.41) - 102
Correlation:p = —0.93




K* — 7%7% : Extraction ofXg andXy

Approximations for extracting Xg and Xy :
4 (b =0
> cogd} — 62) = cos65° ~ 1

M agnetic and electric components (first measurement)

Xe = (=244 Aot £ 4sys)) GV
Xm = (254+ 115t 11sye) GEV 2

WZW reducible anomaly prediction¥y ~ 260 GeV*

= NA48/2 Xy measurement points ¥WZW reducible anomaly only



CP violation searches



wiwofy : CP violation studies

W= awt T 2mg mé cog(+¢ + 61 — 65)XgW?

+ Mg (IXe[? + [Xu AW
$#0 = I'(Kt - 777%) £T(K~ — 77 7%)

SM prediction on asymmetry:
2-10°% ~ 107 for 50 MeV < E <170 MeV.

Possible SUSY contributions can push the asymmetry
up to10~* in someW regions

Two possible measurements:
— Asymmetry in the total rate> needs normalizatiorKg;)
— Asymmetry in the Dalitz plots- W spectrum



K* — 7*7% : CP violation studies
For CP asymmetry analysis. remove cuts oWV range ancE;“‘”
= 1.08 million eventdor CPV analysis.

M easurement of rate asymmetry:

B r+—r- ~ Np+goy, =R-Ni—ro,
STt 4+T" Nprgo, + RN,

An

with R= N+ /Nx- = 1.77984) from K* — 7F7970

4

Ay <15-10% (90% CL)

= First limit onsin(¢):

sin(¢) = —0.01+0.43,  |sin(¢)| < 0.56 (90% CL)




K* — 7*7% : CP violation studies

Fit of asymmetry in W spectrum:

)
g

dr+ dljg

d—W_ dw [+(aie)W2+bW4]

\U/ 0.02

=3
&

(N*=RN-)/(N*+RN)
2

Single parameter fit to: ’TL o W% ’

dAW . e- W2
dW  1—0— 2472 + 1.463W4

X/ ndf 94718

|

Ay =e [Nl = (-0.6 + 1.0) x 1073

L L L L L L L L L
01 02 03 04 05 06 07 08 09

compatible withAy.

No CP asymmetry observed in K¥ — w70+ 1




Conclusions



Conclusions

More thanl million K* — 7+ 7%y events withtiny background

First observation and measurementridérferencebetween IB
and DE amplitudes

Xg = (—24 % Astar £ 4syst) GeV* measured for the first time

MeasuredXy = (—24 = 4star + 4syst) GeV 4 consistent with
WZW reducible anomaly only

O(1073) limits on directCP violationin K* — 7*7% decays

May 2010: paper accepted for publicationERJ C



	Outline
	The NA48/2 experiment at CERN SPS
	The K+ -  decay
	Measurement of K0 decay rates
	CP violation searches
	Conclusions

