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The NA48 Detector
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A BC A

and DE

�GF 5 decays

H

the most accurate and theoretically cleanest way to extract

IJ KL I
The master formula for the

� F 5 decay rates:

M NPO Q R SM NTO U R S VW Short Distance
Corrections

Calculated f.f. @ t=0W X Y

order SU(3) Z []\^ _ N ` = 0 for

a b
Z [dce f g

for

a h

larger for

a b

Phase Space integral
depends on f.f.Measured BR and Lifetime

ij kl mn opq r s tq u twv x yqz{| }n ~�� � �� �� �| �� � �� � �| � �l �� � � � �� � � ��� k| o � � �� � �

Experiments supply BR, � and Form Factor measurements
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BR(

��E ) and BR(

��E )

� � �

collected during 2003 data taking NA48/2 Experiment

(Main purpose search for direct CP violation in

� � 
 @� decays)� Special low intensity ( >1/8) minimum bias run� Simultaneous

� �

and

� � beams� � �

flux 0 @%$ : > 1 # �

;

� �� � � 0 1 $ �'

(production rate @target)

Momentum Selection

3 GeV/c+_= 60K
P µ Sweeping

Focusing

all along 114 m decay volume
coincide within 1mm

Simultaneous K+ K− beamsBeam 
Spectrometer
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BR(

��E ) and BR(

��E )

We measured the ratios of these decay rates:

	 È 5ÊÉ Ë È 7ÍÌ " Î Ï È UÑÐ Ì Q É UÓÒ ÔÎ Ï È UÕÐ Ì U Ì Q Ô 	 È×Ö 5 Ë È 7Ì " Î Ï È U Ð Ì Q Ö UÒ ÔÎ Ï È UÕÐ Ì U Ì Q Ô 	 È×Ö 5 Ë È É 5 " Î Ï È UÑÐ Ì Q Ö UÒ ÔÎ Ï È U Ð Ì Q É UØÒ Ô

Same event signature in the ratio: 1 charged track and 2 Ù from a� �
decay

Cancellation of uncertainties

E/p > 0.95 � id
E/p < 0.95 � id

Hit in time in MUC � id

Selected Events � �É 5 � �É 5 � �Ö 5 � �Ö 5 � �7ÍÌ � �7Ì

56196 30898 49364 27525 461837 256619

Background < 1%

Michele Veltri CKM2006 NA48 Results on Kaon and Hyperon Decays Relevant to

�� �� �

– p.6/21



BR(

��E ) and BR(

��E )

	 È É 5 Ë È 7ÍÌ " #%$ : &)Ú Û #%$ # # #) L .ÝÜ . Û #%$ # # # &LÞ L .	 È×Ö 5 Ë È 7ÍÌ " #%$ 1Ú @ � Û #%$ # # #Ú L . Ü . Û #%$ # # # @ LÞ L .	 È×Ö 5 Ë È É 5 " #%$Ú 2 Ú Û #%$ # # @ L .ÝÜ . Û #%$ # # 1 LÞ L .

Systematics� Detector Acceptance
Account for Radiative Corrections� Trigger Efficiency� Form Factors
Input values and Model

Taking BR(

� 7ÍÌ ) from PDG we evaluate:

BR


 � �É 5 � " #%$ #2 : : 1 Û # $ # # # 1 ) L . Ü . Û #%$ # # # # ' LÞ L . Û #%$ # # # @ #àßá âã

BR


 � �Ö 5 � " #%$ # @ & : 2 Û #%$ # # # 1 @ L .ÝÜ . Û #%$ # # #Ú LÞ L . Û #%$ # # # : #ßá âã

Error dominated by BR


 � 7ÍÌ �

uncertainty
BNL–E865 result is confirmed
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Results for ä åÝæ ç A BC A

from

��E and

��E

With the BR(

� �É 5) and BR(

� �Ö 5) we can derive

è � 
 # � I J KL I

è � 
 # � IJ KL I

=

#%$ : : # & Û #%$ # # 1 : � �É 5è � 
 # � IJ KL I

=

#%$ : 1 � � Û #%$ # # 1 @ � �Ö 5è � 
 # � IJ KL I

=

# $ : 1 ) � Û #%$ # # 1 : � �F 5
0.216

0.217

0.218

0.219

0.22

0.221

0.222

0.223

0.224

|V
us

|  
f +(

0)

In good agreement with CKM unitarity

External Input Usedé O ê and ë O ê from PDGìØí =
î Sðï Sñ ñò ó ô gï g g g g S õö S g÷ ø

GeV÷ Wù cú =

î Sðï gWò g ô gï g g gò õZ ûýü þ\ ^ N R î W ïò S ô gï W W õÿZ ûce R î gï gò ô gï S g õÿZ þce R î gï W g ô gï W g õÿ� ûO R gï S� � S ô gï g g S W� þO R gï S gñ ñ ô gï g g g�
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BR

å � � ä � � ç

� ��� collected during 1999 � � � � data taking NA48 Experiment� Special minimum bias run,

� � beam only

We measured the following ratio:

	 È 7ÍÌ Ë È É 5 " Î Ï È
	 Ð Ì ê Ì � ÔÎ Ï È
	 Ð Ì U É Ò Ô

Event Selection � 
 �÷ a û �
2 tracks

ô

E/p < 0.93 E/p > 0.93

good vertex no ���� �

Selected events 47k 5 ö S g �

E/p: energy deposited in Lkr / track momentum
0 0.2 0.4 0.6 0.8 1 1.2

0

1000
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3x10

electrons
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Ke3 events: E/p of electron and pion track
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10
6

only pions pion
background

misID
electrons

Determine from data

� 
� 
 � � " 
 #%$ 2 ) : Û #%$ # #Ú L .ÝÜ . � !

and� 
� 
� � " 
 #%$ & �' Û #%$ # # &L .ÝÜ . � !
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BR

å � � ä � � ç

Î Ï È
	 Ð Ì ê Ì � ÔÎ Ï È
	 Ð Ì U É �Ò Ô " 
 &$ ' @2 Û #%$ # : : L .ÝÜ . Û #%$ # : # LÞ L . � > 1 # � @

(hep–ex/0611052)

]-3 [10e3 KΓ / π2 KΓ
4.8 5 5.2 5.4

PDG 2004
 0.10±5.37

KTeV 2004
 0.029±4.856

NA48
 0.027±4.835

Using updated NA48 measurement
BR(

�É 5 � " #%$ & # : : Û # # @ 1

Corrections (%)

Background in

a N � -0.49� cut +0.48

E/p cut +1.34

Trigger Efficiencies -1.29

Total Correction +0.04

BR


 ��� 
� �� � � " 
 1 $ ) & 1 Û #%$ # 1 ) � > 1 # � 5 (no DE)

In agreement with KTeV and KLOE
and contradicting former PDG aver-
ages

The date represents the year of publication.

]-3) [10-π+π→LBR(K
1.9 2 2.1 2.2

PDG 2004
 0.025±2.090

KTeV 2004 (incl. IB, DE negligible)
 0.012±1.975

KLOE 2006 (incl. IB + DE)
 0.021±1.963

NA48 (incl. IB, no DE)
 0.019±1.941

NA48 (incl. IB and adding DE)
 0.019±1.969
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� �E Form Factors: Physics Motivations

� F È � è � 
�� �� è � 
 � � �

is needed for the extraction of

I J KL I

Two form factors,

è � 
 � �

, describe the

� F 5 decay� " � � � !: J KL " è � 
�� � 
# È $ # Ì � Ö&% ' F ÙÖ 
 1 $ Ù)( � 'Ò $ è � 
 � � = F% ' F 
 1 $ Ù)( � 'Ò *

�

is the square of the four–momentum transfer to the lepton system

è � H = 7F � + 7 È Can be measured only in
�Ö 5 decays

è � 
 � �

is a combination of the two:

è � 
�� � " è � 
 � � $ .Ï ã ,.- � ã ,0/ Ô è � 
 � �

è �21 � 
�� �

are the vector and scalar form factor and are related to the angular
momentum of the lepton pair
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� �E Form Factors Parametrizations

Well known parametrizations of the form factors are: Linear, Quadratic and Pole

è �21 � 
�� � " è � 1 � 
 # � 1 $ 3 �21 � � � = 7Ì LINEAR

è �21 � 
�� � " è � 1 � 
 # � 4 1 $ 3 � �21 � � � = 7Ì $ 5 7 3 � � �21 � 
 � � = 7Ì � 7 6
QUADRATIC

è � 
�� � " è � 
 # � ã ,�ã ,� � . POLE

è � 
 � � " è � 
 # � ã ,87ã ,97 � .

In the pole model the f.f. acquire a physical meaning: they are related to the
exchange of

�:

resonaces with spin–parity

1 � / # �

and mass =�; / =<

Experiments measure the normalized f.f.:

=è 
�� � " è �21 � 
�� � � è � 
 # �
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New Parametrizations of the

� �E Form Factors

Recently new parametrizations of the

� �Ö 5 Form Factors have been proposed
[Phys. Lett. B 638(2006) 480] (hep–ph/0603202)è � 
�� � " >? @ A .ã ,B/ 
C � $ D 
�� � � E è � 
�� � " >? @ A .Ï ã ,.- � ã ,B/ Ô 
FHG IKJ � 
 � � � E

� Based on dispersion techniques� Describe simultaneously the slope and the curvature of the f.f.� For the dispersive integrals

D 
�� �

and

� 
 � �
accurate polynomial approximations

have been derived� Key parameter is

F G I " FHG " è � 
 = 7 È J = 7Ì � *
the value of the scalar f.f. at the

Callan–Treiman point� The value of

F G I

can provide a test of Right Handed quark Currents coupled
to the standard W boson

FHG I " #%$ : 12 1 Û #%$ # # &2 $ =MLON + $ L 
 � �

L 
 � � is the RHC contribution and

=L N + P 1 # � 5 is the Callan–Treiman discrepancy
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� � �RQ SUT � Form Factors Analysis

� ��� collected during 1999 � � � � data taking NA48 Experiment�

Special minimum bias run,

� � beam only�

Dalitz Plot analysis: to extract the f.f. fit the DP density

V 
W :Ö � W :Ì � " XY , Ï 4 Z0[ 1 4 Z/ ÔX 4 Z\[ X 4 Z/ ] ^ è 7 � 
 � � $ � è � 
 � � è � 
�� � $ I è 7 � 
�� �

Event Selection� id. (Hit in time in MUC)� id. (

_ VH` a gï �

)

no b (against

a û � )
no

a � �( c � Nb aed gï g g f

(GeV/c)

N
)

Radiative Corrections with KLOR

use the LOW energy solution (true 61%)

Selected

W ïò ö S g �
events

0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24

0.14
0.16

0.18
0.2

0.22
0.24

0.26

0

200

400

600

800

1000

1200

x 10 2

E
* µ

E *π
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� � �RQ ST � Form Factors Preliminary Results

Linear ( ö S g ÷ �

)g 
 = 26.1

ô

0.6

ô

0.8g b = 12.6

ô

0.7

ô

1.0h N /ndf = 405.0/406

Quadratic

g 
 î ö S g÷ � õg � 
 = 16.8

ô

2.3

ô

2.4g � � 
 = 4.0

ô

1.0

ô
1.0g b = 9.1

ô
1.1

ô
0.8h N /ndf = 388.4/405

Pole (MeV/c

N

)�i= 915

ô

10

ô

17�\ = 1348

ô

43

ô

53h N /ndf = 395.3/406

Dispersive ( ö S g ÷ �
)j 
 = 22.7

ô
0.6

ô
0.8kml M

= 153.3

ô
8.4

ô

11.0h N /ndf = 394.1/406

�

Like other exp. we observe a quadratic term in the expansion of

è � 
�� �

� 3 � is smaller than what recently reported�

According to the model of Stern and Coll. the value of

F G I

from the
dispersive fit gives:

L 
 � � $ =nL N + " J #%$ #Ú : Û #%$ # 1 & Y opq Û #%$ # # : . r�Éá Û #%$ # #2 És .
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t �

BR and Lifetime

� � �

collected during 2002 data taking NA48/1 experiment� Purpose: Measurement of very rare

�< decays and neutral hyperon decays� Neutral beam with target close to the decay region� Same

�< target from � � � � measurement but

: # # > intensity

� �

,

C

lifetime P �< lifetime

Ü Kaon experiments can provide large samples of neutral hyperons
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t �

Beta Decay

� �

(uss): strange partner of the �(uud)

� Under interchange of

�

and � quark the� � � � �2� �% �É decay is analog to neu-
tron

�

–decay

Test of

��  ¡ ¢

simmetry

� In exact

��  ¡ ¢

the ratio between £ 5 ¤ è 5
is equal to the neutron

�

–decay
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Possible measurement of

¥¦¨§ © ¥ complementary to the one obtained with

ª

decays

«­¬ ®¯±° ²´³ µ�¶·¸° ² P ¹ º¼» ¥¦§ © ¥ º ½¿¾ ÀÁÂÄÃÅ  Æ Ç Èº � ¢   ¥É ºËÊ ¥ÍÌ ¡ ¥ £ º Ê ¥ ¢

Î&Ï Ð ÏÒÑ ²Ó ÏÒÔ Õ Ð ÖØ× ÙÚÛ ÜÝ Þ Ö × Ö Ö ÖÚ Ù
GeV/ ß à and

á Ð âÍãã ° ² Ð ÖØ× ÖäÛ ÜÚ Þ Ö × Ö Ö Ö Ù Ù

So far only one BR measurement by KTeV with 176 events
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é ê

Beta Decay: Event Selection

� �

is a unique signature of

ë Â �

–decay

Two body mode forbidden by energy
conservation

Reconstruct the

� �

by its decay to ìí Â

Require the presence of an electron

NA48/1 has 6316 candidates

Background î 215 events (3.4%)
Estimated from mass side bands

Use

ë Â � ïí Â

as normalization channel
(59K events)
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BR(

é ê ðòñ ó ôöõø÷ )

The NA48/1 result is: (CERN–PH–EP/2006–032)

BR

  ë Â � � �� � �úù ¢ ¬  û�ü ýÆ þ ÿü ÿ¡ © � � � þ ÿü ÿ � ©� © � ¢ � Æ ÿ � �
Apply charge inversion to get

ë Â
0

25

50

75

100

125

150

175

200

1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26

mass side bands

in signal region

Ξ Σ
p π

e ν0 +

Λ π 0

p e+ ν
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+

555 events
a)

+
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s/

2 
M

eV
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Systematics

Trigger efficiency
ÞÚ × Ú �

Form factors

Þ Ù × Ý �

Acceptance

Þ Ù × Ö �

� �

polarization

Þ Ù × Ö �

Normalization

Þ Ù × Ö �

Others (bkg, 	Ñ ² ) Þ Ù × Ö �

Total

Þ
 × Ü �

Measured also: BR

  ë Â � � �� � �ù ¢
(555 events)

BR

  ë Â � � �� � �ù ¢ ¬  ûü ý ý þ ÿü Æ � © � � � þ ÿü Æ ÿ ©� © � ¢ � Æ ÿ � �

Michele Veltri CKM2006 NA48 Results on Kaon and Hyperon Decays Relevant to

åæ&çè å

– p.19/21

http://cdsweb.cern.ch/record/991108


�

�

�

from

é ê

Beta Decay

� Use

ë Â

lifetime from PDG06 and the combined result of

ë Â

and

ë Â
branching ratios to evaluate the decay rate:

«   ë Â � � � � � � �ù ¢ ¬  �ü � � þ ÿü ¡ Æ ù �� þ ÿü û ��� ²��� � ¶ �� �¶ ¢ � Æ ÿ � � � Ê

� With KTeV form factors and neglecting SU(3) breaking for
É Ê we obtain

¥¦§ © ¥ ¬ ÿü û ÿ � þ ÿü ÿ ÿ ý ù � �
� Â"! Âº º� Â! Âº# $&%' ( $&)* + %' ,

Good agreement with

¥¦¨§ © ¥ from K decay but large uncertainty from form factors

Use

¥¦§ © ¥ from Kaon decay to determine £ Ê ¤É Ê instead

£ Ê ¤É Ê¬ Æü û ÿ þ ÿü ÿ � ®¯ þ ÿü ÿ¡ ù � �

Ü To be compared with £ Ê ¤É Ê¬ Æü û � �

of neutron decay
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Summary

New results relevant for

¥¦§ © ¥ from the NA48 experiment:

BR(

ª - � í Â� - � ¢ ¬ ÿü ÿ ýû û Æ þ ÿü ÿ ÿ ÿÆ � © � � � þ ÿü ÿ ÿ ÿ ÿ� ©� © � þ ÿü ÿ ÿ ÿ¡ ÿ/. 01 ¾
BR(

ª - � í Â"2 - � ¢ ¬ ÿü ÿ¡ �û ý þ ÿü ÿ ÿ ÿÆ ¡ © � � � þ ÿü ÿ ÿ ÿ � ©� © � þ ÿü ÿ ÿ ÿû ÿ/. 01 ¾
PRELIMINARY

ª43 � í - 2 5 �76 Form Factors
BR(

ë Â � � �� � �úù ¢ ¬  ûü ýÆ þ ÿü ÿ¡ © � � � þ ÿü ÿ � ©� © � ¢ � Æ ÿ � �
And others not shown:ë Â

Lifetime 8� ² ¬  ¡ü ÿ� û þ ÿü ÿÆ ¡ þ ÿü ÿÆ û ¢ � Æ ÿ � Ê Â

s
About 2 9 above PDG2004 average and 5 times more precise PRELIMINARY
Using the new lifetime value:¥¦§ © ¥ ¬ ÿü û ÿ¡ þ ÿü ÿ ÿ �òù � �

� Â"! Âº º� Â"! Âº : $&%' ( $)* + %' ,

Semi–muonic

ë Â

decay (from 99 events) PRELIMINARY
BR(

ë Â � � � 2 � � 6 ¢ ¬  û�ü û þ ÿü ¡ © � � � þ ÿü û ©� © � ¢ � Æ ÿ � Á
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