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NA48:NA48: Finished with our part of the  Finished with our part of the 
Re(Re(ee’ /’ /ee) saga) saga

CP violation in the 
decay amplitute 

CP  eigenstates  mass �
eigenstates

CP violation from 
inter ference of   “ DIRECT 
and MIXING”
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What has followed?What has followed?
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• Program that will continue to 
help producing:
–A coherent picture of flavor  

physics
• Kaons &  Hyperons 

��

 b, t, etc.

–Precision measurement of the 
CKM parameters

–Look other  manifestations of 
Direct CP violation

   
�

�

 Required before we can  Required before we can 
challenge the SM challenge the SM 



�

The measured Br(B

�

pp, pK) 
exhibits puzzling patterns.
 

�

The B

�

pp hierarchy can be  
accommodated in SM, while the 
B

�

pK system may indicate new 
physics (NP) in the electroweak 
(EW) penguin sector  with a large 
CP phase.
                            (Buras, et. al.)

�

 Consequence:
Br (K L

�

 p0nn) ~ 10 x Br(K L

�

 p0nn)SM

                          >   3 x Br (K +

�

 p+nn)
 
                          > 3 x 10-10

Puzzle in B’s Can it be confirmed with kaons?Puzzle in B’s Can it be confirmed with kaons?  
 

�

�

 Could be measured soon… Could be measured soon…



Not only K

	

pnn ! NP sensit ivity of K L

	

p0ll 

system :
Buras,Fleisher,Recksiegel,
Schwab : hep-ph/0402112
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Further signs of NP in KFurther signs of NP in KLLpp00ll could be ll could be 

possible with l=e or possible with l=e or mm

KL




p0 l l   easier 

experimentally, but  
theoret ically

harder…  need

        K S

�

p0 l l 



Main task of NA48-1 was to measure Main task of NA48-1 was to measure 
KKSS�� p p 00ll++ll --   cont ribut ion to cont ribut ion to KKLL�� p p 00ll++ll --   

Direct 
CPV 

Indirect CPVCPC
J=2: Br(K L

�

p 0ee) <  3x10   -12

J=0: Br(K L




p 0mm) ~ 5.2x10   -12
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KKLLpp00gggg       Old results gave us: Old results gave us: 



Main task of NA48-1 was to Main task of NA48-1 was to 
measure measure KKSS   �  � p p 00ll++ll -   -   

Direct 
CPV 

Indirect CPVCPC
J=2: Br(K L

�

p 0ee) <  3x10   -12

J=0: Br(K L

�

p 0mm) ~ 5.2x10   -12

?
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Br(K L

�

p 0ee)  SM = 5x10   -12

Br(K L

�

p 0mm)  SM = 1x10   -12



Beam line in 2002Beam line in 2002
1012 ppp --  K S , X0, L 0  beam line 
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Production rate K S / X0  ~  40/1



Muon system:Muon system:
s(t) s(t) ~~ 350 ps 350 ps

sM(p0p0) ~ 2.5 MeV

sM(p+p-) ~ 2.5 MeV

Spectrometer :
pT kick ~250  MeV/c

ss (P)/P (P)/P @@ 0.48%  0.48% ÅÅ  0.009 P[GeV/c]% 0.009 P[GeV/c]%

LKr Calor imeter :
ss (E)/E (E)/E @@ 3.2%/ E � 3.2%/ E � ÅÅ  9%/E  9%/E ÅÅ  0.42% 0.42%
ss (t) (t) ~~ 265 ps for  50 GeV e- 265 ps for  50 GeV e-

NA48  Detector NA48  Detector 
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  KKss  ®®   pp0 0 ll ++ll -     -         Analysis strategyAnalysis strategy 

BR(KS           p 0 l + l - ) ~ 10 - 9 Prediction:

 2002 run: ~4 x 1010   KS  decays 

Only a few events 
expected

 Procedure:   “  Bl ind analysis ”
 Signal  region:     2.5 smK  

� 2.5 smp0 
   

 Control  region:   6.0 smK  

� 6.0 smp0 

 Backgrounds study:
 Data
 M C simulation

 Unmask control  and signal  regions

M asked

Fix cuts



First observation ofFirst observation of KKSSp p 0 0 l l ++l l ––

BR(K S ® p 0 e+e- )   =  
2.8 9
2.3(5.8 0.8 ) x 10syststat

+ -
- ï¾±

[PLB576 (2003)]
M

K
(G

eV
)

Mgg(GeV)

7 signal
 events

Mmmp(GeV)
M

gg
(G

eV
)

6 signal
 events

BR(K S ® p 0 m +m - ) =
1.4 9
1.2(2.9 0.2 ) x 10syststat

+ -
- ï¾±

KS

�

p0e+e- K S

�

p0m+m-

CERN-PH-EP/2004-025

12Cambridge &  Nor thwestern  theses



Total  bckg events 
in signal  region:

      

KK ss  ®®   pp00ee++ee-    -      Backgrounds  Backgrounds

Physical :  g  conversions  (mee> 0.165 GeV/c2)
                  KL           eegg  (i rreducible)
                  X 0  decays (momentum asymmetry cut)

Accidental :  Study of  out of  time events

< 0.01 (KS               pD  pD  ) 
   0.08
   negl igible

0 0 

0.07

Signal  region

0.10
0.040.15+

-



KK ss  ®®   pp00m m ++m m -  -   Backgrounds Backgrounds

Total  bckg events 
in signal  region:

      

Physical :  KL          p + p -  p 0  (cut on KS  ct  )
                  KL          m + m -  g g  (i rreducible)
                  X 0  decays (M omentume asymmetry cut)

Accidental : Study of  out of  time events

negl igible
   0.04   
negl igible

0.18

Signal  region

0.19
0.120.22+

-



Implications for KImplications for KL L 

�

�
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BR(KL ® p 0 l + l -  )CPV × 1012 = 

Constructive Destructive
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BR( KL ®  p0 e+ e-  )CPV × 1012 = 17indi rect ± 9interference + 5di rect 

BR( KL ®  p0 m+ m-  )CPV × 1012 = 9indi rect ± 3interference + 1di rect 



So can we look  for NP inSo can we look  for NP in  KKLL   �  � p p 00ll++ll -- ??

Direct 
CPV 

Indirect CPVCPC

?
OK!OK! OK!OK!

Now we check for Now we check for 
NP in the EW NP in the EW 
PenguinsPenguins
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a

bg

h

r (1.4,0)(1.0,0)

(r ,h)
KL          p 0n n 

KL          p 0 l + l -  
KS          p 0 l + l -  

KL          p 0 g g

KL          m +m -  
KL          g g , KL           e+ e-  g 

KL          e+ e-  e+ e-  , e+ e-  m + m -  

K+
        p +n n 

 Indi rect CPV part:     
              BR(KS         p 0 l + l - ) 

 CPC part:     
              BR(KL        p 0 g g) 

These results will allow us to get These results will allow us to get hh once the K once the KLL  

measurements become availablemeasurements become available

 Knowledge of   KL             g *g * vertex

 BR(KL         e+ e-  e+ e- ) 
 BR(K L® p0 e+ e-)SM  x 1011

 = (3.1 or 1.3) ±1.0

BR(K L® p0 m+ m-)SM  x 1011
 = (1.8 or 1.2) ±0.3



Ready for next generation of  searches Ready for next generation of  searches 
of Kof KLLp p 00l l ++l l - -     

I nterf  (-)

I nterf  (+)

BR(K L  � p0 ee ) 
< 2.8 × 10-10 @ 90%CL

BR(K L  � p0 mm) 
< 3.8 × 10-10 @90%CL

2 event (0.87 expected 
background)

1 event (1 expected 
background)

KTeV results
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a

bg

h

r (1.4,0)(1.0,0)

(r ,h)
KL          p 0n n 

KL          p 0 l + l -  
KS          p 0 l + l -  

KL          p 0 g g

KL          m +m -  
KL          g g , KL           e+ e-  g 

KL          e+ e-  e+ e-  , e+ e-  m + m -  

K+
        p +n n 

 Indi rect CPV part:     
              BR(KS         p 0 l + l - ) 

 CPC part:     
              BR(KL        p 0 g g) 

Radiative decays will allow us to get Radiative decays will allow us to get rr

 Knowledge of   KL             g *g * vertex

 BR(KL         e+ e-  e+ e- ) 
 



“ old data”  K“ old data”  KL L 

�

�

  ee++ee- - g g   &&   �   � KKLL

�

�

  ee
++ee-- ee++ee-  -  



Summary for KSummary for KLL radiative decays radiative decays



CKM Precision Measurements...CKM Precision Measurements...

V ud V us V ub

V cd V cs V cb

V td V ts V tb

�

1 � � 2 �

2 � A� 3 � � i�

� � 1 � � 2 �

2 A� 2

A� 3 1  � ! i� " A� 2 1

� # 0 . 2

A� 2

$ 0 . 04

A� 3 %

� 2 &

� 2 '

( 0 . 004 V ts

)

V td

* � t

+ A2 � 5 ,

1 - � . � �

/

I f V*
tdVts is complex  CP is violated.. 

In shor thand:

3X3 a complex phase possible 
Without giving up Unitar ity

22Future

Today



CKM matrix – Unitary Problem?CKM matrix – Unitary Problem?

• Unitar ity of CKM matr ix requires:Unitar ity of CKM matr ix requires:
                        |V                        |Vudud||2 2 +|V+|Vusus||22+ |V+ |Vubub||22  = 1  = 1

3.3.PDG 2004 data:PDG 2004 data:
   |V   |Vudud| = 0.9738 ± 0.0005   - | = 0.9738 ± 0.0005   - Neutron Neutron bb-decay-decay

   |V   |Vubub| = (3.67 ± 0.47).10| = (3.67 ± 0.47).10-3  -3  - ( |V- ( |Vubub||22   10�   10� -5-5  negligiblenegligible))

6.6.SM prediction SM prediction 
   |V   |Vusus| = 0.2274 ± 0.0021| = 0.2274 ± 0.0021

8.8.Exper imental value (begining 2003)Exper imental value (begining 2003)
   |V   |Vusus| = 0.2200 ± 0.0026 | = 0.2200 ± 0.0026 

    

  D   D |V|Vusus||  = 0.0074 ± 0.0033    ~2.2  = 0.0074 ± 0.0033    ~2.2  ss  discrepancy discrepancy

 1 % Measurement needed 1 % Measurement needed 

 (limited by theory)(limited by theory)
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NA48  |VNA48  |Vusus|  Measurements|  Measurements

 From  From XX00 S  S ±± e   e  nn
 From K From K ±±     p p00  ee±± n n
 From K From K LL   pp±±  e   e   nn±±

±±



|V|Vusus| from | from X X 00 S S  ± ± e  e  nn±±



Normalization channel Normalization channel XX00LL 00pp00     



Event sample for  Event sample for  X X 0 0  S  S ± ± e e  n n ±±



Data/MC   Data/MC   X X 00 S  S ± ± e e  n n ±±



Results for Br( Results for Br( X X 00 S S  ± ± e  e  n)      n)      ±±

Mainz, Perugia &  Tor ino  theses



Results for |VResults for |Vusus| from | from X X 00SS  ± ± e  e  nn ±±



Beam line in 2003-4Beam line in 2003-4
K±

 beam line
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Event sample for  K Event sample for  K ±±    p p 0 0 ee±±  nn



 Without radiative Without radiative 
correctionscorrections              

Data/MC Data/MC

With  With  
correctionscorrections   

        
33

Data/MC for  K Data/MC for  K ±±    p p 0 0 ee±±  nn



Extra care most be taken with radiative Extra care most be taken with radiative 
cor rections before extracting Vcorrections before extracting VUSUS 
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Results for Br ( KResults for Br ( K±±  p p 0 0 ee±±  n n ))      

Northwestern  thesis



Corrections for radiative events of 0.9944

Results for |VResults for |Vusus| from K| from K±±  p p 0 0 ee±±  nn



Last set… based on older dataLast set… based on older data



1999 data – K1999 data – K00  Measurement  Measurement



Event sample for  KEvent sample for  K00    pp  eenn



Results for Br ( KResults for Br ( K00  p p een)n)±±



Results for |VResults for |Vusus| from K| from K00    pp e enn



Available 
in  the near 

future

New Determinations of Vus

CKM unitarity ‘crisis’  has disappeared

V
us

 x
 f

+
(0

)

g

PDG02

Conference Summary ICHEP 2004, Beijing -- John Ellis
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Summary on NA48 VSummary on NA48 Vusus  

measurementsmeasurements
• Uncer tainties dominated by theory… f+(0) or  g1/f1:

• Should check Br  ratios &  form factors to close this 
chapter  from the exper imental side.



Next...Next...Look for  other  Look for  other  

manifestations of manifestations of 

Direct CP-violationDirect CP-violation

20032003  K+/ -K+/ -   run:run:    ~ 50 days~ 50 days
  

20042004  K+/ -K+/ -   run:  ~ 60 daysrun:  ~ 60 days



High precision study of charged Kaon High precision study of charged Kaon 
decays as the probes for :decays as the probes for :

h Qualitative tests of the SM 
&  search for  new physics 

Þ  direct CP violation  

i Direct CP violation     in  K ± ®  p± p+ p - ,   K ± ®  p± p0 p0

                        M(u)µ  1 + g×u ,   u= (2mK/mp
2) (mK/3 – E*p-

odd)

                               s(Ag) < 2×10 – 4   (limited by statistics)
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experiments up to 2002



             8~ 200~ 4 050Total
             51302150 2004

3    501 3002003 (II)

non-stable 
conditions

~20~ 600 2003 (I)

(complete 
cycles)

K±®  p0 p0 

p± 

K±®  p- p+ 

p± 
run

# of Super-
Samples 

recorded events, 10 6

KK±±  :  Size of Data Sample:  Size of Data Sample
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Conclusions (I )Conclusions (I )

ø Healthy NA48 Post 

ù

 Re(e’ /e) Era

ú Solid signals for  K S

û

p 0 e +e – , K S

ü

p 0 m+m  ––

ý Ready for  theReady for  the  KL

þ

p 0 l+l– measurements

ÿ Significant improvement on other  rare decays needed Significant improvement on other  rare decays needed 
to determine to determine r , hr , h  or  or  g, bg, b    in the kaon systemin the kaon system

� New generation of New generation of VVusus measurements from K measurements from K ++, K, K LL  and  and 

XX00 semileptonic decays semileptonic decays

�

Cr isis gone…!?Cr isis gone…!?

�

Still to do… Br , form factors, radiative decays  (Minimum bias Still to do… Br , form factors, radiative decays  (Minimum bias 
data taken in 2004 for  this purpose:  40X larger 2003 data data taken in 2004 for  this purpose:  40X larger 2003 data 
sample).sample).



Conclusions (I I )Conclusions (I I )

� Next 

�

 Near future

� New generation of searches for  Direct CP violation 

�

 K+ K- asymmetry (NA48/2) 

� Finalize rare decays analysis for  KK ++,  K,  K LL   &     &   XX00    

decays (decays (NA48, NA48/1, NA48/2)

� Next 

	

 Not so far future 


 NA48/3    K+  � p+ n n           

�

  First 2009

� NA48/4    KL  � p0 ee (mm)   


 NA48/5    KL  � p0 n n


