-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by CERN Document Server

R ecent results from the N A 48 experim ent at CERN :
CP violation and CKM param eter V5]
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A bstract. Several recent results from the NA 48 experin ent are presented: a m easurem ent
j+ Jysearch for CP violating phenomena in K ! 3 decays,and a m easurem ent of ¥y 3.

1. Introduction
The NA 48 series of experin ents represents the longterm CERN program in experin ental
kaon physics. During the 10 years of operation since 1997, several physics program s were
accom plished. The experim ental setup has been upgraded in the course of operation; its
principal com ponents are a kaon beam line and a vacuum decay volum e follow ed by a m agnetic
spectrom eter consisting of four drift cham bers, a trigger scintillator hodoscope, a liquid krypton
electrom agnetic calorin eter, and a m uon detector [1].

T he present paper contains a num ber recent precise m easurem ents based on various data

sets: 1) m easuram ent of the indirect CP viclation parameter j, jwith K¢ ! % decays;
2) m easurem ent of the direct CP violating D alitz plot slope asymm etrdes A5 In K '3
and K ! 0 0 decays; 3) m easurem ent of the CKM m atrix elem ent ¥/,sjbased on partial
w dths of the sam ileptonic K ! %1 decays.

2. M easurem ent of the indirect CP violation param eter j . J
T he interest in the m easuram ent of the parameter §, j= A (K, ! + A Kg ! * )
stem s, In particular, from the fact that precision m easurem entsofthisvalleby K TeV and KLO E
experin ents published in 2004 and 2006, respectively, w ere disagreem ent w ith the previousworld
average by 5% , or m ore the four standard deviations.

The NA 48 m easurem ent if j, j[2]is based on the data taken during 2 days of dedicated
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running in 1999. The directly m easured quantity is the ratio of the decay ratesR = (K !
* = K ! e ); these decays are characterized by sin ihr signatures involving two
reconstructed tracks of charged particles. Then j, Jjis com puted as
S s
. . ST BREry ! * ) ks
Jj+ J= = : (1)
Ks! * ) BREKg ! * ) ki

In this approach theK and K g lifetines x;, and k s,and the branching fractions BR (K, !
e J)and BR K g ! * ) are external inputs taken from the best single m easurem ents.
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The data sam ple contains about 80 10 2+rack triggers. Event selection is rather sin ilar
fortheK, ! ° and K ! e modes. A crucialdi erence is electron vspion identi cation
based on the ratio of energy deposition in the electrom agnetic calorim eter to track m om entum
m easured by the spectrom eter. Identi cation e ciency wasm easured and corrected for.

Sam plesof4’7 16 K L ! * and 50 10K . ! e candidateswere selected, w ith about
0:5% background contam ination in each. A cceptance corrections and background subtraction
were perform ed by M onte Carlo sinulation. Trigger e ciencies were m easured directly w ith
the data and corrected for. T he m ost relevant system atic uncertainties com e from precision of
sim ulation of kaon energy gpectrum , precision of radiative corrections, and precision of trigger
e clency m easurem ent. The nalresult is

K, ! * )= Ko ! e)= (4835 0:022%ue 0D01Gys.) 10 °: (2)

This leads, subtracting the K 1, ! * direct am ission contribution, but retaining the inner
brem sstrah lung contribution, to

BR(K.; ! * )= (12941 0019) 10°: (3)
Finally, the CP violating param eter is com puted according to () to be
j, j= (2223 0012) 10°: (4)

The result n In agreeam ent with the recent KLOE and KT&V measuram ents, while in
contradiction to the world average as of 2004.

3. M easurem ent of the direct CP violation param eter A 4 in K ! 3 decays

The K ! * and K ! 0 0 decays are am ong the m ost prom isihg processes in
kaon physics for a search for CP violating phenom ena. TheK ! 3 m atrix elem ent squared
is conventionally param eterized by a polynom ial expansion

M (u;v)j2 1+ gu+ hi + kv2; (5)

where g, h, k are the so called linear and quadratic D alitz plot slope param eters (hj k3  ©J),
and the two Lorentz invariant kinem atic variables u and v are de ned as

S3 o) Sy 3 ) S1t s2t+ 83
v ;7 si= (Px P)?; i= 1;2;3; so= f‘

— (6)

Herem isthe charged pion m ass, Px and P; are the kaon and pion fourmm om enta, the indices
i= 1,2 correspond to the two pions of the sam e electrical charge, and the index i= 3 to the
pion of di erent charge. A non-—zero di erence g between the slope param eters § and g
describing the decays of K ¥ and K, respectively, is a m anifestation of direct CP violation
expressed by the corresponding slope asym m etry

+

Ag= (" g)>=@ +9) g=(29): (7)
T he above slope asym m etry is expected to be strongly enhanced w ith respect to the asym m etry
of integrated decay rates. A recent full next-to-Jleading order ChPT com putation [3]predictsA 4
to be of the order of 10 ° w ithin the SM . C alculations involving processes beyond the SM  [4,[5]
allow a wider range of A 4, Including substantial enhancem ents up to a few 10 4,

A m easurem entof thequantity A 4 was perform ed w ith a record data sam ple collected In 2003{
04 with sinultaneousK * and K beam s [@]. Them easuram ent m ethod exploits cancellations



ofm ajr system atic e ects due to sim ultaneous beam s and regular inversions of m agnetic elds

In the beam line and setup. The sam ples of events selected are 3:11 10 K ! *
candidates, and 9:13 10 K ! 0 0 candidates, practically background—free.
The CP viclating charge asym m etries of the linear slope param eter of the D alitz plot of the
K ! * and K ! 0 0 decays were found to be
AS = (15 150 1fyst:) 10° = ( 15 22) 10%; @)
AL = (18 1 Late OByse:) 107 = (18 1:8) 10%:

T he archived precision is m ore than an order of m agnitude better that those of the previous
m easurem ents. T he resultsdo not show evidences for large enhancem entsdue to non-SM physics,
and can be usad to constrain extensions of the SM predicting large CP violating e ects.

4. M easurem ent of the CKM param eter ¥V sjw ith the K ! 01 decays

Precise m easuram ents of the CKM m atrix param eter V,sJjare of interest for tests of CKM

unitarity. The K ; decay rates, including the Intemal brem ssrahlung process, is given by [/]
Ggm >

Ky = WiSEW Vs F £, 0O)FIk 1+ & ); 9)

where £, (0) isa form factoratq2 = 0,Sgw = 1:0232 isa short distance electrow eak correction,
Ix is the phase space ntegraldepending on form factors, (1 + k ) isa long-distance correction.

T he analysis is based on a m easurem ent of the ratios BR (K ! %¢ )»=BREK ! 9)
andBR(K ! ° )=BR (K ! 0) using the data collected during 3 days of a dedicated
run in 2003 [8]. The data sam ples are 87 10 K o3 candidates with 0.02% background, and
77 10 K 3 candidates w ith 02% background. T he follow ing partial w dths are m easured :

BR (K &3) 0:05168 0:0001%tat: 0:00008yst: 0:0003Q,0rm :5
BR(K 3) = 003425 0:00013a¢: 000006yt 0:0002Q,0rm ::

(10)

H ere the Jast (dom inating and correlated ) uncertainties are due to precision of the external input
BR (K5 ). The ollow ing values of ¥,s¥+ (0) were com puted from K o3 and K 3 decays:

VusE+ (0) = 0:22193 0:0012; [Kesl
VusE+ (0) = 02177 0:0013: [K 3]

H ere the dom inating contribution to the uncertainty com es from the long-distance corrections.
Com bining these results assum ing e universality and using £, (0) = 0961  0:008 |[[/], it is
obtained:

(11)

Yusi= 02277  0:0013  0:001%cop:; (12)

w here the second and Jargest uncertainty owes to the precision of £, (0) com putation. T he above
m easurem ent is found to be consistent w ith unitarity of the CKM m ixing m atrix 8.

C onclusions
A num ber of recent kaon m easurem ents by the NA 48 collaboration at CERN were presented.
T he achieved precisions are sin ilar to or better than the best previous ones.
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