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The NA48 Detector

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3
Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1

Kevlar window

AN

Magnetic Spectrometer

4 drift chambers
(%) = 0.48 © 0.009 p (GeV/c)

Dipole magnet with 265(120) MeV/c
pr Kick

Hodoscope
Fast trigger

Precise time measurement
Ot =~ 150 pS

Liquid Krypton EM Calorimeter
(%) = 2= & % ©0.42 (GeV)

Muon Counter
25¢em x 25em cells
O ~ 350 PS
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‘ |Vu3| and Kgg

K3 decays = the most accurate and theoretically cleanest way to extract \Vus|
The master formula for the K3 decay rates:

y4 ~ e
c2,=1 Calculated f.f. @ t=0 Opy =0 fo(r)K
Cé{ ° —1/2 Short Distance 2md order SU(3) larger for K

K — :
Corrections

\ \ '] 6§U(2) =0 for K© \

C% G%m5
BR;fm) i K1921;-3 - SEW|Vu8|2|f+(0)|21§{()‘+0)(1 T 5gU(2) + 5%}]\4)

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

Experiments supply BR, 7 and Form Factor measurements
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BR(K ;) and BR(K ;)

K* collected during 2003 data taking  [l\laz:: nerime
(Main purpose search for direct CP violation in K* — 37 decays)

Special low intensity (x1/8) minimum bias run

Simultaneous Kt and K~ beams
KT flux ~ 3.2 x 10° ; KT /K~ ~ 1.78 (production rate @target)

Momentum Selection

P =60+3 GeV/c

. Beam Simultaneous K+ K- beams
Focusing Spectrometer _ _
1L Sweeping Cleaning coincide within Imm
all along 114 m decay volume

TAX 17,18 Final Maanet 222 2
i S agne S =
collimator § DCH 1 9*‘ pCHA& = T =
Protecting N D
- i collimator Cleaning §
N collimator  § §
KABES 1 N Decay volume
1 KABES 3 =
= 1 il
TN ] 7,’7‘ E—
Target | |\ira ' | g z
5 '+ focused beams : z
W\ ) [ g
"N/ /KABES 2 E 3
\ \ U S >
K \ / B g
n
DFD 2nd - 10cm
FRONT-END ACHROMAT ) 2irnole ACHROMAT Vacuum He tank +
1cmr Quadruplet . . ltank Spectrometer
0 50 100" 200 250 m
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BR(K ;) and BR(K ;)

We measured the ratios of these decay rates:

R (KT —xlet) R (KTt R (KT 5a%uty)
K3e/K2m — T(KE—on*q0) Ku3/K2r — T(KEontq0) Kp3/Ke3 — T(KE onletv)

Same event signature in the ratio: 1 charged track and 2 v from a =¥ decay
L Cancellation of uncertainties
E/p > 0.95 e id

E/p < 0.95 7 id
Hit in time in MUC 1 id

Selected Events

K5 K K3 K K. K,
56196 30898 49364 27525 461837 256619

Background < 1%
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BR(K ;) and BR(K ;)

Ries/kan = 0.2496 + 0.0009,4¢ % 0.0004, o ; #
RKU3/K27T e 01637 + 0-0006stat + 0.00038y8t 33025 i (% ®
RK,u?)/KeS = 0.656 £ 0.0035¢4¢ £ 0.001 5,4 0,245 |- "  NAB KK
Systematics 024
e Detector Acceptance v
Account for Radiative Corrections
[ Trigger EfﬁCiency Og K* K~ NA48 K* /K™
= 0.165 -
e Form Factors 2 A
Input values and Model =
0.16
Taking BR(K5,) from PDG we evaluate: 0.155

BR(KZ) = 0.05221 = 0.00019,14¢ % 0.00008 ¢ = 00003007
BR(K 1) = 0.03425 % 0.000134¢ % 0.0006y1 % 0.00020;107m,
Error dominated by BR( K5, ) uncertainty
BNL-EB865 result is confirmed
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Results for [, (0) |V,s| from K 2::), and K /jf?)

With the BR(K5) and BR(K ;) we can derive £ (0) |Vis|

£(0) [Vys| = 0.220440.0012 K3
f+(0) [Vus| = 0.217740.0013 K
£f(0) [Vas] = 0219740.0012 K
S 0224F
= 02230 Eges Ko K,
Z% 0.2225—
0.221 ‘
0.22 T
0.219 L |
0.218
0.217 Unitarity + Leutwyler—Roos%
0216 | | | |

In good agreement with CKM unitarity

Michele Veltri

CKM2006

External Input Used

M+ and 74+ from PDG
Gr= (1.16637 &+ 0.00001)

x10~°% GeV—2
Sepw =  (1.0230 + 0.0003)
SGE, = (2.3140.22)%

8¢y = (0.0340.10)%

gk = (0.20 + 0.20)%
I& = 0.1591 +0.0012
I = 0.1066 + 0.0008
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BR(K; — 77 )

e K collected during 1999 € /e data taking  [i\laech=olcidlul:

e Special minimum bias run, K; beam only

x10°
4000—
We measured the following ratio: ol —
2000|— pions
_ o / \
OM L Lo
0 0.2 0.4 0.6 0.8 1 1.2
E/p: energy deposited in Lkr / track momentum
Event Selection Tt Ke3 10
0’ E
2tracks + E/p<0.93 E/p>0.93 CE isiD
10 = electrons
good vertex no u wsﬂhn,w
10k i
Mar S . .
Selected events 47k 5x10° b
0 oz 0.4 06 08 1 12

Ke3 events: E/p of electron and pion track )

Determine from data W (rm — e) = (0.592 4+ 0.0065;4;) % and
Wi(e — m) = (0.478 & 0.00451a¢) %
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BR(K; —» 77 )

PDG 2004
537+0.10 +—°*—

N Corrections (%)
Backgroundin Ko,  -0.49
NA48

4 4,835+ 0.027 M cut +0.48

4.8 5 5.2 5.4 E/p cut +1.34

I'K, /TK,[10°]

Trigger Efficiencies -1.29

Using updated NA48 measurement
BR(K,3) = 0.4022 + 0031

Total Correction +0.04

5000 20035 —
. — e ﬁr%vfo(.)(?fz (incl. 1B, DE negligible)
In agreement with KTeV and KLOE )
and contradicting former PDG aver- . (nl. 18, no 0
ag eS ?l&?i 0.019 (incl. IB and adding DE)
1.9 . . . . é . . . . 211 . . . . 2:2 .

BR(K, — n*7) [10™]
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http://xxx.lanl.gov/pdf/hep-ex/0611052

‘ K )3 Form Factors: Physics Motivations

It (f+(t), fo(t)) is needed for the extraction of | V|

Two form factors, f4(t), describe the K3 decay
M= Gr/V2 Vus [f+(t) (P + Pr)" @y (14 v5)uw + f- (t) matig(1 4 v5)us]

t is the square of the four—momentum transfer to the lepton system
f- = m% {Mfi Can be measured only in K3 decays
fo(t) is a combination of the two:

5

folt) = f+(t) £ Tz —mzy /(1)

f+0(t) are the vector and scalar form factor and are related to the angular
momentum of the lepton pair
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K 23 Form Factors Parametrizations

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

)2] QUADRATIC

In the pole model the f.f. acquire a physical meaning: they are related to the
exchange of K* resonaces with spin—parity 1~/0T and mass my/mg

Experiments measure the normalized f.f.: f(t) = f, o(t)/f+(0)
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‘ New Parametrizations of the i), Form Factors

Recently new parametrizations of the K23 Form Factors have been proposed
[Phys. Lett. B 638(2006) 480] (hep—ph/0603202)

fo(t) = exp| (Mg + HE)|  folt) = exp| ormzy I C — G (1))

e Based on dispersion techniques
e Describe simultaneously the slope and the curvature of the f.f.

e For the dispersive integrals H(t) and G(t) accurate polynomial approximations
have been derived

e Key parameter is In C' = In[fy(m?% — m?2)] the value of the scalar f.f. at the
Callan—Treiman point

e The value of In C can provide a test of Right Handed quark Currents coupled
to the standard W boson

InC = 0.2151 & 0.0045 + Acr + Ale)

A(e) is the RHC contribution and Acr ~ 10~3 is the Callan—Treiman discrepancy
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K1 — m*utv,; Form Factors Analysis

* K, collected during 1999 € /e data taking  [\laech=ol-dlul:
® Special minimum bias run, K; beam only

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

) dN*(E;,E;
p(Ey, By) = “patim® o Af2(t) + Bfy () f-(t) + Cf2 (1)

Event Selection

1 id. (Hit in time in MUC)

wid. (F/p < 0.9)

no e (against K¢3)

no Kz, (Py2 < —0.004 (GeV/c)2)
Radiative Corrections with KL.OR

use the LOW energy solution (true 61%)

Selected 2.3 x 106 events
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‘ K1 — m* utv,; Form Factors Preliminary Results

, . Quadratic Ay (x1073)
Hinear (x1077) ’ 16.842.34+2.4

Ap = 26.1+0.640.8 .
4.0+1.0+1.0
Xo= 9.141.140.8

N, =
Xo= 12.640.741.0
x2/ndf=  405.0/406
x2/ndf =  388.4/405

Pole (MeV/c?) Dispersive (x1073)
my = 915+£104+17 Ay = 22.740.6+0.8
mg = 1348+43+53 In C= 153.3+8.4+11.0
x?/ndf = 395.3/406 x2/ndf = 394.1/406

Like other exp. we observe a quadratic term in the expansion of f (¢)
Ao is smaller than what recently reported

According to the model of Stern and Coll. the value of In C from the
dispersive fit gives: A(e) + Act = —0.062 4 0.014 5 443 + 0.0025,00 & 0.005, 44
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‘ =Y BR and Lifetime

o Z° collected during 2002 data taking  [auis/anodel-ldinl:

e Purpose: Measurement of very rare Ks decays and neutral hyperon decays
e Neutral beam with target close to the decay region

e Same K target from e'/e measurement but 200x intensity

=0 | A lifetime ~ K¢ lifetime

=» Kaon experiments can provide large samples of neutral hyperons

KS target

Flux in the decay region

Proton beam

—

Ks ~3.5x10%°

Decay region

~126m ~114m

A
Y
A

-
L
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‘ =' Beta Decay

=0 (uss): strange partner of the n(uud) N S
o Under interchange of d and s quark the B \s .
=0 _ ¥+ ¢~ 1, decay is analog to neu- I
tron 5—decay )
Test of SU(3) simmetry ) v,V
_ n o \u
e In exact SU(3) the ratio between g,/ f1 T

is equal to the neutron S—decay N
p

Possible measurement of |V, ;| complementary to the one obtained with K decays

‘BR': —>er ~v >
= Z522=2e o G2V, 222 (1 — 36)(| /2] + 3|g3))

T=0

Am =mgo — my+ = 0.12546 £ 0.00021 GeV/c? and § = 2™ = 0.09542 £ 0.00011

—
fum

So far only one BR measurement by KTeV with 176 events
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=" Beta Decay: Event Selection

YT is a unigue signature of =Z° S—decay

Two body mode forbidden by energy
conservation

Reconstruct the T by its decay to p 7°

Require the presence of an electron

3000 - " 5 va
: pm’
NA48/1 has 6316 candidates in cignat v  Data

-Monte Carlo

[q\]
S
>
QO
=
QN 2500 |-
2
=
O
>
o

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

mass side bands

&

=]

Q
T

Use =Y — A7°% as normalization channel
(59K events)

1k |

=~ = N .-Lt-l_—.- I I —— |

112 114 116 118 12 122 124 126
pn? invariant mass ~ GeV/c?

0
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BRE'— YfTe 1)

The NA48/1 result is: (CERN-PH-EP/2006-032)
BR(Z? — X te 7,.) = (2.51 & 0.03544¢ & 0.09,,¢) x 1074

Systematics

Apply charge inversion to get =0 Trigger efficiency ~ +2.2%
o == Form factors +1.6%
L2 X eV
z w0 555 vents e Acceptance +1.0%
o ' [ in signal region
%,50' S =0 polarization +1.0%
= 125 = L e . Normalization +1.0%

100 \pe v Others (bkg, 7=0) +1.0%
75

ol J[ Total +3.4%
% _ “ ++ H# +H‘ {'}ijq'}JerJ”rJr JrJerJ”fl’rJfHJr{h

0 LA A/ I

112 1.14 1.16 1.18 1.2 122 124 1.26
pn? invariant mass GeV/c?

Measured also: BR(Z9 — Y+etv,) (555 events)

BR(Z0 — Xtetv,) = (2.55 £ 0.1444q¢ £ 0.104y5¢) x 104
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‘ V,s|from =¥ Beta Decay

Use =° lifetime from PDGO06 and the combined result of Z° and &
branching ratios to evaluate the decay rate:

T'(E° - YT e ) = (8.66 + 0.3104p + 0.270 ) x 103571

lifetime

With KTeV form factors and neglecting SU(3) breaking for f; we obtain

+0.022
‘VUS| = 0.209 = 0'005611117—0.028 form factors

Good agreement with |V, ;| from K decay but large uncertainty from form factors

Use |V, s| from Kaon decay to determine g / f1 instead

gl/fl =1.20 £ 0-04BR + 0.03633,5

=» To be compared with g,/ f; = 1.267 of neutron decay
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‘ Summary

New results relevant for |V, | from the NA48 experiment:

BR(K* — n%*v) = 0.05221 £ 0.000194¢ = 0.000084,s¢ £ 0.00030,0rm
BR(K* — 7%u%v) = 0.03425 4= 0.00013544¢ £ 0.0006,5¢ 3= 0.00020,,071m
PRELIMINARY K — n*u¥v, Form Factors

BR(Z? —» Y Te 7,.) = (2.51 £ 0.03,44¢ & 0.095,5¢) x 1074

And others not shown:
=0 Lifetime T=0 = (3.082 £ 0.013 £ 0.012) x 1071 s
About 20 above PDG2004 average and 5 times more precise PRELIMINARY

Using the new lifetime value:

+0.022
|VU8| = 0.203 = 0‘00465010—0.027 form factors

Semi—-muonic =° decay (from 99 events) PRELIMINARY
BR(E® - Ztu7,) = (2.2 £ 0.3501 £ 0.255) X 1076
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