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Outline

The NA48 and KTeV detectors
=Y beta decays

s =Y — Yev branching ratio, V,,, extraction, g;(0)/f1(0)

(NA48 2005, prelim.)

s =Y — Yuv branching ratio (NA48 2005 prelim., KTeV

Phys.Rev.Lett.95-2005)

Decay asymmetry measurements:

s =0 — A7 (NA48 NEW, prelim.)
s =V — A~y (NA48 NEW, prelim.)
s =V — 3~ (NA48 NEW, prelim.)

= lifetime (NA48 NEW, prelim.)
Conclusions

-
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The NA48 detector

f CHARGED PARTICLESS:

magn. spectrometer and scintillator
hodoscope (pkic* ~ 265 MeV/c)

M to sytem o
R (p) ~ 0.5% @ 0.009% p (GeV/c)
o qsco e h’Lt
o ~ 90 pum
Helium tank 'UtZE N
Drift chamber 3 0-3’,‘ Y 2 mm
Magnet
Drift chamber 2 O-t 2 200 pS
nti counter 6

NEUTRAL PARTICLES:

_ Quasi homogeneous Liquid Krypton

e alectromagnetic  calorimeter (LKr)

J(EE)_B\/T—% D 0.10 10 D 0.5% (E in GeV)

Om o =1 MeV/c

Opy < L.3mm

-

L o; < 300 ps above 20 GeV J
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TheNA48 K and hyperon beams

f400 GeV /c secondary proton beam from the SPS T10 T
target, production angle of -4.2 mrad = polarized =°

Proton beam I !
' |
' |
S |

~114m

KS target

Detector

~126m

y

-

-

70GeV < F=o < 214GeV, dm < z=o < 50m.
Nzo = (2.422 £ 0.003(54¢.) £ 0.01855)) % 10
Nzo = (2.254 £ 0.012(45¢y & 0.017(55r)) x 10° |

_

Recent results in hyperon physics from NA48 and KTeV experiments — p.4/34



MUON FILTERS

LEAD WALL
Csl CRYSTAL CALORIMETER

HODOSCOPESj
DRIFT CHAMBER 4 =\

DRIFT CHAMBER 3

MAGNET

DRIFT CHAMBER 2

DRIFT CHAMBER 1

DECAY REGION

The KTeV experiment

RING VETOS

MUON COUNTERS

BACK-ANTI
BEAMLINETRD

HADRON-ANTI

SPECTROMETER ANTI

HELIUM BAG

o

KTeV E799

-

20MHz of
neutron/kaons/hyperons in a
150:50:1 ratio

Precision drift chamber
spectrometer

Csl electromagnetic
calorimeter:1 mm spatial
resolution, <1% energy
resolution

Optimised for =Y polarization
measurement, half of data taken
with each of the two vertical po-
larization states J
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NA48: =¥ — Y Te v decays
B -

) Reconstruct X+ — pr!
and require additional elec-
©) tron

1800

L
S 1600
Q

=) — ¥*I~v decays areonly ¢
source of X7 in the neutral  $ww
beam

800

6238 events in signal region

151 events background

600

6238 signal events, 2.4%
background

: 113 114 115 116 117 118 119 12 121 122
Invariant pm® mass | GeVvi/c? ]
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BR(Z" — Yte 1)
-

BR(Z" — XTe v)=(2.51 4 0.035z4¢ & 0.115,5;) x 10~* (prelim.)

Source 0syst/BR (%0)

Trigger efficiency +2.2
Detector acceptance | +3.0
=Y form factors g1, fo | £1.0

=Y polarisation +1.0
=Y lifetime 10.5
Total systematics +4.2

Statistical uncertainty | +1.2

BR=(2.71 £ 0.38) x 10~% KTeV published (176 events, 1999)
LBR:(2.54 +0.11 £ 0.16) x 10~* KTeV preliminary (625 events, 2000) J
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V.| from =° beta decays

+0.21

Using g1/ f1 = 1.327 77, . = 0.055y5 (KTeV 2000, 494
events), and following Garcia-Kielanowski prescription:

Vis| = 0.208 £ 0.006 505, . (preliminary)

(neutron decay + SU(3): g1/ f1 = 1.267 £ 0.035, not used
here)

— Agreement with SM expectation of |V,s| = 0.2274 + 0.0021

— Uncertainty dominated by experimental precision on
form factor ¢,/ f1

o |
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Extraction of ¢,/ f;

fgl(O) /f1(0) can be extracted from BR using V,,; = 0.2257 T
from kaon decays (Blucher and Marciano, 2005):

g1(0)/f1(0) = 1.20 = 0.04p,- = 0.03.,; (prelim.)

where external uncertainty includes contributions from V;,
lifetime, and f>/ fi

Agreement with exact SU(3) symmetry
Favours SU(3) breaking models that leave ¢,/ f; unchanged

o |
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NA48: =0 — Nt 1,

T

-

°/ndf 32.43 /) 34

no T Normalised to electron mode

N.events
R

Gaussian+Exponential fit

| Same trigger, similar selection
H but require one muon (+1%
| correction for ID-inefficiency
} % M of low momentum muons)

0 ﬂ* Mol da sl

0
1.16 1.18 1.22 1.24 126

p- T[0 invariant mass GeV/c

102 events with a background of (32 + 3.0):
BR(EY — T 7,) = (2.2 £ 0.35t0¢. + 0.25y5.) x 1079 (prelim.)

o |
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KTeV: =0 — St w7,
-

o

-2 . r—lo + —
L X0 Norm.: 1139 =¥ — X"e~ v events
% 0.4 C N§ L
r 350 |
S =
1
2 035[ 3
= i g 300
o i
03|
. 250 -
0.25 C
. 200 -
0.2 I
- 150 |-
0.15 i
01 } 100 B
0.05 . 50 [
C . I
oy oy @ ey Oi_rﬂ—‘_n-"!—!H""an"—-Ln\\\‘\\\‘\\\ —r
117 118 1.19 1.2 1.21 , 112 114 116 118 1.2 122 124 126
p ° Invariant Mass (GeVic?) p 1 Invariant Mass (GeV/c?)

9 events found:
N(ZE° - Stpu=v)/T(E° — SFTev) = (1.875 L(stat.) & 0.2(syst.)) x 1072
BR(E? — St~ v)=(4.7T7" (stat) + 0.8(syst)) x 1076

L(Phys.Rev.Lett. 95,2005) J
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NA48: =¥ — Arn' decay asymmetry
—

106
10° _- '_ — DATA

'  Accidental  Ys
o ATt MC
108

dN/dcosOy =
No(1 + azapcos©y)

i it i G
126 128 1.3 1.32 1.34 1.36 1.38

A\ Tt invariant mass (GeV/c"2)

azap (A1) = —0.282 4 0.0034¢ £ 0.028,5¢ (prelim.)
PDG: azap (Ar%) = —0.264 £ 0.013

o |
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NA48: =’ — A~ decay asymmetry
f GA/ . ; =0 Ay _‘

N )

dN/dcos®

dN/dcos® )y = No(1 — azapcosOy)

wigmET — DATA
- AT MC
Fake As EO% /\y
Accidental Ys
Ay MC -e® data

& flat AyMC
-® background x 10 , o

events/ 0.1
B3
s

2000

ﬂmﬁ
Hﬁ” H|IW

H«U i |

Ay invariant mass (GeV/c"2) 0 -1 -0.5 0 0.5 1
cos@

azap (Ay) = —0.439 & 001340 £ 0.0384,5 (prelim.)
NA48(1999): azay (Avy) = —0.50 £ 0.13 J
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NA48: = — Y~ decay asymmetry
f e N @z / ETZOV T

data/MC
N

d*N/dcosOzpdcosOs,, =

No(l + a=arcosO=rcosOs,, =
O( T aza =A 2p 1 o8 o Tos 1

’

No(1 + azapr) 008950050
—0 0
205 g o000 ==Y
F o e data i
2 = —> 2y - S5 MC S o data
510°F o A MC @ m flatZyMC
: B AyMC ‘g 1500 = background
z m accidentals :
102, 3 - .o
1000
10 ¢
L | 500
1.28 13 132 1.34 136
m.., /(GeV/c .
24 ) 04 -0.5 0 0.5 1

C0s0;,C0sO-

azap (Xy) = —0.438 £ 0.020444r = 0.0414y5 (prelim.)
KTeV: az(Xv) = —0.63 £ 0.09 = azap(Xy) = —0.40 £ 0.06 J
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=Y radiative decays: systematics

Source azap (A7) | azaa(Ay) | azaa(3)
Trigger efficiency +0.001 +0.016 +0.024
=0 polarisation +0.002 - -

Min radius DCH1 +0.010 +0.015 +0.010
Track-cluster min. dist. | +0.003 +0.007 +0.007
Min Z vertex 10.003 10.010 1+0.015
Min ~ energy +0.004 +0.008 +0.007
=Y energy +0.025 +0.025 +0.025
=Y mass +0.004 10.010 10.002
MC 7(Z°) +£0.003 +£0.001 +£0.007
MC mass(ZY) +0.002 +0.004 +0.003
A7 background - +0.001 -

Total systematics +0.028 +0.038 +0.041

|
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NA48: =Y |ifetime
—

Large sample of =¥ — A7Y with negligible background
lifetime is measured for =¥ decaying outside final collimator

> F | = 180F 1 fure =° L AT
9 4000§ * Data - 258134 events
*2 35005_ ’f* — Monte Carlo % 160: 133293 fitted
g 200 O 1401
2500 F > f
2000 F / %'{'& S 1200
1500 3 -
1000 - “ T 100¢
500 801
®0 80 100 120 140 160 180 20 T A A S
E.[GeV] 609 1 2 3 4 5 6
=’ lifetime / Top
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=V lifetime, cont.

-

Fit performed in 10 energy bins of 10 GeV, from 75 GeV to
175 GeV

Summing all energy bins: 20 [ :
13 ~ fits in energy bins x/ndf:1118/9
E 15 __ .............................................................................................................. __ ..............
1.2 & B
g : ‘
2 11f : | S
e g - L T | . L
Y —-'i'"_T ______ T T— — ,i._ ...........................
S 09F B !
(] Z L
D 08__ __ ..........................................................................................................................................
T E€— fitregions ——*» -
07"k e —L L 5'..|....|....|....|....|....|....|....|....|....|..
1 2 3 4 5 ™ 80 90 100 110 120 130 140 150 160 170

—0 . :
= lifetime [ t5p6] Eoenergy [GeV]

|
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=V lifetime, cont.

Source Osyst! T (%0)
Detector acceptance | +0.30
Vertex resolution +0.08
Energy scale +0.14
Energy non-linearities | +£0.09
=Y polarisation +0.15
=Y mass +0.20
A lifetime +0.04
Total systematics +0.43
Statistical uncertainty | +£0.44

|
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=V lifetime, cont.

TPDG — (29 + 009) X 10_108
PDG average

Jauneau, 1963 *
Hubbard, 1964 [
Pjerrou, 1965 °
Dauber, 1969 ¢
Mayeur, 1972 ¢
Baltay, 1974 ——
Zech, 1977 —
NA48/1, 2006 t

v oo by by b e by by oy by
26 2.8 3 3.2 3.4 36 3.8
=0 jifetime [10 " §]

7(2%) /Tpp = 1.0626 £ 0.0044 54 £ 0.0043 5,5

L 7(2%) = (3.082 £ 0.013444; & 0.0124,5;) x 10795 (prelim.)

|
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Conclusions

nyperon beta decays:
BR(Z? — X Te 1)=(2.51 £ 0.0344¢ £ 0.11,5) x 1074

Vius| = 0.208 +0.00670033 -, g1/ f1 = 1.20 £ 0.04p, + 0.03c0

K
K

9
9

BR(E" - Xtu 1, =

(2.2 £ 0.35¢a¢. £ 0.25y5¢.) X 107°

KTeV: BR(Z® — 2t u~v,) = (4.775 ) (stat.) + 0.84,4.) x 1076

Asymmetries in =¥ radiative decays

® azay(Ar0) = —0.282 4 0.003410; & 0.028,,.

® oazap(Ay) = —0.439 £ 0.01344; + 0.038,,4;
® ozap(Xy) = —0.438 + 0.02040; & 0.041,,
=0 lifetime:
7(20) = (3.082 % 0.01350¢ + 0.012,5;) X

.

1019

|
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Spares
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events / 0.16 Typg events / 0.16 T,q

events / 0.16 T,q

2500
2000
1500
1000

500

4500
4000
3500
3000
2500
2000
1500
1000

500

=V lifetime, cont.

75 GeV <E _,< 85 GeV

7840 events
5508 fitted

events /0.16
12}
o
s}

+ 85GeV <E

<95 GeV

18568 events
12643 fitted

400
) I“_ fit region 200 I‘._ fit region *
0 1 2 3 4 5 6 % 1 2 3 4 5 6
= lifetime [ Topgl =lifetime [ Topgl
F 4000 N
E 95 GeV < E _, < 105 GeV 23200 105 GeV < E _,< 115 GeV
F = [ E -
E 29598 events ; 3000 F 37008 events
E 18015 fitted = 2500 23273 fitted
3 2 2000F
E 2 1500 F
F c
3 © 1000
) I‘._ fit region™ ¢ 500 F ) I'_. fit regi .
0 1 2 3 4 5 6 09 1 2 3 4 5 6
= lifetime [ Tyl =lifetime [ Topgl
= 4500 F
3 115 GeV <E _,< 125 GeV 24000 F 125 GeV <E _, <135 GeV
= 8 - E
3 38443 events ~ 3500 34888 events
= 21871 fitted | 9 S000F 17373 fitted
- S 2500 F
3 = 2000 F
3 £ 1500 F
3 2 1000 F
1 e || P et e
0 T 2 3 4 5 6 O "1 2 3 4 5 6
= lifetime [ 6] = lifetime [ 6]

» 4000
2 3500
3000
2500
2000
1500
1000

T,

events /0.16

a1
o
o

2500
2000
1500
1000

500

events / 0.16 Tpq

= 135 GeV < E_, < 145 GeV
= 28992 events
= 15287 fitted
0 1 2 3 4 5 6
= lifetime [T,p4]
3 155 GeV < E_, < 165 GeV
_ 15230 events
E 6100 fitted
0 1 2 3 4 5 6

=lifetime [Topg]
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events /0.16 T,
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21811 events
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. , T A
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= lifetime [Tpc]
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data / fitted MC data / fitted MC

data/ fitted MC

=V lifetime, cont

Collimator Collimator
75 GeV < E _,< 85 va 13E 85 GeV < E _, < 95 GeV
= o 3 =
+ Q1.2f *
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i 4
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1.2 H S 12F 5 T
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| S i sl
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0.9 i s 09F
08 S o08f
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¥ — g '
09 o oo |7 HTT
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V.| from =° beta decays

Using the new preliminary =" lifetime from NA48, and T

g1/ fi =1.327077 +0.05, (KTeV 2000, 494 events), and

following Garcia-Kielanowski prescription:
Vsl = 0.203 4+ 0.028  dominated by ¢/ f

(neutron decay + SU(3): g1/ f1 = 1.267 £ 0.035, not used
here)

— Agreement with SM expectation of |V, 5| = 0.2274 + 0.0021

— Uncertainty dominated by experimental precision on
form factor ¢,/ f; and branching ratio

o |
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Extraction of f,(0)/¢:(0)
-

Using the new preliminary =" lifetime from NA48,
g1(0)/f1(0) can be extracted from BR using V,s = 0.2257
from kaon decays (Blucher and Marciano, 2005):

91(0)/f1(0) = 1.16 £ 0.04p, = 0.02¢4¢

where external uncertainty includes contributions from Vg,
lifetime, and f>/ f;

Agreement with exact SU(3) symmetry within 2.5 sigma

o |
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=0 and =9 in 2002
~

From minimum bias trigger (down-scaled by 35):

A r
5 [ 46450 events
5 [ 1nsignal region -
Z ol
§ 50000:— .
2 - 577000 events 102 +# t
@ - in signal region ﬁ +ﬂ
S 40000 — % ﬁ m
a - I i
-E 30000 + + } N w
=l oe byt f
20000 }L %Hﬁ w * * HW}L W
10000; I “ ‘ ”‘
1L
9"“‘i‘” ......... L Coov v v b b e ey il
.3 1.305 131 1.315 1.32 1.325 1.33 1.3 1.305 __ 1.31 1.315 1.32 1.325 1.33

] . . 2
Invariant A 7€ mass [ GeV/c’ ] A-TC invariant mass GeV/c

Used for normalisation purposes

o |
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Experimental challenge

o B

0.7
[ anti TUTT trigger

0.65 -
0.6

# Proton takes most of the
hyperon momentum
= proton line-of-flight |l |
close to beam pipe -y
= low acceptance,
sensitive to detector 05% R
— accurate MC needed N

K T

TCTT invariant mass [GeV/c? ]

0.4

# Triggered by complex 0.35 AN——=pTC

algorithm to exclude 03

unwanted K¢ and A - AN—=pT

III|III|III|III|III|III
L decays 0B e 8 10w J

momentum ratio %_
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Data-M C comparison - x channel

-

* + 25 - - +DATA
-0 L TDATA 20 ;Analysiscut -MC
L 175 [
L 15 |-
N 125 ;
[ 10 ;
B 7.5 ;
- s L
[ 2.5 O
C \

e b b b b b e P P . O"“\“‘\“‘\“‘\“\‘\—‘1“‘\‘

4 6 8 10 12 14 16 18 20 22 24 40 60 80 100 120 140 160 180
Muon momentum GeVic Proton energy GeV

|
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normalized events / (4 GeV/cz)

normalized events / (0.5 GeV/cZ)

Data-
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0.04

0.03

0.02

0.01

- Data

(o2}
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80

100 120 140 160 180 200 220 240

>* momentum [ GeV/c ]
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OO

5 10 15 20

e momentum [ GeV/c ]

M C comparison - e channel

-

|
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-

)

o~

normalized events / (4 GeV/c

Data-M C comparison - spectra
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80 100 W2O_O 140 160 180 200 220
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-

|
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V.| from =° beta decays

fEO beta decay similar to neutron beta decay: T

= (uss) — Xt (uus)e v n(udd) — p(uud)e™ v

Decay rate :

[ = G3IVisl2 25 [(1 = 38)(1f112 + 391 2)]

Am = mgzo — mx+, = Am/mz=o = 0.095
(slightly modified by radiative corrections and ¢*
dependence)

- f1 protected by Ademollo-Gatto theorem, f; ~ 1
- 1(EY) = g1(neutron) if SU(3) symmetry
- assume g = 0 (non-existing second class currents)

=0 Jifetime from PDG
CT(E — e v) = (8.66 + 0.380y, & 0.27,) x 107571 o

Recent results in hyperon physics from NA48 and KTeV experiments — p.31/34



75

25 F

W

1.27 1.22 1.23

GeV/

Recent results in hyperon physics from NA48 and KTeV experiments — p.32/34



=0 and =9 in 2002

fFiducial volume: 70GeV < E=o < 214GeV, dm < z=o < 50m T
Nzo = (2.422 £ 0.003(5¢4¢.) £ 0.01855¢y) X 10
Ngo = (2.254 £ 0.012g441.) £ 0.017g5y) x 10°

el

Nzo/Nzo = (9.31 £ 0.05(5¢41.) £ 0.04551.y) x 1077

o

5" 0.22
7 0.2
Z 018
0.16
0.14
0.12
0.1
0.08
0.06
0.04

0.021 T
obL 1 1 1 00011 ]
70 80 90 100 110120 130 140 150 160 170 180 190 200 210

Energy [ GeV ]
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anti-=" beta decay
B -

A
c 4 Check for the BR measure-
175 = ‘c\\ :0
551 events ment of the =¥ decay
" [ in signal region 1
125 | |
N Same selection as for =’

| |
ﬁ% 1 | 551 events with a back-

SRR " C0.8)%:
: Hwﬁ Hanttd +mwﬁ*ﬂﬁﬁﬁﬂﬂﬂ J ( )

b

+

1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26

p—Tt invariant mass GeV/c

| BR(ED - TFety) = (257 £ 01240, 580, ) x 1071 |
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