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Physics measurements of NA48

e DIRECT CP VIOLATION : Re(¢/¢)
e K, rare decays
e Kg rare decays

e Hyperon decays

NA48 future programme will be discussed tomorrow
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e NA48 beamline

e NAA48 detector

e Re(c'/2) measurement
— Physics motivation

— Principle of the analysis
— Systematic effects

— Result (PRELIMINARY)

e K rare decays
— Motivations

— Techniques
— Results (PRELIMINARY)

I e Conclusions
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Nearly collinear and simultaneous K;, and Kg beams are used:

SPS spill length - 2 38 s K anticounter 70l [0 scale !
Cycle ime - 144 s
Proton momentum 450 GeV/c Ta h_

K r,-.u..nﬂ

12
~1L.5 10 protons per spill

( ~3. 10 "protons per spill)

~ 120 m ~ 120 m
> -

-

Kg can be distinguished from K using a tagging counter

T. Gershon
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I_NA48 method: detectors

—

e magnetic spectrometer (P+*'“* ~ 265 MeV /c¢)
a(p)/p=~0.5%® geris %

e charged hodoscope

e quasi-homogeneous Liquid Krypton EMC :

— high granularity (13212 2 x 2 cm? cells)

— projective geometry

‘ a .
o(E)/E ~ 328 @ 100 MeV o g 507

W/ E/GeV E

e hadronic calorimeter

® muon counters

TN ——
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Triggers

Neutral Trigger

A fully pipelined system using LKR cell
information to compute energy, centre of gravity
and proper time

e Output rate ~ 2 kHz
e Negligible dead time

¢ Efficiency for K — 77" : 99.93 + 0.02 %
e Also : vy, ete™ 7, ete~yy, m0yy, nlete

Charged Trigger

o Level 1 : pretrigger Efficiency

— Two track topology (Q.) 99.95 + 0.01 %
~ Two track multiplicity (Dchm) > 99.99 %
— Total energy (E;.;) 99.49 4+ 0.03 %

e Level 2 : on-line vertex reconstruction
— Latency : < 102 us

— Dead Time : < 5%
monitored and applied to 7"7"

— Efficiency for K — 7~ : ~ 97.75 + 0.05%
— Also: utpu~vy,ete"ete, ntnr~ete
ete pTu
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LRe(E’ /e) physms motlvatlon

-

Strangeness eigenstates:
K’(sd)
KO(sd)

CP eigenstates:
K;=(K°+K%/v2 (CP=+1)
K; = (K°-K%/v2 (CP=-1)

Mass eigenstates:

- K] + EKQ
KL =~ Ky +¢K;
(e=1(2.284+0.02) x 10~° )

Two pion final states have CP = +1
CP violation in K, — 77 can occur either
through:

-  mixing indirect ¢ “box”
- decay  direct & “penguin”
-] B +¢ - 0 0
Ki=K,+¢K, ETR,XX
| t cp=+1

. Gershon Fehrunare 211
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NA48 uses the double ratio technique:
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Re(e'/e) ~ & A_ -

riKy —=»%«% , 1Ky —=atn
—Nm.Aﬂn\mv - W Ah ﬂm—nﬂw lﬂ:ﬂaw\ﬁmmﬂw —ata— Wv 6 AH o _w..v

Systematic effects are reduced significantly by
e using simultaneous and nearly collinear beams
e collecting data from all four modes at the same time
o weighting the K, to the Kg lifetime distribution
e performing the analysis in bins of kaon energy

February 2001
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Current status of Re(s’/s)_l

S

Typical theoretical predictions

60 - €' Je x 10*
, Munich 96 Du~Zeu 99
40 | Gaueei
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Most recent measurements

NA31 (23.0+6.5) x 10~*
E731 (74+£59) x 104

KTEV  (28.0+4.1) x 1074
NA48 97 (18.5+7.3) x 10~
NA48 98 today!
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ME AL

e 1997: 89 days 1 x 10" ppp on K, target

= 0.49 million K; — ##Y
PUBLISHED Phys. Lett. B 465 (1999)

Re(e’/e) = (18.5+£4.5+5.8) x 104

e 1998: 135 days 1.4 x 10" ppp on K, target
Main improvements :

— LKR High Voltage 1500 — 3000 V ]
— Charged trigger efficiency 91.3 — 97.7 %

— Carbon fibre pipe — fewer showers in the
detectors

— New DAQ system (PC farm) + 30 % rate

= 1.14 million K; — 7%
PRELIMINARY result since February 2000

e 1999: 128 days 1.4 x 10'? ppp on K|, target
Further improvements :

— DCH read-out, dead time, DAQ efficiency,
spill length
0.0

= Around 2 million K; — n'n

e 2000: 40 days without DCH
Systematic studies: tagging, energy scale

Analysis in progress

T. Gershon Palrunee 3001



EVE:'_I_l_t selectio_n_

ﬁ
All events

¢ Kaon energy : 70 < Ex/GeV < 170
e Centre of Gravity : r.,, < 10 cm

e Decay region : 0 <t < 3.5 7¢
For Kg cut (t > 0) by requiring AK' S

e No dead time

Charged events Neutral events

K.u'd . W

Kes : E/p< 0.8
—Mmgo| <30
P < 200 (GeV/c)?

e e o o
3
3

D = -”f'z EIE}KTEJ

mK

mi; = w.;EiEJ : T'iij

e No extra clusters
p> is the rescaled e R.; <13.5
transverse momentum A
= same for Ks & Ki "

ORI —
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Proton tagging allows us to distinguish Kg from K; decays

T.O.F. between reconstructed Kaon decay and tagger:
Itk — tiagger|<2ns = Kg Itk — tiagger|>2n8 = K,

K—sn'n {wvertex selected) K, st

ag
| ] L. !
T.ll - rile— - =il f;l'l i_. > - -
o T ﬁﬂn..

RPN B TETRTIE T AT N S
" -0 -30 -20 -1 L ] 19

Kaon time - nearest proton time 1S Time(K, ) - Time(p) ol
e In charged mode directly measure
mistagging (o c = (11.05 + 0.01)%) & inefficiency (af; = (1.97 £0.05) x 107%)
e In neutral mode:
— mistagging : extrapolate from sidebands (aps = 3 4+ W)
— inefficiency : use Dalitz decays / conversions

e Re(e’/e) sensitive to Aa;s = (0.3+4.2) x 10°* & Aagy < 0.5 x 1074

T. Gershon Fehruary 2001
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Charged Mode Neutral Mode
Contributions from: Contribution from:
o K 3 -_A:m o 37"

.A__ 005 D1 QS 02 035 ...-u ﬁﬂ _?-. ﬂ! 05

ﬂ...m ﬁwﬁdﬁ x 10

2

There is also some collimator scattering in the K;, beam
e rejected in charged mode through p/* cut
e corrected for in neutral mode

T. Gershon February 2001



Weighting and Acceptance

The Kt events are weighted according to the ratio of
the proper time distribution of Kg and K.

100 - Kaon Energy - 110 Gev 100 < Kinon Energy - 110 Gav
o | '
[T e

am |
Iu;
om |

s ey

ot 15

e SN SN TSRS Sy NI PRSI TN FIEE . v
O% 76 8 9 100 110 120 180 140 180 160 170
Kaon Energy (GeV)

The increase of the statistical error due to
weighting is 35%
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Ené-rgy Scale & Accidentals

i -

Neutral Energy Scale

Neutral reconstruction systematics
Source AR (units 107%)

Non linearity + 5
Non Gaussian tails in op + 5
Transverse scale + 3
Intercalibration + 3
Distance/Energy scale + 3
Other sources + 4

Accidental Effects

e Geometrical Kg / Ky, difference
Effect on R measured with overlays

AR = (2+6) x 10~

e Variation of Kg / Ky, ratio
Conservative estimate gives

AR < 10 x 104

e Noise effects

Included in above
To be estimated with overlaid MC in future

T. GE‘I"Bth Fahruare 2001



Systematic Errors

Stamstlcs (millions) 1998

Subtracting the mistagging probability and
averaging in energy bins, the weighted result is:

Rraw = 0.98899 + 0.00173(813&'[..)

Corrections and uncertainties on R (107°)
Source Limitation
Charged trigger (stat.)
Mistagging probability (stat.)

Tagging efficiency
Neutral scale
Charged vertex
Acceptance and AKS
Neutral and BG
Charged BG

Beam scattering
Accid. activity

Total

T. Gershon Februarv 2001
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PRELIMINARY RESULT ON 1998 DATA

% /ndf = 13.5/19

i 1.1

.
-l
1.025 -

J SENE S, f
y 1
s T
GH—
025 |
09 ;580 90 00 110 120 190 140 180 180 170

Kaon energy

R = 0.99267 + 0.00173(stat.) = 0.00238(syst.)
Re(e’/e) = (12.2 £ 2.9(stat.) £+ 4.0(syst.)) x 10~*

i —— . . — ——— ——— i — —

Re(¢’'/e) = (12.2+4.9) x 1074

(1997) Re(e’'/e) = (18.5 + 4.5(stat.) + 5.8(syst.) x 10~*

Combined 1997 and 1998 result:

Re(¢'/e) = (14.0+4.3) x 1074

T. Gershon February 2001



Checks

R stability

Februarv 2001
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Conclusions and Perspectives

—

New world average:
Re(¢'/e) = (19.3 +2.4) x 10~*
(x*/ndf = 11.1/5)

60 - €'fe x 10"
Du-Zeu 99
NA3I
=i mw Munich 99 Tne;ﬂeﬂﬂ
7| h{ '
0! | NA48 I Taipei 99 '

e Re(e’/e) # 0 is established

e NA48 will improve systematic error on 1998
result and analyse 1999 data

e More Re(e’/e) data will be collected in 2001
with repaired drift chambers

ﬂ

e Results are also anticipated from
KTEV (FNAL) and KLOE (DA®NE)

T. Gershon Fehruar v 20111



K; RARE DECAYS

o K, > nmtne’e”

e Ky - n'yy
o K, veteete” /[ KL —mete ut ™

o Ki v e'e vy

February 2001



Motivation :
Asymmetry in angle (¢) between decay planes
= CP violation (Heiliger & Sehgal 1993)

199841999 data

ﬁu PR
m -
g L ® [Data *
5 200 - = MC
: signal region
S e tail from
g -
u ¥
50 |-

%003  -0.025 -0.02 -0018 -001 -0.008

a

Ps” (CeV'/c™
% 11:'15 — K, on'te'e |
- L ame 1337 candidates
““ w’[ MC K, —sn"n'n), in
PR signal reglon
s

0.48 0.5 052  0.5¢
M(n*me*e”) (Gev/c")

Reject K1, — 7" 7~ 7}, background using P}?

1337 signal candidates =

Br(Ky — #Tn"e%e™) = (3.1 £0.1gpar + 0.2gyg1) X 107

U —
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Ki = n"7m7e"e” Asymmetry
—E=r —

1/T dr fde

\/T oF /do

AL

nmree

P K on'ne'e
.‘ !

[ Visible asymmetry = (25.2 + 2.6(stat))%
3

t ® Data
7 s MC

o

=05 -04 <03 <02 =01 0 01 02 03 04 05
¢=cos(y¢)sin(¢)
: =
L K on'ne'e
i |
I Asymmetry after acceptance
, correction = (13,9 1 2.7{stat))%
3
* Data
2 =" MC

‘Eo,a -04 =03 =02 <01 @ 01 02 03 04 05
®=cos(y)sin(¢)

PRELIMINARY result after acceptance correction
= (13.9 £+ 2.7sraT * 2.0svsT) %

cf PRELIMINARY results from Kg — nt 7~ ete™
(921 candidates ; 1998 + 1999 data)

‘BT{'KH — ntr"ete”) = (4.3 £ 0.2g7aT £ 0.35ysr) X 1075

T. Gershon
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Motivation :
Test of xPT to O(p°) with VMD contribution (a,) bounded by
experiment.
m 400 - e
m — r_-ﬁ,uﬂl...u-ﬁ_ m_! - r_-ﬁ..h:o.vn-#
2 350 -4~ DATA + DATA
= 160
ue 3 MC3 o
- 140
250 120
0 100
]
150
60
LG
40
- 20

15 02 025 Futdwﬂr.-

0. 013 0435 014 0 .
m (GeV) My (GeV)
1397 candidates, with ~30 background
Cmm—._m Ay = —~0.45 : |Br(Ky — 7%yy) = (1.51 £ 0.05¢7AT + 0.20sys1) X 1

Events at low m.., indicate O(p®) contributions and size of a,

T. Gershon February 2001



rKL —eTe"ete” /| Ky —mete utpu

Motivation :

Probe v*~* vertex structure ; provide model
dependent tests.

KL—*E_'_

i
I.h__
s

d

e etTe” 1999 data

ol mametn

§isi
|
-
Mumbar
r-'!l'lli

L N :

. . S

li'""u- 04 048 B4 08 883 G684 T
(s s n's | (G |

| 132 candidate events =

Br(Ki = ete e’e™) =

| (3.67 £ 0.32¢1a1T £ 0.23gysT £ 0.11nORM) X 1077

Ky, —wefe utu 1999 data

042 084 QM8 048 O DB AWM AR 088 08
mawste’s u' | [Bee |

19 candidate events have been observed
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LKL — eTe vy

e

Motivation :

o Test QED radiative corrections
¢ = measurement of K;, — ete ™~ form factor

e K — eTe 7~ is serious background to
direct CP violation mode K; — 7le*e"

1997 4+ 1998 data

- [ e :
e 035 04 045 03

055 06 065
invariant eeyy mass /GeV

492 candidate events have been observed
Br(K; — eTe™yy: EJ > 5MeV) =

(5.32 + 0.31gpar £ 0.20gygr £+ D.ZQN{]RM) x 10~7

T. Gershon Febiruarv 2001
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