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> In the standard model via a complex phase the CKM matrix (V):

d ’ Vud VuS
weak eigenstates s"1=\ V. Vi
b’ th Vts

> Vis 3x3 unitary matrix: VV1
> Vij strength of the i-j quark coupling

Vub d
V.l s
th b

> V can be parametrized with 4 parameters:

1

1—=2A° A
2
V ~ 1 2
—A 1—=2A
2

AN (1—p—in) —AA

AN (p—in)
AN
1

mass eigenstates

+0(AY

Wolfenstein parametrization: A~ 1, A ~ 0.22

> Why is important CP Violation:

> Distinguish between matter and antimatter

> Is the Universe only made out of matter? (CPV is a condition in Sakharov's model)

> Very sensitive to new physics models
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> Three types of CP Violation:
(a) Indirect CPV (in mixing)

(¢ )=

In D decays mixing is suppressed (<10%?)

(b) Direct CPV (in decay) ) — this talk
A*el !

B* el 5
(c) Interference (between mixing and decay)
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> In K mesons:
> CPV in mixing (1964 using K) —m' m ) €=2.3x10""

> CPVindecay (1999): R (e'/e)=(1.8+0.4)x 10"

> In B mesons:
> CPV in mixing (2002 charmonium modes): sin(28)=0.72+0.04 +=0.02

> CPV in decay (2004 B~ K "7 ) A4, =—0.133+0.030=+0.009

Km

> No CPV observed. No even mixing.

[New physics could be hidden in the Charm sector!
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Considering a decay amplitude and its conjugate given by

AN AR NS
strong phases (CP even) weak phases (CP odd)

The CP Asymmetry is

|A|2—|1_4|2: 2|A||B|sin (¢, —¢p,)sin(5,—3,)
AP +]A] |AF+[BI +2|A|[B[cos(¢p, — ;) cos (6, 6))

cP—

where Ap#0 onlyif A#B and (¢p,—¢,)#(5,—65,)#0
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Decay Example Acp

Cabibbo-Favored (CF) DT = K otgt 0
Doubly Cabibbo-Suppressed (DCS) Dt - K-KTK™ ’
Singly Cablobo-Suppressed (6C8)  DF — K- K=+ @
Possible asymmetry in SCS decays in the interference of
tree-level and penguin process

W
K* é;\!\"/l%
§\¥< } c  dsb dsb g}K+
D*

{a < }T” a (d}}i

k . k
VCS- VMS @ different weak phases m=pp- Vcd' Vud

AT=1/2,3/2 <& different strong phases = Al=1/2

ApcI(V VIV V:)sindcA nA* sm6
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The time-integrated CP asymmetries can be written as

_I(D~f)-T(D>7)
" I'(D- f)+I'(D- f)

where I' (D — f) is the decay rate.

Using I', ,(D)=1T, (D), from CPT conservation

, _B(D=[)-B(D—])
= B(D~f)+B(D])

where B(D— ) is the branching fraction.

Note that A__, can be normalized by a CP invariant branching fraction to
reduce systematic errors. In the SM, Cabibbo-Favored decays are CP

invariant: B(D- f..)=B(D— f )
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> CPV in charm is expected to first manifest in Singly Cabibbo Suppress.
> |n the standard model, CPV in SCS decays ~107.
> New Physics can give CPV asymmetries ~102.

> Experiments reaching limit of 102 providing a window for new discoveries
We search for the CP asymmetry in SCS decays D oK K '

+ + -
and in the resonant decays D™ = @10 and D' — K'K"

high statistic analysis > challenge: tiny systematic errors
(stat. error at 1%) (sub-% syst. errors)

Francisco Yumiceva CP Violation in D+



BABAR Detector

Instrumented 1.5 T Solenoid
Flux Return '

I The BABAR Detector >

Drift Chamber

—

Electromagnetic
Calorimeter

Silicon Vertex
Detector

e

(ZIS)'QGeVe 31 GeVe+
~ “6(e+e- — cc)~1.3 nb_ /PEPJI
0 (PlE)=23% E[GeV Ic] " +1.9% e o
o (prlpr)=0.13%0X p,[GeV [c]+0.45% __ =, {:a'l"”‘

&> 3
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- E3
MC e+e- —cc
AdOm i
- ‘Selection Efficiencies)

> Same selection criteria applied to CF and SCS modes whenever possible

> Reconstructdecays: D" K K m~ Di—»K K'm~ D"'-K ' m
(for branching fraction)

> At least three charged tracks

> Particle identification for kaons

> Pions are tracks that fail a loose kaon PID

> Common vertex. Probability 2 > 1%

> Reject D from B decays (background) by
Pou(D*)>2.4 GeVic

> Remaining combinatorial background
reduced with a likelihood ratio technique B g1

Francisco Yumiceva CP Violation in D+ May 1, 2006 pg. 11




Construct Probability Density Functions (PDF) for signal and background:

Variables for D* and D_* decays:
e cm momentum (p__ )
* Vertex-fit probability with beam-spot constraint ( P_(X?) )
e Vertex separation (from interaction point) in the X-Y plane ( d, )

=T | | O | | Tl =l | T T T | | ER A | T T | | ER R | | [ ) | | | { EN A
[ ] Signal Region
[l Side Bands

?45000
-
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: : D" - K GeV/
Signal PDF obtained by | -2 K meass[Geliic] N
F(Signal):lF(Signalregion)—;aF(Sidebands), =— b

o< (x

|

~I[TTTT

signal region

Francisco Yumiceva CP Violation in D+



D* — KFnEx™ DECAYS: Probability to form a vertex within

DATA :
i 12 d —; U:S-.r P ( 2) _ p1ab

n.l XY 3 g BS x = il
n.u..l»: — 03 - - 11018
ik 0 H —: E E 0 Ciei
M . oIry - =
004 — C ] .o
2l 3 i E L2
I ] .___: ey ]
i 0 s e by g PP PR TR TR T IWT i Py o v A 1 P T P B PR B P P P i du o i ]
1] 0o ko [0 n 1 k12 [IRES ':h kl 02 % 04 s 04 07 08 09 1 e 3 4 4.5 - 3.5
- — K nx) dr', [em] (D* 5 K= a) P[xj:l [0F — K m ) pry, [GeV/ €]

DY oy KK TrE DECAYS:

Signal Background

DATA

Ty T T L L) S L T
3 A
i d 3 nsf P ( 2) = a1
il x}Ir =] 4 BS x — “.U-H_
_E 03 = i
_E 01 = soef
I . -
Ir =] L02H
e ] ;
it 1; 1 + I Y TR TER ST R RETENE STR NN TR Tl ST NN T TN un. ©
T T T R R A TN R R T T ¢ Rl B2 R 4 RS Mg a7 0& 09 1 EET ) 3 i : ts
(0 = K K=)d, [em] (D — K K =) Pggly®) (D° — K K x) Py [GeV/ ]

small probability for D+ signal
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Construct a likelihood for signal and background:

Lsignal:Hl- L;ignal<xi) Lbkg:Hi lekg(’xi)
— Lsignal
then, the likelihood ratio is r=
Lbkg
> About 16% of the events have more than one D+: : :
> Select event with highest likelihood ratio. :
> Most of these events are combinatorics . E

> Ratio (r ) formed using only p__ and P_ (x?)

> Sensitivity ( S/AS ) optimized as a function of ratio:
> Maximum at l”>4.3 0 74(|>EL101|71|41|61|8|j(]k:|°”:;0’?gr?a8“;0%:
> Same criteria applied to both CF and SCS decays

> Define ratio ( r, ) by including dXy PDF in the likelihoods

> Sensitivity is nearly as good as ratio “r’ | d,, correlated with P.(x?) ]
> Used to measure a systematic uncertainty

40F
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+ + -
D — ¢t reconstruction: >

K+ T+
> Invariant mass within 10 MeV/c? of nominal ¢ mass
> Helicity angle cut at maximum sensitivity: |cos(0,,)]

WV
o
o

ﬂ 32—_ I I I I L) I T I I _'— = :F" J::.I..- K ...1. "-J:r J : I.. 3 i E
= + J o R oW = ™ ]
3 — 8 B3 L i " o
= 3 o 06g i hps
28 = 0.4 £ =4 - J.. 5
: ] =y e, ;L-.‘*“ -]
26E o R T A : 3
4 - | S T e
nE = N2 _3
- 3 04F T =
20 = SR i
- ] B, Vi i ie
18 3 e Rl s
£ ] R, S T ]
B g i A e T S e g Bl g, e " 4
0 0l 02 03 04 05 06 07 0% 09 1§ :
2
cos(8y),, - (on”) mass [GeVic]

D' = K*° K reconstruction:

> |[nvariant mass within 50 MeV/c? of nominal K° mass
> Helicity angle cut at maximum sensitivity: |cos(0,,)|>0.3
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DT — K~ K 1™ selection:

> Selected by a procedure |dent|cal to that of SCS D* decays
> Remove contamination from D™ — K ™ ™

> For all (KKr), the K with same charge as pion is treated as pion and

then the (Knrt) invariant mass is calculated.

> D+ peak in mass region is removed.
> Contamination from D™ - D’ (- K ", K~ K B
> Remove events which m . _.>1.84 GeVlc’

D*— K™ 1t 1t” selection:
> Events removed if either (K) combination satisfies m,- .=>1.84GeV'/ ¢’

D*—> K K"t selection:

> Partially reconstructed D — D’ (= K 1 1)’ misidentify as (KK),
iIf 1° missed and pion misidentify as a kaon: Events removed if K track
treated as wand 0.139<(m —m., _.)<1.84|GeV/c?|

K ' K
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Events/3 MeV/c’ Events/3 MeV/c’

Events/3 MeV/c’

—
-
o
o

18 48 @ 32
K K'nt Mass [GeV/c’]
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18 19 = 2

K K'r Mass [GeV/c’]
CP Violation in D+

4 Total 43k

1 Total 11k
1 Total 10k
Parent Charge + —
DT — K- KT rT 21632 + 228 20940 + 226
DE — ¢ 5452 + 87 5327 + 86

DE L KK 5247496 5113 + 96
DT K~ K+rT 23066 4+ 217 22928 + 214
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Decay g™ ol
DT — K~ KT7* 8.20+0.04 8.264+0.04
D¥ — ¢nt 7.67+0.07 7.634+0.07

DT - K*"K*  5884+0.07 5.90+0.07
DT - K- KTx® 3.774+0.02 3.794+0.02

* Obtained from a sample of MC generated cc events.

* Same selection criteria is applied.

* Efficiency = signal MC events / generated events.

* Monte Carlo includes corrections to Particle ID and Tracking.
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(1) Measure CP Asymmetry in Cabibbo-Favored Ds+
decays as a cross-check using full sample (80 fb)

Ap (DI — KK 1w)=(+0.64%+0.75)x 10"

asymmetry consistent with zero

(2)

Alternative A__ 1 w’w without using Ds+ decays
Decay  Acp [1077] 45333 (107

K K ™7F 4136+ 1.01 +2.07+0.84

ot 4+0.24 4+ 1.45 4+0.94 4+ 1.33

KOPK* 1088+ 167 +1.58+1.57

(statistic errors only) (both A, consistent)
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Line shape background
Linearity of the background bands checked
with a linear and quadratic functions. Best

30077

2501

200F

Probability 2 obtained with linear function. = 3" .
. . E i 100 =
(no contribution) ™ :
100 3 505— ]
L R Y R ™S - B R L A Y M ™S A R T
(K n*n*) mass [GeVic ] (K'K'n*) mass [GeV/c’]
Peaking backgrounds G f g ' ' B e 4 E
Selection criteria run over generic MC S o G0 momcry | ;
— — r S35000 |y B E E
samples: B+B-, B°B°, cc, uds. S ot ) ‘ E
(no contribution) £ soof ] : 3
o u (T 2000F- E
200F 15005 3
0~ f=
s Fr =n — SOOE_WI ,.,.,g°' .-.___ — “
D* - K K* x* mass [GeV/c’] D* — K n* n* mass [GeV/c?]
Momentum dependency Temporal dependency
Probability %2 to be constant 32% Probability %2 to be constant 63%
) __(no contribution) . | (no_contribution)

S F T e T & 0.055- 3

< L ] X L ]

0.2; *: +¥ 0.04:— =

msi_ _i :‘:50.03;— —;

E B 002;— » i

0-1; E 0_012— é

0.05— — 0% é

D-E- ------ I 3 -0_012— é

1: égT“;s‘éT‘:B :200071900\1 |200071960V I20014930\{ ‘200271930\1:

momentum [GeVic] year-DCH voltage
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Source K- K*tn* ot K*OK=*
Acp [10_2} Acp [10_2] Acp [10_2]
MC simulation 0.06 0.06 0.06
Background estimate 0.63 0.32 0.49
Selection criteria 0.46 0.54 0.54
Total 0.78 0.63 0.73

MC simulation
Slightly harder momentum spectrum for Ds+ decay products.(Conservatively) estimated as

three times the maximum difference in ©t, K asymmetries in the efficiencies from D+ vs Ds+

Background estimate
Increase by 50% the widths of the sideband mass regions. Uncertainty is taken to be the
resulting difference in the central value of A ...

Selection criteria
Estimated with two variants: (1) tightening the LH ratio to produce a 10% change in the yields,
and (2) using the LH ratio (r,) in place of r. The uncertainty is chosen to be the larger of the two.
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Decay Acp [10_2]
K™K 7" +1.4 4 1.0(stat.) & 0.8(syst.)
o +0.2 & 1.5(stat.) & 0.6(syst.)
K*°K*  40.9 4 1.7(stat.) £ 0.7(syst.)

-025 -02 -015 -01 -005 O 005 01 015 02 025
o

I T 1T I rTrTT I T | L] | T 1T UL I LB | T | I
+0.0136+0.0101 1 1
(BaBar 80 fb” B Slgnlﬁcant
o (]
+0.006040.0110+0.0050 lmpr0vement 1n
(FOCUS) T
resonant modes
-0.014040.0290
(E791) =T
025 -02 -015 -01 -005 0 0.0! | | | | \ | | | | | 1 005 0 005 01 015 02 025
oI T 025 02 0.5 01 005 0 005 01 015 02 025 | o
+0.0024+0.0145 A~p(K K 1)
(BaBar 80 fb | CP L+ 10.00880.0167
-0.028+0.036 (E791)———- — e -0.010+0.050 (E791)
+0.066+0.086 (E687) - - -0.120+0.130 (E687)
I|||||||||||||||||||||||||||||||||||||||||||||||II ||||||||||I|||||||||I|||||||||||||||||||||||||||||
025 -02 015 -01 005 0 005 01 015,02 0.25 025 02 015 01 005 0 005 01 015 02 0.25

+

A ((1) TC_) Acp.(K K)

Francisco Yumiceva CP Violation in D+



> Construct an adaptive binned Dalitz plot and study the asymmetry in
each bin. P
> For the ith-bin: i _Sil& =S, 1€
CP 4+, o+ —, —
S'Te; +S. /€,

';I'_I EI_ T T 1 T |:
O _ ]
o ) -
- 1'H: 1
@ o 7
(] 1'5__ » 5
BlaE .
X 12F . o
o C =
E I oo 0
0.8 B
0.6/ -
0.4 .
n i 1 I. 1 1 1 1 1 1 i.I 1 1 1 1 i 1 1 | 1 I_ - =1 1 1 111 111 111 111 1 11 111 111 | 1 _—

1 1.5 2 2.5 ) 3 0 2 4 6 8 10 12 14 16
m?"i{K1 K,) [GeV/c?] Bin #

> Asymmetry consistent with being constant (with a probability of 51%)
and zero
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> Same selection criteria for CF D+ decays
> Equally populated bins

> Average efficiency = 10.03 £ 0.01 %

o)
T

n
P

N
?

18 185 19 195
Krint Mass [GeV/c’]

o

Events/ 2 MeV/c?(x10°)

3

5 2 25 3
m3(K n,) [GeV/c]

I'(D+_)K+K_1T+) ZS;(KHIE;(KH

/

Ir'(D"-»K m'r") _Z St ler
F

Kt
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Source Uncertainty [1077]
PID + tracking 0.22
Background estimate 0.05
Selection criteria 0.02
Total 0.23

I'(D"->K 'K m")
Ir'(D"-»K n'n")

=(10.7 +0.1(stat)£0.2 (syst))x10~

0.08 0.09 0.1 0.11 0.12 0.13 0.14
T T T T I T T T T I T T T T I T T T T | T T T | T T T T
e 0.1070£0.0008 (BABAR)
Too L’ M " g
Significant
0.093+0.010 *75°° (SELEX) .
Improvement
0.0976+0.0042+0.0046 (E6B7)
1III|.JJII|LJJI|||JI|ILLJ|IILJ
0.08 0.09 0.1 0.11 0.12 0.13 0.14
EIETE'IF-I
B(K n*x*)
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Other Contributions to BABAR

- Search for rare D° — I*l- decay

- Particle Identification:
- Electron control sample
- Data/MC corrections

- User support
ﬁ
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In the standard model, Flavor Changing Neutral currents (FCNC)
are very rare (BR ~ 10°) and Lepton Number Violations (LNV)
are strictly forbidden.

Observation of such decays would be sign of physics beyond the SM, for
example R-parity violating SUSY can increase BR by B(D —e' e )~10" o

B(D'—=u"u)~10"°

Branching ratio:

€
B(D' 1" I')=| B(D ' =)=~ (N = Ny,
1T Ell ) |
D sgte ™ D® — 1 %ei}u:‘: 2__-:—:-+e' i
N{P 0.02 3.34 4 0.31 0.21 I : :
Ngomb 2.21+£0.38 1.28+0.32 1.93%0.36 o) 3—” ] H Hﬂ IHNN
Ny 2.234+0.38 4.63+045 2.14 +0.36 ’E’ TRt o
S [1077] 2254012 4534030 3274020 & [ N N |
i'?\rohs 3 1 0 :é 1__ i i
UL obtained 1.2x107% 1.3x107% 81x1077 3 ? (LT H E 1l
e -
Limits improved by 5 2 10 times j H‘ o N
AL IE fLTLTE

1.7 1.75 1.8 1.85 1.9 1.95 2 2.05

Phys.Rev.Lett. 93 (2004) 191801 o m(lT) [GeVie?]
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> Production of pure particle control samples
> optimize particle selectors
> calculate efficiencies and misidentification of PID selection

> Develop of pure electron control sample
> Develop and maintain of tools for reducing data/MC PID discrepancies

> Analysis software
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Contributions to MINOS

- Magnetic Field Simulation and Calibration
- Neutrino Beam simulation

- Off-axis far detector cross-check

- MC neutrino beam and detector generation
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* Modeling of end-of-toroid effects for near and far coils.
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* Implementation of maps in the reconstruction code.

o Bl

T o (xy)=(-1.06,-1.06)

7

o (xy)= (15,0.0)
« (xy)= (1.5,-1.06)

Undergraduate students involved in this work
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Current Projects — Magnetic Field Calibration

* BH curve of steel samples.
* BH curves from steel planes.
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Hadronic production simulated with a detailed target model in FLUKA'0S

cooling pipes

o

-+

Particle Transport and decays with GEANT3

graphite fins

Be window
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CP Violation in D+

XTI Qﬁl T L
60 :_ -. Near Detector —:
. GNUMI v17 LE(-10cm.185KA)
50 —#*— FLUKA'05 LE(-10cm 185kA)
. —¥— MARS LE(-10cm.185kA) -
B &
40~ E
of Low E(-10cm,185kA)-
2001 E
00T i, E
PRI ics.s. -=== == S
% 5 10 15 20 25

v, Energy [GeV]



* Improving modeling of hadron production:
* Accurate target geometry in the simulation
* Checking models in the simulation

With Only the 2001 Geometry
With Only the 2001 Geometry

|||| |\\\|
08<

T |II\\|I\\\
p,<1.0GeV/c

PPN PPV APSPRFATSN FVITIFIN IVRFEPAF TSI AFSAATE W
5 10 16 20 25 30 35 40

K" Momentum [GeV/c]

0.0<p,<0.2GeVic

v b b b b b g B

0 5 10 15 20 25 30 356
7w Momentum [GeV/c]

2

S5 F .

D L i R R RS RN RN LR o n .

S F S 0.6 <p,<0.8GeVic | -

N 1ap 1 § it 0.4<p,<06GeVic | ]

S + 5 F 02<p,<04GeVic | 1
e E ] — C 0.0 0.2 GeV/g ]

Et 3 L .

X R

8 A 1 { ] S o

N oef, 08<p,<1.0GeV/e < I

§ oab 06<p,<08GeVic ] 5 1%&%

S5 E 04<p,<06GeVic A 1 C 1T

2 gof 02<p,<0.4GeVlc i L r

L C ] g

B W <

. EJ,_'TUQ ‘IIIlIHl ‘ | ‘ ‘ | ‘IlIHII
Near Detector - pions T L - .
L et i A L Simulation
r g c o a1 E
IR - | LE10/185kA ] ) il ] g
@ L X Beam ] I .

Inv. cross section

L 10" p
2f \

Ca::& o '°D ] ] CE 1 16 IHE‘ o 03 1 1.5 a roebulubububublbdedel AL
0 0 : 20 4'.0 = 60" = 30 100 120 b, [3svi] b eVl D 02040608 112141618 222

B Pisborer i B V) NA49 data (158 GeV/c) P, GoVic

Francisco Yumiceva CP Violation in D+




* Improving the beam simulation:
* Detailed modeling of the beam line in GEANT4
* Validation and implementation

students involved in this work
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VERY PRELIMIRARY
* Cross-check of an off-axis detector analysis
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Produced more than 50% of the MINOS MC samples

MINOS MC Generation - Mos

E ;te S [ File Edit View Go Bookmarks Tools Help
" || LHCb POSTERS [ [ MINOS MC Generation ]

* (FLUKA) Hadron production

Site to lunch MC jobs to offsite farms

Last modified: April 15, 2006 11:41:14

* (Particle transport) Neutrino flux

User Identification

* (near detector) Rock events T

Run Numbers

Monte Carlo Code Name (release)

* Detector events |
e (near) Rock and detector event overlaid

& near-detector ¢ far-detector (" near-rock ¢ far-rock(no available)

Overlay Detector and Rock Events

& only detector ¢ overlay events with factors: Detector: [18.64 Rock: [21.15

Beam Type

Initial run number: Final run number: Initial subrun: |0 Final subrun: |0

I OOIS . € (0) LE-010-000 ¢ (1) LE-010-170 & (2) LE-010-185 ¢ (3) LE-1L00-200 ¢ (4) LE-250-200
.

Offsite Farm
€ RAL * william & Mary

* Submitting jobs s ]
* Monitoring jobs
® M C Sa m p I eS Statu S C| LHCh POSTERS 7 MC Production at Enstore

Summary of Detector Monte Carlo on Enstore

ND Beam MC
Type Code Name || Disk Usage || Toml Files | Snarlsifile || FOTisnarls Total POT Mest Recent File
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ipnis/mines/mecin_data/nearicarmot 06010170/ I carrct 06 351GB 198 a00 Vz 57504013 [ 2044018 [ Sat Dec 17 18:09:18 2005
Jpnisimincsimein_datafnear/carrct DBA010185¢ 1 cark 96 || ss0GB 2035 a00 2.56824013 | 3.01e4019 | Wed Mar 22 01:53:28 2006 1
Iprisiminesimein_dataineardcarck 061010200/ | carrck 06 40168 198 400 | 25804013 | 204e+018 [ Mon jon 1610:27:50 2006

K et 061100200/ 1 carrct 06 oce | s | oo 103424013 | 37604018 | Sun Gec 11 14:23:20 2005 |
Ipnisémincs/mein_datafnear/carrct_ O6(L250200/ I carrct 06 364GE 391 130 i 114124013 [ 5.802+017 i Thu Dec 8 21:42:04 2005

Fri Oct 14 0

£ carrot

® carmt_06:
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FD Beam MC
Ipnfsimincs/mein_datsfaricarmoe/L01018 5 carrcc 0608 || 378G8 | 4 (LI (1 12824023 | Thu Mar 9 21:23:47 2006
Ipnfs/mincs/mein_dataifmockicarrot/LO1018 5/ carret 08 149 GB 400 12 (1 41184022 | Fri Mar1710:39:04 2006




* Detector asymmetries understood at the sub-percent level

* CP Asymmetries consistent with zero observed for
DK K'n® D —o¢mr” D - K" K"

* CP Asymmetry across the phase space of D+ Dalitz plot is
consistent with zero

* Significant improvement in the asymmetries has been
achieved reducing errors at 1%

* Relative branching fraction improved by more than 4 times

* Published Phys. Rev. D 71, 091101 (2005)
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> Charge Conjugation (C): Transform particle into its antiparticle

g 0,002\ No conserved in weak interactions
Cy <t » X ) C=—1i (qj yy ) (no observed left-handed antineutrinos)

> Parity (P): Space mirror operation

)2 pP= 0 No conserved in weak interactions
v <t ’ x) Yy v <t 2 x> observed in beta decays (Co®)

> Charge — Parity (CP): No conserved in weak interactions
> CP Violation discovered in neutral kaon decays (1964)
> CP Violation: Decay rate of particle # rate of antiparticle

T CP=+1 T CP=-1
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Improvements between data and beam MC were obtained by tuning
MC by fitting to hadronic x_ and p. distributions.
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Current best measurements of
Am?,, and sin?20,, are provided by

Super-Kamiokande (atmospheric
neutrino analysis) and K2K (9x10"

pot)

The limits (at 90% C.L.) are:
- sin?26>0.9
- 1.9<Am?<3.0 x 103 eV?

The analysis presented in this talk,
which is for 9.3x10" pot, should
provide a measurement of the
mixing parameters that is
competitive with these results

Allowed regions from Super-K and K2K

0.002
Super-K (zenith) 90% C.L.

0.0015

Super-K (L/E) 90% C.L
0.001

\\lllll\\‘\\\lll\\\‘\\||||\\\‘\llll\\\\‘llll‘\\\\
8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
sin?20
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