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n CP Violation in the SM

CP violation expected in the S.M. due to
the existence of three quark families
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The scale of the elements has suggested

the “Wolfenstein Parameterization”
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Belle Collaboration

E The Belle Collaboration
274 Authors from 45 Institutions




The KEKB Accelerator
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B decay topology

Reconstruction

of the CP eigenstate
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BaBar

BABAR Detector

‘ Muon/Hadron Detector
Magnet Coil

B EiectronPhoton Detector
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SVT: Z resolution ~70 microns h
Tracking: o(p;)/pr= 0.13% x pr 0O 0.45%
DIRC: K-Tt separation > 3.40 for P<3.5GeV

EMC: 0./E = 1.33%E-4 0 2.1%



The Belle Detector
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PEPII-BaBar Operations

Design: 3.0 nb'l/s 135 pbt/d ~0.80fbt/w ~3.3fbl/n

Achieved : 3.28 184 1.03 3.8

Data from 1999-2000 run

e 20.7 fb'! on-resonance
N(Y(4S)) = 22.74 +0.36 million

e 2.6 fb! off-resonance
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KEKB-Belle Operations

All luminosity records belong now to Belle.
2001 Run extremely succesfull.

Peak luminosity in excess of 4.0 nb/s and

performances over a day In excess of 200 pb-*/d
have been achieved.

Looking forward for a great competition.



DIRC: Detection of Internally Reflected
Cherenkov light

New design for a Cherenkov detector

144 quartz bars (1.7 cm thick)
10752 PMT in 6 m?3 of
purified water

Total space: 8 cm (0.14 X,)
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Belle PID Systems
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Events
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B reconstruction

(4S) -> BB

energy substituted
(constrained) mass

Mg = Py

energy difference

AE =E; €.,

AE sideband

AE (GeV)

one more pion...



Charmless two-body B decays

Direct CP search

Time-dependent CP asymmetry
TUTT =2 sin(2a), @K => sin(2)

Theoretical model validation

Vuds - T, K*
i

Cabibbo-suppressed
tree diagrams

b thW th,s ds T, K*

penguin diagrams



Charmless decays

1T, KT, KHK- (h*h)
o1, 0K+ (T0h*)
KO, KOK* (KOh*)
KOro

K% as Kq to 't

Fully reconstructed decays
Efficiency (with daughter BF)
KOO, h*10,h*KO h*h: 10-45%




Likelihood analysis

Use an extended global likelihood fit to extract
different signal yields (Ng) in each topology

Mg, AE, Fisher(cos0-,,), (¢ mass), 6.

Independent control sample to study Probability
Density Function for both BKG and SIG
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Candidates per 1 MeV/c?
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The search of a tiny signal

23 fb-1 (i.e. BaBar) are ~ 120 ML events

Using topological cuts (background is
mostly qgbar):

Two particles with an invariant mass between 5.2
and 5.3 GeV and whose energy sum is consistent
with machine energy at 420 MeV level

|cosO, |< 0.9 : angle between sphericity axis of B
candidate and the rest of the event

We are left with 26000 events, and after requiring
a PID measurement on both tracks only 16000

Signal (expect 200) has been reduced by a factor 2,
Background by 7000.

Now we need another factor 100.



Background suppression

Y4S rest frame:

C
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Background suppression

Fisher discriminant M

Linear combination of event-shape variables (cones)
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Events

Events

Control sample: D** >

More PDFs (Cherenkov)
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BaBar results

Mode e (%) Ns 5 (o) B(10~") A

o 45 41+ 10£7 4.7 41+ 1.0+0.7

Kt 45 169+ 17+13 158 16.7+1.6+ 13 —0.19+ 0.10 +0.03
KtK- 43 g2tif+as 13 <25 (90% CL.)

atar® 32 AT+ 1446 34 <06 (90% C.L.)

K+ta" 31 TE+14+7 8.0 10850 +£1.0  0.00+0.18 4+ 0.04
K%+ 14 5Ot £ 6 9.8 182532 + 90 —021+0.184+0.03
KKt 14 —41M3%+23 - <24 (90% CL.)

Ko%" 10 179755 10 4.5 s2fi1+12



Systematics

= Vary PDF parameters
= alternative PDF

Variation in %

Parameter IN .~ N N g 5
bkg Mgsg +5.3 +1.6 +11
bkg AFE +0.2 +0.2 +1.3
bkg Fisher +13 +3.0 +34
(mEs) o | PG a0
oc(mps) 9z +0.5 3
(AE) +4.2 | 5 | FI3

o (AE) Tea | Is5 Talo
F (D°x) +3.7 o) +3.8
O T2y +1.3 +17
Total +17 +rs +43




Results

-
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Results (AE/m.. )-BaBar
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Belle Cut-based analysis
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Belle PID

K7/ntt/KK Separation with PID
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Belle results

Moxde N, b e [%] B [>10r] U.L. [>107]
B9 — ot 17.7 171 103 31 281 056 T H = 04 -
Bt 3ty lid TR i i 120 078 108 104 1.34
BY s K+r 603 Ly 7. 2.0 193 255 Zind -
Bt K0 349 478416 7.2 19.2 163 255 018 -
Br oK't WMLl 35 135 137 23 208 -
BY 5 K 84 2138 A 39 9.4 Lo fE 155 -
B — KTK- 02 54 - 24,0 - 027
Bt 4 KR (140 :”.J;, — 12.1 - 30
Modes Ratio
B(BY = ota%) /B(B = ot < 267
2B(Bt — K2/ B(BY — Ktx=) 169 158 1013
B(BY — 7ta=)/B(BY = K+ n=) 0.20 1513 150

B(B" + Ktr=)/28(B" —+ K
2B(BT — Kta")/B(BT — K7 1)
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Counts / 3.0 MeV/ic?
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Acp asymmetries

Our detectors are made of matter...

Tracking effects studied in

e'e” -> 11 events ('3+1 prong’ )

Negligible effects (<1%)

Events/4 MeV /e

PID effects studied
in D%-> KTt

ik

N IR R .
1.8 1.85 1.9

Negligible effects (<1%) . M) (Geve)

Eventsid MeV/c
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Averages (strictly my responsibility)

CLEO Belle BaBar <>BR
e 4.3+/-1.7 5.6+/-2.3 4.14/-1.2 4.4+/-0.9
KOTT+ 17.2+/-2.8 19.3+/-3.7 16.7+/-2.1 7.3+/-1.5
K+7T 18.2+/-4.9 13.7+/-6.0 18.2+/-3.9 7.3+/-2.7
K+Tl° 11.6+/-3.3 16.3+/-3.8 10.8+/-2.3 2.1+/-1.7
TTOTlO 5.6+/-3.1 7.84/-3.9 5.14/-2.2 5.7+/-1.6
KOO 14.6+/-6.4 16.0+/-7.6 8.2+/-3.3 0.4+/-2.7

CLEO Belle BaBar <> ACP

K* i -0.04+/-0.16 0.04+/-0.18 -0.19+/-0.10 -0.11+/-0.08
Ko™ 0.18+/-0.24 -0.21+/0.18 -0.07+/-0.14
K0  -0.29+/-0.23 0.02+/-0.22 0.00+/0.18  -0.07+/-0.12

A sign convention

‘Tb- f)-T - f)

rb- f)+T(b - f)



What do we do with this ?

Hope to eventually measure:

O andyY

Supply by now theorists with data
that shall allow to refine the model
phase space



The clean way would be:

TECHNION-PH-91-13
April 1991

Elimination of Penguin Contributions to CP Asymmetries
in B Decays through Isospin Analysis

Michael Gronau
Technion - Israel Institute of Technology
32000 Haifa, Israel

ABSTRACT
Isospin symmetry in B§ — #F7~ B} — 799 B+ — 2+7° has been shown to remove
the theoretical uncertainty due to penguin diagrams in the predictions for CP asymmetries

in these decays.



that means:

Gluon is I1=0, so b — d penguin is pure
Al =1/2 while the tree amplitude has
both Al =1/2 and 3/2 components.
The key point is in isolating Al =3/2
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Bello e Impossibile (G. Nannini)

Require the measurement of : _

BR (B*->11'1), BR(BO—>T[0(T_l)0), BR(BO->11°)

and the time evolution BO(t)->1t'1T



Determination of a (Neubert’s way)

_ Br(Bt) = 7ta7) = Br(BY(1) = 7f77)

AGp(t) = Br(BYt) = mt7~) + Br(B({) = 7nt7~)
= _S:rr:lr Eill{ .-"i'r'”-j:: f) —+ C'rr:lr -:_‘.0.‘-_-1(5'”!-_,‘_—3 ﬂ )
¢ — 21Im )\-:rr:r = 1— |)"-:'r:'r|2 L — — 243 e~ + P:rr:'r/Tmr
il J. + |/\mr|2 E T J_ + |/\-:Ir:lr|2 ’ T . t?:“’f + PJTR'/TR':'T

1 0.5 0 0.5 1



Prediction on Asymmetries
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Prediction on Asymmetries

Possibly big



The near future

600
=) 500 —
o] o
= &
- 400 £
g g ® Yearly Lumi
— 300 ‘€ |m Cumulative Lumi
2 S
= — O Peak Lumi
o 200 x
2 (]
ot o
= 100
0 |
1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Yearly Lumi 2 23 40 70 | 105 | 130 | 175
Cumulative Lumi| 2 25 65 135 | 240 | 370 | 545
Peak Lumi 1 2 5 7.5 10 12 17

Year

Expect to have 40fb-t more by the end of the run I\

Similar perspectives for Belle.




Extrapolation

CLEO Belle
TTC 4.3+/-1.7 5.6+/-2.3
K;’E 17.2+/-2.8 19.3+/-3.7
K Tt 18.2+/-4.9 13.7+/-6.0
KT 116+4/-3.3 16.3+/-3.8
Uy 5.6+/-3.1 7.8+/-3.9

KT®  14.6+/-6.4 16.0+/-7.6
CLEO Belle
K* -0.04+/-0.16 0.04+/-0.18
KOt 0.18+/-0.24
K0  -0.29+/-0.23 0.02+/-0.22

BaBar

4.1+/-1.2
16.7+/-2.1
18.2+/-3.9
10.8+/-2.3
5.1+/-2.2
8.2+/-3.3

BaBar
-0.19+/-0.10

-0.21+/0.18
0.00+/0.18

<> BR

A+ -
3+ /-
3+ /-
1+ -
EYE
A+ -

o g N NN P
NP P DN O
~N O NN oo

<>ACP

-0.11+/-0.08
-0.07+/-0.14
-0.07+/-0.12

Rule of thumb: normalize to BaBar error (20fb1)
The combined Belle+BaBar harvest will give:

2001: divide by 2
2002: divide by 3+/- 0.5
2005: divide by 6+/-1



Conclusions

All the 2-body charmless B decays are potentially
accessible to B-factories.

Soon (two years) Tt+1t-will be known at 10%.

Direct CP Asymmetries will be determined at
1-2% in the next four years.

TP and KK are indeed difficult. BR less than
10-% are almost impossible.

A combined effort of experiment and theory might
allow the determination of a and vy.



