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Time-dependent CP asymmetry measurement
KEKB accelerator and Belle detector

Update of sin 2¢py measurement

sin2(¢1 + ¢np) in B — 0 Kg

CP asymmetry measurement for B — n77~
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— Physics motivations

CP violation is accomodated as an irreducible complex phase in the weak

interaction quark mixing matrix (CKM).
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—— Indirect CP wviolation in B meson decay
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Time dependent decay rate of BY(At) and BY(At) into a common CP
eigenstate, fop :

[(B°(At) = fop) —T(B°(At) = fop)
['(BY(At) — fep) + T(BY(At) — fop)

A(AY)

= —{f5sin 2¢; sin AmgAt

with &y is the C P-eigenvalue of focp ( &y = -1 for J/YKs, & = +1 for J/YKy)
Amyg is the mass difference between the two B® mass eigenstates.
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— Principle of the measurement

Measurement of sin 2¢cp requires :

1 Full reconstruction

Vertexing

s ‘ | .
resgnance positron ‘ ! N K
(35 Gev’ 1 Vo1 —
/ (3.5 GeV) A -

electron (8 GeV)

H+ ‘ Flavor tagging ‘

Az~200um

full reconstruction of B® — fcp decays (Bcp) (full angle coverage, high

precision momentum/ energy measurement)

determination of the b-flavor of the accompanying (tagging) B mesons

(good particule identification)

measurement of At (asymmetric collision and good vertex detection)

fit of the expected At distribution to the measured distribution using a

likelihood method

...and a lot of statistics !!!
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— KHB Performances
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All results on CP violation are preliminary results...
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—— BELLE Detector performances

Tracking part :

Central Drift Chamber(CDC) W“““

|
(50 layers) IHIMM!””M 5
Ol ~ 035 % @ 1 GeVio &
Silicon Vertex Detector(SVD]
(3 silicon layers/double-sided)
o ~55um for 1GeV/c @ 90°

Particle identification (K+/_id up to 3.5 GeV/c)
Aerogel Cherenkov Counter(ACC) : n=1.01 ~ 1.03
Time of Flight (TOF) g ~ 95 ps

CDC (dE/dX) ogg/gx ~ 7%

Electromagnetic Calorimeter(Csl crystals) og/E, ~1.8% @ 1 GeV
K and Muon detector (KLM = 14 layers) u : € > 90%and fake rate ~2%
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— sin 2¢; (LPO01 result)

We have observed large CP violation in the B meson system (July 2001).
The effect is greater than 6 ¢ (using 31.3 million BB pairs)

I —+— qu: +1

0.20¢ (:9 q&=-1
g
S
% I
> 0.10¢t
—

0.00 : : : : : :

-8 -4 0 4 8
At (ps)

sin 2¢1 = 0.99 + 0.14(stat) £ 0.06(syst)
(Papers : PRL87, 091802 (2001), hep-ex/0202027 (submitted to PRD))
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— (P modes reconstruction

(8.1/671 — 42fp—1)
Mode

Very few modifications in the selection compared to LP01

Number of events  Purity (%)

J/YKg(— ntn™) 636 95.1
J/ YK g(— monY) 102 79.6
Y(28)(—= IT17)Kg 49 95.2
Y(2S)(—= J/yrtr~)Kg 57 92.5
Xe1 (= J/Y7)Ks 34 93.1
’I]C(—> K5K+7T_)KS 39 71.6
ne(— K+ K-1%)Kg 33 73.0
J /YK *0(— KgnO) 55 89.1
J/YKT, 767 60
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636 candidates J/Y Kg(ntn™)
Purity = 95 %

369 candidates for other modes
Purity = 84 %

Events/(2 MeV/cZ)

— Charmonium+Kg(K*®) modes

300
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— Sum
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— J/Y K mode

Take into account of run-dependent beam energy shift for pg (= |ﬁ}‘/¢ + ﬁ}}L ) :
better agreement between data/MC (peak position and overall pj shape)

300 I | I I | I I I I | I I I I I I I I
| 767 events |
| purity = 60% |
200 -~ Signal (462 events) .

BG with K| .
BG without K| §

I I O 1 I

combinatorial .

Number of events / (0.05 GeV/c)

pgems (GeVic)
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— Vertex reconstruction and resolution functions

Az is dominated by the tag-side vertexing resolution (charm effect)
for CP side : 75 pum (e = 92%) / for tag-side : 140 um (e = 91%)

Pdf(At) = Psic ® Rsic + Pec + Por, Rsic = Raet @ Rnp ® Riin

[J Separate response functions for “vtx with 1-track + IP constraint” and
other

[ Outlier treatment

Adopted for the B lifetime analysis :
7(Bf) = 1.69540.026 £0.015 ps
(PDG 2000: 1.653 4 0.028 ps)

7(B%) = 1554+0.030+£0.019ps &

(PDG 2000: 1.548 & 0.032 psj
T(B:I:) _ ®
~Eoy = 1.091+0.023 +£0.014

(PDG 2000: 1.060 + 0.029)
= submitted to PRL (hep-ex/0202009)

20

XXXVII Rencontres de Moriond CP viclation results from Belle Trabelsi Karim



— Fit result with 43fb™

sin 2¢; = 0.82 £ 0.12(stat) + 0.05(sY5t)

+ qg=+1
O qu =-1

O
N
|

O
=

1/NedN/d(A1)

At (ps)
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— Raw asymmetries

L CP=-1
0'4_ +0.22
ook 114 024
0 T ) can au TR R [ 0] S EREEE S C ca
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'0.2— P
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1 1 1 i 1 1 1 1 1 1 1 1 1 1
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— Systematic Errors

[tem —error  4-error
Vertexing —0.030 +0.030
Flavor tag —0.026 +0.024
Response Function —0.019 +40.022
Background fraction (K7p) —0.015 +0.014
Physics (75, Amg, J/19pK* polarization) —0.008 +40.006
Background (non Kjy) —0.006 +0.007
Background shape —0.002 +0.002
Total —0.048 +40.048
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— sin 2(¢y + gy P) 1 Ks

B —>JWKs

. S - S

u,d W C

g \<
< u, d ¢

Penguin process (b — stiu, sdd)
“tree pollution” (b — uus) expected to be small.

Acp(At) = —ff sin 2(¢] + ngp) SiD(AmdAt)
(for example SUSY GUT motivated model, Moroi, PLB 493 (2000) 366)
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— Reconstruction of n K

140 [
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80 |
60 |
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bb background

o E A —
5.2 5.225 5.25 5.275 52.3

GeV/C
Mb 0

n’K is reconstructed in following sub-modes : n’ — n7w and 77’ — P
Unbinned 2-dimensional likelihood fit is performed

N(prrKt) = 78.015°
N(pyKT) = 152+14
N(npnnKg) = 27.7J_r§:§
N(pvKs) = 455173

Confirm the Br larger than theoretical expectation (found by CLEO) :
(79713 £9) x 1076
(55718 £8) x 1076

[PLB with 10.4fb™]
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cp - , !
— B lifetime measurement for n Kg

Perform the B lifetime using respectively 230 n’K + and 73 77, Kg

100 r

80 r

40 +

20 r

7(B%) = 1.54731% ps

(PDG : 1.653 £ 0.028 ps)

T(B%) = 1.58%(3 ps
(PDG : 1.548 & 0.032 ps)

a5 |
40 F
35
30
25 |
20
15
10 F

.15 -0 -5 0 E 10 15
Az(rec)/(By),,C ps
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— Test on non-asymmetric sample : n K+

“sin2(¢1 + ¢np)” = 0.1275750

By introducing both sine and

cosine term : e S s | D4
S = 0.11 +0.29 (stat) e e 8 e e
C = —-0.26+0.17 (stat)

o
0
T

Sy

o —— e Sl B
025 [
05 |
075 |
1 :
-8 6 4 2 6 2 4 6 8
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—n,Ks

The CP fit is then performed with 73 n’KS events

sin 2(¢1 + ¢np) = 0.2970 2% (stat) £ 0.07(syst) |

cosine term :

S
C

0.54
0.27—‘_0-55

[J rules out some large phases
for New Physics

[l More stat in near future to
get more constraint

By introducing both sine and

0.12 + 0.32 (stat) +0.07 (syst) -

[y

Asymmetry
]
3
(&}

0.5 |

(stat) +0.07 (syst) oes|

-0.25 |-

-0.5 |
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Non-negligible penguin amplitude (~0.3)

N u N
\\\ d \\ U
W S
Tree u Penguin

= different weak phases in tree and penguin
Cosine term (direct CPV) must be included
—|At|T
(&

D (B—o7nTn At) =

i X (1 +q(1 — 2w)(Ssin(AmAt) 4+ C cos(AmALt)))

For the B — Km background :
—|At|T

4T

€

Prr(B — K a7 ;At) = X (14 q(1 — 2w)(Akr cos(AmAL)))

P(B - 7T+7T_; At) — (f7r7r737r7r + f'KTl‘PK:?T) & tha; + (] — f7r7r — f'Kw)Pbckg
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— Signal yield for B® — ntn~

N(nm) = 73.5 + 13.8 events, (28.4 + 12.5 Kr feed-across)
(more details in coming Huang’s talk about rare decays)

—0.25

T
50 R
40 ;
% - K1t feed across .
CE) o continuum
= | ’
2 S5l { + _
§ ot LN @ |
LIJ T N i S e N a
10 i + E

—0.125 0.00 0.125 0.25
AE [GeV]
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—— K7 and other control samples

N(K*Tn~) = 289.5 + 21.5 events (5.2 + 13.3 7w feed-across)

150

100

50

Ktn— Dtrn~ D*tq~ D*tp~
T5(ps) 1734015 1641005 1.61+005  1.68+0.00
S 0.154+0.24 0.09+0.09 0.134+0.09 —-0.04+0.10
C 0.07+0.17 0.01 £0.06 —-0.03+0.06 —0.10+0.07
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— Asymmetry for Kn

50 -

45

40

35

30

25

20

50

-B°tagging - B%tagging

o+ j » T
A ~ At{ps) At (ps)
- O ) CAt(p)
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— CP fit results for B® — nn

0.38+0.16 0.25

B° tagging B tagging

{

[

L L L L L L L L L L L L L L L L L L
— s — = —22 (@] =4 = S

At(ps)
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— Conclusion

Summary :

[0 New sin 2¢7 with 40% more data :
sin 2¢1 = 0.82 + 0.12(stat) £ 0.05(syst)

0 First measurement of Indirect CPV in B® — 5 Kg (rules out some
large phases from New Physics) :
sin 2(¢1 + dnp) = 0.2975-22 (stat) + 0.07(syst)

[0 Measurement of Indirect CPV in B® — 77~ : indication of penguin
pollution and direct CPV
S = —1.21%7 57 (stat) To15 (syst)
C = +0.94102%(stat) & 0.09(syst)
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— Conclusion

Perspectives :

0 8 millions of BB mesons/month — ~ 90fb~! for this summer
[J Headroom for improvement :

e L — 103 em™2s57! (Add more RF cavities, higher currents)

e new SVD will be installed this summer :
Rbeam pipe — 2.0 —1.5cm
3 — 4 layers
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