*Bo%->*m and CP asymme’rry in CKM
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Measurement of CP asymmetry in BO->mm
Interpretation vis-a-vis CKM

*Future
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BO-> 7+ 7t~ involves ¢, (o) of CKM: o
CKM: matrix of W-quark couplings - 3x3, unitary AT
One condition of unitarity: Mub*_ud+ 1+ M’rb*_’rd -0

Vc bI Vcd Vc ijcd
-(p+m) ~(1-p-n)
1o (pm)

Represented in
complex plane as
"unitarity triangle"

0.0 1.0 !
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BO->m+m- s

2 paths, each w/wo mixing: <\

T ' (I) _arng 1'd tb

ree Penguin 2 V.V,
d__— "}t Wrﬁ' 1-0( (pm)
u ~_ \Vhg Vi

Té}ﬂ_ D *W \d }T[_ ViV, Vcdv{': E
aVyp Vig Vi Vig VoVof

— - = d

d L b W}t e

o |t Fﬂ\\\} mixing* 0.0 1o
- . ) +1if By_g= BY

Vi VeV Vor Vi vadzvfbvfd/q o e

Bottom line: CP-asymmetric time-dependentrate from x-terms

dN
dt

—(B — fop) = ;F _FAt(l + q | Arrcos(AmAL) +Syrsin( AmAL)|)

"direct" asym/
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Uncertainty: relative amplitudes of Tree, Penguin  |emg

. ) o
- if T dominates, A_=0,S_=sin2¢, —
- if P, T comparable, A_20, S__~sin(2¢,+20) 2/(|k|2+1)
o o A 1
irect CP violation difference of 41 |f direct CP

strong phase  yjolation

Previous Belle result {PRL 89, 071801 (2002)} (42 fb! ~45M B pairs)

S _=-121 +0.38+0.16 Now:
-0.27-0.13 - more data - 78 fb!
- +0.94+0.25+0.09 * improved analysis - tracking,
o -0.31-0.09 At resolution, event selection
Each 2.90 from zero: » statistical analysis
note physical region is (total 126 fb1, ~1.3x108 B events)

\Sor+ A2p <1
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As with sin2¢, via J/ypK:

! )
! 1
T

G (¢'e” — Hadrons)(nb)

5t X R ‘r"‘-,\. :
[ Lok S G SO Y2 L R SR
CY(S) | Y2S)  YGS) | "}T(élS) B * reconstruct CP mOde
8.41‘1- | 59.46H ‘IO.OIQII‘O.O‘Z‘ | ‘1‘0.3‘4‘ | Il‘0.3"7‘ I1I0.5‘4‘ B II‘O.S‘S‘ o ‘1‘0.6‘2 ° fl
Mass (GeV/e) BB threshold 1'09 avor

* reconstruct vertices
‘[Linbinned max.

mode likelihood fit to At
t=At

At by asymmetric ete” -> (4S) {By = 0.425}
t=0!

AZRAtByC |
-~ ~200 ym

R
(45) °1}
sery first B decay

conserved (t=0), break CP
DPF, April 5, 2003 n

flavor tag @1=0: e, y, K¢, ...



Belle detector P

Charged tracking/vertexing

- SVD: 3-layer DSSD Si pstrip
- CDC: 50 layers (He-ethane)
Hadron identification

- CDC: dE/dx

- TOF: time-of-flight v

- ACC: Threshold Cerenkov| PO herogel
Electron/photon **‘c—\ cs

- ECL: CsI calorimeter S < \ :ﬁrz;nducﬁng
Muon/KL “t Al

- KLM: Resistive plate counter/iron >

DPF, April 5, 2003 n '
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We present a measurement of the standard model CP violation parameter sin2é, (also known as
sin2/3) based on a 10.5 fb ! data sample collected at the Y{45) resonance with the Belle detector at the
KEKB asymmetric ¢*e™ collider. One neutral B meson is reconstructed in the J /¢ K, $(28)Ks, xa1 Ks,
neKs. J/UK,, or J/drm® CP-eigenstate decay channel and the flavor of the accompanying B meson is
identified from its charged particle decay products. From the asymmetry in the distribution of the time

interval between the two B-meson decay points, we determine sin2¢, = 0.58%((stat) “{ % (syst).

DOI: 10.1103/PhysRevLett.86.2509 PACS numbers: 1130 Er, 12.15Hh, 1325 Hw
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BO-> 7t * 7t~ reconstruction S

final selection: ‘=

AE =E* . ng=E* beqm: 0£0.057 GeV(E*,,,.=s /2/2) {Km shift -45 MeV}

beam

My, =(E* Leam®=P™ cand® )2+ 5.271 -5.287 GeV/c2(Beam-constrained)
.. but less clean than B%->J /yK:
* "physics bg" B->K* 7t~ => hadron ID, kinematics
dE/dx, TOF, Aerogel — “positive ID” ¢,=91%, ¢,=10%
» continuum => event shape {qq "jet-like" vs BB "spherical”)

Fisher discriminant from modified Fox-Wolfram moments
B candidate direction relative to beam axis

Construct Likelihood ratio LR=Lgp/[Lgp*L,]. 2 selections:
LR > 0825 {838:530/0, Sqq:5o/o}
0.825 > LR > LR, (cut depends on flavor tag classification)

DPF, April 5, 2003 !



760 in signal box - 391 BY, 369 B°

BELLE

S=STE

140

——Total --- Km - (b)
wr—-Trectoy| =120 %
=== 04 D

= (a)

LR>0.825 © 80

N
II-||III|III|III|III.'III

0.825>LR>LR, ;.

) 1 ST T n.|.’nu’»%\.m?.|..|.

-0.2 0 0.2 0.4 -0.2

0.2 0.4

AE (GeV) AE (GeV)
nm:106+16 : 5748
kmatsto 1 0Tal signal 163+24 755
qq:128+6 qq:406+17
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Flavor tagging: same as for sin2¢,

or TU 1= hlgh"p IepTOn (p*>11 Ge\/); b->|- PESE
[VT[ [%7 # net K charge b->K AT
b .~c.~ s _ ® medium-p lepton, b->c-> I*
DMvDO K- 5 SOfT T b—>C{D*+_>DOn-+}
™ # hard ™ b->{c}mX

* multidimensional likelihood, €299%

* wrong-tag fraction w

expected w (MC) - 6 bins.
(B® mixing amplitude in data) =>
- effective efficiency

o
W

OF-SF)/ (OF+SF)
o
|57 I

= g(1-2w): net (28.8:0.5)% ~ *°

-0.5¢

0.5¢
o=—=—=

classify events based on 0.5/

0 5 10

_|_

At(PSS)
mixing amplit
DPF, April
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entries / 0.8ps

Az vertex reconstruction: same as for sin2¢,

Exp S PFun 272 Farm i
Eher B.00 Eler 550 Tus Now 15 23212208 1906

10

RN

‘l/ '@‘Ells' 5

-20

Resolution function:

. BO>Drw, D™n, D™p, yqlidate via lifetime
© JKg, JpK*O

<= Tro - 1551i0018 pS
(PDGO2: 1542+0.016)

DPF, April 5, 2003 n



-10

Bon'm

Tro - 142i014 pS

(PDGOR: 1.542+0.016)

BO->K*m~ mixing
. tAmg = 0.55+0.07 ps!
03 £ (PDG0O2: 0.489+0.008)

L ]

P4t FiTted bg agrees w sideb

<

-8

-6

4

-2

0
At (ps)

2

4

6

8

10 -0.3 —

L P - lisay leaifiecpony
3 b33 10 12

At (ps)
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Check for flavor bias o

Look where zero asymmetry expected: A
.. 04 £ (a) qq (sideband)
g R . ey
g‘-oz -

04F R
- 04 F (b) Non-CP sample
: L : , o —+1"5:'=-0.045:0.033
Foz2f "A .= -0.015+£0.022

04F .
> ME)
e Sy.= -0.03+0.11
gozt | A= +0.08:0.16

| 5 0 5

DPF, April 5, 2003 n



Fitting for CP asymmetry e

Same technique as with sin2¢, ‘s

* unbinned maximum likelihood fit

* resolution function event-by-event: tracking, misreconstruction,
physics, approximation of At=Az/fyc

* wrong tag fraction w, backgrounds

Fit for A S

TUTT!
root

dN 1
g7 ——(B — fop) = 2F _FAt(l + q - [Argrcos(AmAL) +Syrsin( AmAL)|)

Diluted AN 1
—— (A = ife_rm[l + (1 — 2w;)(Ssin(AmAL) + Acos(AmAt))]

dt
+Km (set Ay, = 0)

ddjj (Atgy) = %FB‘WH £ (1 = 2wi) (Acreos(AmAt))]

+resolution + bg
DPF, April 5, 2003 n-



Fit Results

Events/(1.25ps)

Id

T yie

+

Asymmetry

60

40 |

display At projection (78 fb! ~85M B pairs)

20 |

- (a) g = +1 _—Eft@' E': 60 ;—(b)q=—‘|
- qq + Kn Y a0 f
' e
0
-5 0 5
At (ps)

Background

L -
i mn T P g e
., TTnneeis
L 1 ]

Likelihood not parabolic
-> statistical errors
estimated numerically

subtracted via MC ensemble

+0.08
raw STtTt- “1.2310.41_007
asymmetry

A= +0.77+0.27+0.08

(stat) (sys)

still outside physical region => investigate ...
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Fit Results: statistical analysis <£2

* MC ensemble - 30k expts, 760 events ea, A, =0569, S, =-0.822 (B
probability of being outside physical boundary =60.1%

. 5 Ha) o
" further (in o) from (0,0)=16.6% g’
| S s e g,
3 |- [
3 = 0
: -0.5 /
It = Th e
ALl LAy S
| check lmear'lty:/ ° " Ann (inplit)
; generated ’
sl vs fitted A, Sy ~
] ' T ' _ c,‘? 0'
-1 __..-.T_..:," _,-: ‘ . -J-..4 b /
| L, T T R R Y e P S ST S S S S S | ST Y Y N Y- B
=3 — = 0 1 2 S (input)

STTT(
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Confidence regions o>
« Feldman-Cousins frequentist approach. ““C“"E
O

« Acceptance regions from MC ensembles.
« Systematic errors included.
« Confidence Level (CL) calculated at each point.

5 CL at (0,0) = 0.9993 } interpret as evidence for

| ~ (3.4¢)V CP non-conservation in BO->mrm
_n 5. CL at(sm2¢1 0)=0.981
- ; L0999 | 2 25 \} hint of direct
CP non-conservation

-1 -0.5 0 0.5 i
S |
DPF, April 5, 2003



Constraints on the CKM angle ¢ >

S, .. A, depend on 4 parameters:
¢, §[21.3°-25.9°], |P/T|[0.15-0.45], &
-> plot confidence contours in (¢,, 8)for various |P/T|

e.g- P/T|=O.3 Find: lelle +1c "
160 ¢ ¢, =23.5° 78°< ¢, < 152° :
e N - -
140 | S
(I \J X (95% C.L.) >
- \CL=0.683 } . ..
o] N7, Insensitive to o
80 : NCL=0.95% AMg
60; C=0.9973 /
“L From other CKM (CKM fitter group, 2002):

20

150100500 TS0 S0 78 3o< ¢y < 121.6° (95% C.L.)

0
=> consistent
DPF, April 5, 2003 H



<[>
Summar e

Belle, 2000-2: A

* peak L= 9.5x1033cm?s! - nearly at design (1x1034cm=—2s1)
» passed 100 fb! in Oct. 2002
- with 78 fb-lon (4S), sensitive to large values of sin2¢,
* measure CP asym in BO->7* -
constraints on ¢,, consistent with other CKM constraints.
hint of direct CP non-conservation
result submitted to PRD.

Next
+ ->150 fb! by summer, 500 fb-! by 2005
* Luminosity >@ design

» the CP challenge: stay tuned on ¢,
DPF, AprilH





