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Introduction



Kobayashl -Maskawa (KM) Model

e K and M proposed...
e For CP, quarks have to have

three generations. Unitarity triangle
e Anirreducible complex

phase in quark mixing  VyqVip +VeaVep +VigVp =0
matrix violates CP.
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CKM triangle and ¢,

e Why ¢, Is important?
e UT triangle closure = an important SM test.

e Current constraints 3))1 =
=
¢1:(21i1)o (j)Z:y

¢2 — (93:%1) 7
¢3 — (GOJ—FSE) 7 .
G¢2 >> G¢1 """"""""
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Vu qud

Provided by CKM fitter
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CKM triangle and ¢,(o)
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CKM triangle and ¢,(o)
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An example: B’ rntr(ptp)

\— CP eigenstate




Determination of At and g,

B’s are boosted
- At Is measured from vertex positions

[
I
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3.5GeV IR0 |
( ) IB \K_
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AZ~200um b
B's are entangled
- flavor of B, at time t, Is determined by B, decay




Time-dependent CPV analysis

e The case of B> n'n-
A=AB°’ > 77")
A=AB° > z'7")

Direct CP Violation
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from vertex
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cos AmATL

. |m(e‘2“"1 A*K)sin AmAt]

‘Tag side B flavor‘
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~ Sin 24,
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Why B2 pn?

e B%>nr, pp has discrete ambiguity
e Only sin2¢, iIs measured

e B> pn has a potential to solve the
ambiguity.
e In addition to sin2¢,, Cos2¢, IS measured.

e Ambiguity from QCD is dependent on mode
e |tis valuable to measure with various mode.




Snyder & Quinn
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How to identify p*: Dalitz plot
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B ..
Dalitz plot dependent amplitudes

At = A(BO N p+7r_) A+ — e—zi@A(go N ,0+77_)

A =AB°’ > p7") -

A’ = A(B® > p°2°)

Kinematics (Dalitz plot)

|

A (s,,s)=f A +f A +fA

e A, (s,,s)=f A +f A +fA°
N

Complex amplitudes to be determined




Time- and Dalitz- dependence

Time-dependence in terms of A5 _

Direct CP violation effect

g /
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Experimental apparatus
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KEKB accelerator
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Belle Detector
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Analysis



I
Analysis procedure

e Event selection

e Vertexing & Flavor Tagging

e Unbinned Maximum Likelihood Fit
® (¢, extraction




I
Analysis procedure

e Event selection

e Vertexing & Flavor Tagging

e Unbinned Maximum Likelihood Fit
® ¢, extraction
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Event selection

e Event (B> nnn) reconstructlon

e 70 reconstruction \/ Epeam — Ps
AE:EB—E

beam

e PID (K/mt separation)
e Continuum suppression (event shape)




Dalitz Veto

e Consider the e
“contaminatign’

s, (GeV?)

Still the p” and p” enters into the mass window
- Systematic error



Event Reconstruction

0971+ 42 B> ntrnO
candidates
e Efficiency ~10%
e Purity ~30%

e Other components

e SCF (Incorrectly
reconstructed signal)
~5%

e Continuum (gq) ~57%

e Other B decay ~8%
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Analysis procedure

e Event selection

e Vertexing & Flavor Tagging

e Unbinned Maximum Likelihood Fit
® ¢, extraction




Vertexing and Flavor Tagging

B’s are boosted Y\ o
: o «
—> At Is measured from vertex positions -
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B's are entangled

- flavor of B, at time t, Is determined by B, decay




Vertexing: Detector
Silicon Vertex Detector (SVD)
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Vertexing: Resolution

Measured At is smeared by resolution
o, ~ 60um (CP side)
o, ~120um

Smeared by
detector resolution ]
B3,

0 . .
4 6 4 2 0 2 4 6 8§

P(At) P(At) ® R(At)




Flavor Tagging: Algorithm

Likelihood composed of Tag side B information

- I+

SAUSIL i‘ primary lepton Z‘ secondary lepton
—_— Wj.” v W:';.o vV

RO " High r
" - i - Low ¢
Kaons . W Middle r
50 K= High ¢
b C S

_ Low ¢
BO D*+ DO

3 c_i\\J r: Quality

" e: Efficiency
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Flavor Tagging: Calibration

Coqtrol sample

e Wrong tag fraction is

. 1¢
“ .’ . . ;Wé@rét - E_ 0.25<r=0.5
“measured” using B°- Aol ! P
0 iy ﬁ-o.5§— | | -o.5§— | |
B" mixing. _ L= o 5 10 15 '0 5 10 15
e Real amplitude of i
mixing is known to be £
unity. .
e Observed amplitude g

corresponds to
dilution due to wrong

tagging.
o Effective tagging
efficiency ~30%. BO-BO mixing in each
tagging quality (r) region
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Analysis procedure

e Event selection

e Vertexing & Flavor Tagging

e Unbinned Maximum Likelihood Fit
® (¢, extraction




Unbinned Maximum Likelihood fit

e Likelihood function L
= HP(AE M ;S,,S_; At, Qg T)
Index over events
e Event-by-Event PDF P
P(AE,M,;s,,S_;At, Q. T)
= (1— qu—fBB)P +f P+ fuPa

B

Signal | Other B decays
Continuum




Signal PDF
Dalitz plot dependent
P(S,,S_;At, Gy, T) //\
Atz ( . -
== L\Asﬂ\ A g (A -|A,

47,
+ Oggg * 2 Im(e‘ml A A, )sin AmAt]

2 )cos AMAL

Dilution due to miss-tagging
IS taken account Resolution function

\

Py = P(AE, M,)-B(5,,5 1 AL, G 1) ® R(AL
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Quinn & Silva (2000)

26(27) parameters to be fitted

e Signal PDF Is a
product of At and

Dalitz: 9 functions

2

Dalitz PDF o
At: 3 functions
Re[p” <> p7] _|2
_| At/
e M i op1 P

—‘At‘/f
e COS(AmAL) Relo* <5 ] Relp < p°] ‘ 0‘2
e " sin(AmAL) || 'mlp" © 2’1 Imlp” o p°]

Signal PDF: linear combination of 3x9 = 27 functions
Coefficients of them are fit parameters
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Quasi-Two-Body Parameters

e Using the information of non-interfering
parameters alone.

e Dominant systematic error is from potential
B> ntnn’ (prt) BG.

Dalitz: 9 functions

—+

Jo,
At: 3 functions Rep" <]
(T Imp" &>/]

e_‘At\/r COS(AmAt) Rep' (—),00] Repp <_>,00]
£_‘At‘/r SIn(AmAt) Imp* (_)po] Imp™ <_)IO0]
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Fit result: Mass and Helicity

Projections of Dalitz plot
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Events/ps Events/ps

BG subtracted asym.
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Fit result: At distribution
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Direct CP violation: A+ and A

" T(B” > pn7)-T(B” > p'n7)
I'(B°—> p z")+I(B° - p'7n7)

AT

. (B> p7n7)-T(B°— px*)
IF'(B°—> p'z )+I(B° - p 7")

A-

Calculated from Q2B parameters
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CP _ p CP
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Quasi-Two-Body: Direct CPV

A" =+0.21+0.08+0.04
A" =+0.08+£0.17+0.11

Correlation; +0.47
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DCPV Confidence Level ~2.3c




Quasi-Two-Body: B pr’
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O, (o) extraction
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Dalitz + Isospin Analysis

e Uses both interfering and non-interfering
parameters.

e In particular, interfering parameters play
Important roles.

e Primary systematic error Dalitz: 9 functions

2

e radial excitations (p’ and p”) ol
At: 3 functions Rep' <50 ] 2
e—\At\/r Imp" o] "0‘

e """ cos(AMAL) | Rep™ 4] Rep o]

02
e M’ sin(amAt) | 'mE" <] Imbr /] d
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e Our result
e Charged mode info.

obtain:
® 0<¢,<5°
® 23°<¢,<34°
® 68°<(),<95°
e 109°<¢,<180

¢ As allowed region, we

g

—

Dalitz + Isospin Analysis: Result

e Combined analysis of

‘- -
o

C.L.=68.3%

¢, (degrees)

150 180
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Combined analysis

e Gluon penguin contribution iIs mode
dependent

e

e Addition of B’>nr, pp, pw
—>Decrease the uncertainty from penguin




I
WA (B> nm, pp) + our result

e We obtain 83<¢,<95 (deg.) at 68.3%C.L.

e Our measurement of B> pn improves the
constraint on ¢..

e To solve the ambiguity, we need more data.

i-C.L.
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Comparison with Global fit
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Conclusion

B->pn time-dependent Dalitz plot analysis

e Potential capability of killing discrete ambiguity
solution.

e Very interesting, but a complex analysis.
We perform the analysis with 449M BB data
collected at Belle/KEKB

e |ndication of direct CP violation

e First measurement of Sy,

Constraint on ¢,
e Our pr analysis: 68<¢,<95 (deg.)
e Combined nrt, pp, and our pr: 83<9,<95 (deg.)
e Consistent with the expectation from other

measurements.
hep-ex/0701015
Accepted by PRL
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