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* The CP violation (€P) established within the SM in terms of “charged” weak
currents: r@ _ g
Ww

V2

and 3-gen. quark mixing matrix: Cabibbo-Kobayashi-Maskawa matrix
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Wolfenstein parametrization (/\ = sind, )

— Ve induces P due to an existence of a complex phase ( C (L)) # L)

— unitarity conditions applied on Vex v define a unitarity triangle (UT)
Unitarity triangle CP violation parameters:
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* How can we measure the complex phases, i.e. UT angles?
* Make use of time-dependent analysis and measure the QM interference
between B°-B° mixing and B° decay to a CP eigentstate in time:

iagy _ D(BYAY) = fop) = T(B"(A1) = fer) ,fcp\fcpm
Acr(B0) = TBAH) > for) + (BB = feor) \ / cP \ /
\

Acpcos (AmgAt) + Scp sin (AmgAt)

2ImA T . .
Sop = 40P mixing-induced CP violation (interference between tree & box diagram)
1 + [Aep|? 9

— 2 . . .
_% — direct CP violation (in addition, penguin diagram plays a role in interference)
CP
= o qAj,
At - B%-B°proper time difference ., = Sfcpi%
“fep

Acp =

Amy - B°-B° mass difference

* Measurements presented here:
b— sqg - D1 rela‘red measur'emen‘rs b — wiid —» 02 rela‘red measuremen‘rs
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Measurements at Belle

ccccccc

How to determine

Use asymmetric beam energy — “increase” B decay length —» Az ~ 200um
Produce Y (45) —» BB born in a coherent QM state (C=-1 & Bose statistics):
Bep — B° (B°) at time ¢

Biag — B (B%) at time ¢

Reconstruct B.p — to a final state fcr

Determine the flavour tag of Bi,; in 7 r-bins

At) and which B%/B° decayed to a CP-eigenstate?

signal B

Measure the distance between B decay vertices Az =Preat (= sp
L/\”% wE
rog el Cherenkov ct. | | y
G <z
. / i < I
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WK, detection
14/15 lyr. RPC+Fe

3/4 layer

DSSD

772 x 10° BB pairs collected
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* Motivation forB’ — & B — K°

measurements?

- In contrast o b - ¢Cs (B° — J/UK? ), the modes: b - ulis, b - dds are penguin
diagram dominated (tree is Cabbibo & color suppressed), b — s3s is penguin only:

Alces Vo Vi (Toes + P — P + V VE(PY — P! -
ees) = VaVellas+ B = Fy) + Vgl lFe = 5o) HFAG: b — cGs results
A(uus) = Va V(P — P)) + ViV (Luas + Py — P;)

Asss) = VaVa(Pe— P+ Vy Vi (Pt = P sm(ZB) = sm(2q)1) HEAG
PRELIMINARY
- measurements sensitive to New Physics (NP) PAD 79 (2009)'0?2009 veopeol
BaBar : 0.69 +0.52 £+ 0.04 + 0.07

PRD 80 @'bogc’jﬂzom A A
- Expected parameters within the SM: ESE%B‘J@‘%O(?%’ESS&?)K L A
Eglﬁ 08 f20121 171802 5 0o7H002=001
0 in 24 ST o o
Acp ~ Scp =2 —&f,p 5IN 2¢0 OPAL 8.20 1%+ 0.50,

EPJ C5, 379 [1998) L
' ' (FEF?[l}:S‘I 0?20&'5 (2000) o 07954
- Observing a large difference [Scp — Sy PRD &1, 7281 s  esoorsose

off I f NP LHCb—F’APEH-?O‘IE—OSS : B

( Scp = _gfcp sin )Ol ) — a clear SIQn or Eglﬂﬁ%%(zmzﬁwmm — _—' 00720982008
ﬁgggge : : 0.68+0.02
2 -'1 0 1 2 3
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* Simultaneous 7D unbinned ML fit (B’ — wk§ & B* — wK*(control sample)) to:
= My, AE, Fgpas(LRBBeg), Mar (W — 7717 710), cosbir., At q (B flavour‘)

BO — wI\S
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* Fit results:
) . . . relimi
Branching fraction measurements: Nary resyly
S

B(B" = wK2) = (4.5+04 (stat) & 0.3 (syst)) x 107°
B(B* - wK*%) = (6.840.4 (stat) & 0.4 (syst)) x 107¢

- CP measurement: -

Acp(B° = wK2) = —0.3640.19 (stat) & 0.05 (syst) 400

Scp(BY = wK?) = +0.9140.32 (stat) £ 0.05 (syst)

- First evidence of 2P (3.1 5f -‘

in B® » w K° 0f— o
i 05} & S 22 s

: T % ‘ % 0

30k

Events / [1.875 ps]

20F

10F

— No sign for NP 1 : 22 .
1505 0 05 1 15 75 -

Ace
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* S/Byield = 3D (2D) unbinned ML fit (wherer’ — nrn=& 1 — p"v) to:
L e 0 st
B = K¢ = My, AE. LRpp4 - p’ —

v, n—=taa°

=

% | [] cont. bkg i f\ Alln' d .
ol i o l ecay modes combined
§ |Hl BBbkg. || B I.H.I n ym m
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BD — _nflr,{g = ngS} I:RBB;‘Q{?

This analysis

2007 analysis

g S o[ Wil K 772M BB 534 M BB
= 2F S |EH fake Ky mode Niig Nig

2 £ ol i [k 1 7Ks 2506.3+63.1  1256.6 +£42.1
220 8 W Kr 1041.7 +41.1 478.8 +41.1
=

; 100}

Data reprocessed with new tracking code
— improved reconstruction efficiency

1 1.5 2 06 07 08 09 1

PV (GeV/c) Likelihood
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* At x q CP fit with fixed S/B performed ...

* Fit results:

Acp(B® = /K% = 40.03+0.05 (stat) £ 0.03 (syst)
Scp(B? — /K% = +0.68£0.07 (stat) & 0.03 (syst)

- the world's most precise ZP measurement in
B — ifK°
— presults well consistent with b —)\cc_:s measurements
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* Recent measurements at Belle in b = uud decays:

B’ — 7t7 > tree (T) + penguin (P) diagram dominated
B — p%" - colour suppressed tree (C) (+ penguin (P) diagram dominated)

- penguin contribution can't be ignored ...

up
- both weak and strong phases play a role ... =
d
. . W+
- expected non-zero effect of direct 2P in SM P -
— no clean extraction of single CKM phase _
possible: —— _ d ; d g
Scp ~ sin(2¢9 + 2A09) -
b
How to extract ¢» — combine ww (pp) results L
using isospin analysis ...
(For B — 77 , see Gronau & London PRL 65, 3381, 1990) d FP
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* 7D unbinned ML fit to:

R = e T
T 350F M = O as0f @ e
©  300p | +'| = o - t ) E
§  2s0F 1{% '| = g h ‘2% 5\ E
S 2008 1z\ = = 1505 17, =
S 200 : > LN ) :
P 150%@&#% E 5 1of WU % Pty
g 100 N +/‘}+ E - s0f /// ’ f
"'; 50;- et /%/ﬁlﬂ E - - . I///}}—‘ :
83 2.1..IJ—-I—‘IJ_+ o e Eé % e EE TEn 1, / A L 1 A
g2 _g' e e R A E% _zfrh T S LJr o Ato = th— + Ao, Ao = th— + Aoo
28 spEsEE TR 28 GG OT0 606501015
e W AE (GeV) — combined Belle results:
B(B® — nta™) Y
0 el
This analysis Previous B(B" — m'm)
: ; Bt x| 8-fold
772M BB 534 M BB Aop(B® = w+7) > 0
_ , CP — T -
stg NS%Q ‘SC‘P(BD o T':__'_ﬂ_k_) OmblgUITy
v o ~ 2360 Tt~ 1464 " 5 -
Acp(B® — wm°n°) J
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* Fit results: http://arxiv.org/abs/1302.0551v2
Acp(BY = 7777) = +0.334+0.06 (stat) & 0.03 (syst)
Scp(B’ = ntn7) = —0.64+0.08 (stat) £ 0.03 (syst)
- the world's most precise 2P measurement in B° — 77
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* 6D unbinned ML fit to:

AE. MY M2 cosbiy, cosbiy.

Events / (0.04)

4f

Mormalised
Residuals

2E [ ! TR :_
_EE;:'JI"'T’::"—"E’E_f__'_ i _'_—v—_;_ 1 =T="+" T_g
“E
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- RO p”,u“f B0 s

all non-peaking

— asof 100F 3

b=

S 200f 50
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- A L

gz = :

R e e T S o i

E% o= e I ' 2

58

3

06 08 1
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non-peaking BB

- Dominant background — continuum

2P & angular analysis:

P°r° = not a pure CP state
* longitudinal - CP even
* transversal = mixed

— use angular analysis to
find long. component f,

Isospin analysis = @2
The same procedure as
forB° — =77~ but with
long. component f,_only
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* Fit results: http://arxiv.org/abs/1212.4015v2

B(BY — p°p%) = (1.02 4 0.30 (stat) £ 0.15 (syst)) x 107° - 3.40 significance
L= O.QIfgég (stat) £ 0.13 (syst)

Compared to BaBar (387M BB) & previous Belle (535M BB) results:
— BR consistent with previous results
- f_ differs by 2.10 from BaBar!

Belle:  f;, = 0.217)35 (stat) +0.13 (syst)
BaBar: f; = 0.75701 (stat) & 0.04 (syst)

B(BY — fop®) x B(fo — 7777 ) = (0.86 £ 0.27 (stat) £ 0.14 (syst)) x 107°
- 3.00 significance
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* Isospin analyses = ¢, constraints:

B —nrm 23.8° < 9 < 66.8° _
— excluded @ 10 CL :
Combined: :
BO — mta — —
Bt ;r+;0 } 772M BB pairs used ... N (@)
BY s 7070 275M BB pairs 0 %0 20 15y [
B — pp by = (84.9 £ 12.9)° Ay = (0.0+9.6)° | Dot
£ 0.8
- negligible penguin contribution - small BR(B® - p%?) ‘_3-;;
- 8-fold ambiguity degenerated to 2-fold only 82:
Combined: 33
BY — %% 772M E§ pairs used ... 0-32—
B* — ,oipﬂ 85M BB pairs 0 420 150 180
B — p*p~  535M (275M) BB pairs 9, ©)
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* 2 new measurements of time-dependent P in b - qgs transitions:
~ First evidence of 2P in B° — wKY :
Scp(BY — wKY) = +0.9140.32 (stat) £0.05 (syst)

- The world's most precise measurement of B(B" — wK¢) and B(B* — wk™)

~ The world's most precise measurement of 2P in B° — 1/ K°
Sep(BY = /K% = +0.684+0.07 (stat) 4 0.03 (syst)

* 2 recent measurements providing new constraints on ¢»

- The world's most precise measurement of 2P in B° — 777~
Acp(B = 7tn7) = +0.33 £0.06 (stat) &+ 0.03 (syst)
Sep(BY = mtn7) = —0.6440.08 (stat) £ 0.03 (syst)

— excluded 23.8° < ¢ < 66.8° @ 1o CL using isospin analysis

- Measurement of | B(B" — pp%) = (1.02 £ 0.30 (stat) £ 0.15 (syst)) x 107°

, extracted

®2 using isospin analysis: @2 = (84.9 £12.9)°& Agy = (0.0 + 9.6)° - penguin negligible

- First evidence of B — fyp"
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Superconducting
cavities (HER)

* Operated at KEKB collider (1999-2010)

* KEKB - asymmetric ¢7¢™ collider
- 350n8.06eV ( Gy =0425)
- 772 x 10° BB pairs data sample accumulated |
- Peak luminosity (world record) 2.1 x 10%* cm®s™ =0

Csl Calorimeter

Time of Flight

ARES copper
cavities (HER)

8GeV e- & 3GeV e+ >

Qg o target |

Si Vix Detector

3/4 layer DSSD

..............

Aerogel Cherenkov ct.
n=1.015~1.030

% Drift Chamber
. | small cell He/C;Hg

WEy detection
14/15 lyr. RPC+Fe

=1ab™"

| Om resOmance:

Y(68): 121 !

1 Y(45): 711 &

1 Yias;: 3m™

| rizs): 4@
Y| riis6m!
. O reson./scan

~ 100 !

~ 550 !
Om resonance;
Fi45): 433 b

1 ¥i3s)h 30 m™
1 rizsh 14 b
1 T resonanc ]
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