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Cabibbo-Kobayashi-Maskawa (CKM) matrix “V77
— Fundamental in Standard Model (SM)

— Four parameters (f19,013,023, ¢ — A, A p.n)

— Source of C'F violation in SM

Testing the SM — V' is unitary 3 x 3 matrix in SM
— Additional generations can make non-unitary

— Can test unitarity relations with measurements of magnitudes and /or
phases

New physics can show up in loops, often at same order as SM graphs

— Look for differences among quantities that should be the same in

SM, or for deviations from SM predictions



CKM matrix and Unitarity Triangle

Wolfenstein parameterization:
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The “normalized” Unitarity Triangle
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apply unitarity constraint to i ar p~ —ar a=n—-pF-y

these two columns

Orders of magnitude for V..V

Wolfenstein parameters: v y" vy
o Sl cd” cb

A%022, A~0.8, +p’+n°=~04 V,=4A, V,=V,~1




Tree vs Loop
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Tree measurements Loop measurements
(SM: phase and size of V,;;,) (SM: phase and size of V;;)

© Tree measurements free from NP contributions (¢s and |V ,;]),
Loop measurements may be affected by NP (¢, and [V;4])

© Experimental precision: ¢1 > @2 > @3, |Vl > Vil [Vl
Theoretical cleanness: (3 > @1 > @2 > [Vp| > [V, [V



Heavy Flavor Dataset

' I - LHCb Integrated Luminosity at 3.5 TeV inf2011
Integrated Luminosity[fb™]
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0! . | 2011: 1.0 fb'' @ Vs = 7 GeV
1998 2000 2002 2004 2006 2008 2010 2012 2012: Expect 1.5 fb'l@ Vg = 8 GeV

® Belle+BaBar total 1240 M BB + (even more) charm + 7
BaBar (1999-2008) > 500 fb~!, Belle (1999-2010) > 1000 fb™!

® LHCb 1.0 fb~! (2011) + 0.6 fb~! (2012 June) + more to come
already surpassing Belle/BaBar in all charged track final state modes

© Other players: CLEO(-c), BESIII, CDF, DO, ATLAS, CMS, ..,
and averaging / fitting groups: HFAG, CKMfitter, UTTit, ...



Angles and CPV



Time-dependent CPV measurements

Beautiful experimental setup
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sin(2¢,) from B = J/y Kq

Belle 772 M BE PRL 108, 171802 (2012)
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@® Belle’s final data sample (772 M BB) (BaBar’s look very similar)

@® Golden mode (B — |/ zT-‘rKg) (only good flavor-tag sample shown)

—Cy)



¢,/ from b — ccs : status
® More modes added: (25)K?, x1Ke, J/¢K, ...

® sin2¢; = 0.68 + 0.02, pIlcNPAREIRI M (2-fold ambiguity resolved)
Af =-0.005 £ 0.017 (consistent with 0 at <2%)
@ Still statistics limited! = homework for Belle 11/SuperB

=

= In(2p) = sin(2
B —_ (Ijl Moriond 2012 Sln( B) —_ Sln( (IJI) Moriond 2012
PRELIMINARY PRELIMIMNARY
= BaBar ; ! E 0.69+0.03 +0.01
o PRD 79 (2009):072008 ;
T BaBar y_, K<t 0.69+0.52+0.04 £0.07
s PRD 80 (200g): 112001
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¢,/o. and penguins
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Srn = V1 = A2, sin 265, where ¢S = (¢, + «) is not ¢,

@ Isospin analysis [Gronau-London PRLE5,3381(1990)]

Relations with Bt — n*n" and B” — =’n"
(same for B — pp after resolving polarization) ¢ ‘

(ﬂl{ ﬂ"‘t‘:) V

|sospin breaking effects are small (~ 2°) _
[EW penguins, m, # mg, 7 —n'") mixing] Al %) = A=)
® Time-dependent Dalitz analysis [Snyder-Quinn PRD48,2139(1993)]
B’ — n*tn~r=" contains ptr~, p~rt, pPnY and their interferences
¢/« directly determined, pinﬂ and p”n+ for further improvement




LHCb
Preliminary
=T TeV
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Tagging eff = (2.3 £ 0.1%)
(& e ~ 30% at Belle/BaBar)
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= AMX = 0.56 + 0.17 + 0.03
= Adr = 0,11+ 0.21 + 0.03

... First significant (3.20) mixing-induced
w1 PV measurement at a hadron collider



d,/o from b — uud : status
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Multifold ambiguity solved by combination of ntir, pr and pp
= Consistent solution exists, pp bound is most stringent

Many Belle's / some BaBar's results yet to be updated to the full
statistics, LHCb will further improve &, and A,

Further ¢,/a related measurements are homework for Belle |l/SuperB



Measurement of ¢,/y In B— DK decays

B~ — DK | B~ — DYK—:

Lo u K-
‘ |

A~ VpVE ~ AX3 A~ Vi VE ~ AN (p — i)

If D° and D° decay into the same final state: |D) = |D®) + re’®[D°)
Relative phase in BT — DK™: 6 = +¢3 + 05
B™ = DK™: 0=—¢3+ &

Ratio of the two amplitudes:

- |A(B~ — D°K™) Vi V2
r = AB = DUK_)' VoV x [Color supp] ~ 0.1




» Several choices of the D decays

(Gronau, London, and Wyler)

— D=2>KK, rur, K, Kb, Kow, ...

— D=2Km
— D=2K

Dunietz, and Soni)

(Atwood,

KK, ...

Krt©
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(Bondar, Giri, Grossman, Soffer, and Zupan)
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Dalitz analysis of D decays from B -~ DK

Use BT — DK™ modes with 3- body decay D — Kdntn~.
Dalitz plot density: doi(m3, m?) ~ |Mx|?dm?.dm?

‘M:I:(mi:' m2_)‘2 — fD(m—%—:‘ m%) + remgif@gfﬁ(mz—: mi)F
2
_ : n ref&g:l:.frj}g
N —

D® — K27t 7~ amplitude fp is extracted from continuum (D** — Dr¥),
parametrized as a set of two-body amplitudes.

Only |fp|? is observable = Model dependence as a result .

Latest Belle result: ¢3 = [787 13 & 4(syst) & Q(model)] (605 fb—1)

rg = 0.16 + 0.04 + 0.01(syst) oo (model)
Model error would dominate precise measurements at Super B factories.



Solution: use binned Dalitz plot and deal
with numbers of events In bins

£ i>0 jg
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mﬂu-(::r: (GevZich)

xt = rgcos(dp £ ¢3) y+ = rgsin(dp * ¢3)

=]
in

M,-i: numbers of events in D — ng+ﬂ_ bins from B* — DK=
K:: numbers of events in bins of flavor D° — K§W+?r_ from D* — D,
c;, s; contain information about strong phase difference between symmetric

: : 2 2 2 2 :
Dalitz plot points (ngﬂ—l_j mKEW_) and (ngrr—’ mK§w+)'

c; = (cosAdp), s;j=(sinAdp)



Obtaining ¢;, S;

Coefficients ¢, s; can be obtained in @'L*(3T?Q — DD decays.
Use quantum correlations between D° and D°.

o If both D decay to K27+, the number of events
in i-th bin of D; — K27+~ and j-th bin of D, — K277~ is

Mj = KiK—j + K_iK; — 2\/K;K_;K;K_j(c,‘c_f | S;Ej).
— constrain ¢; and s;.

@ |f one D decays to a CP eigenstate, the number of events in i-th bin
of another D — KZntm~ is

M, =K+ K_;, £2/K,K_jc;.
—- constrain c¢;.

c;, s; measurement has been done by CLEO and can be done in future at

BES-III.



CLEO measurement of ¢, s;

Binned analysis reduces stat. precision. B
Can improve this by choosing a binning inspired by D° — KSD?T+7T_ model.
[CLEO collaboration, PRD 82, 112006 (2010)]
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o Measured ¢;, s; values and
Optimized D° — KZmt 7~ binning predictions by Belle model
using BaBar 2008 measurement.

Optimal binning depends on model, but ¢3 does not.

Bad model = worse precision, but no bias!



Results of ¢,/y measurement

_ . _ _ _ _ . Accepted to Phys.Rev.D
Simultaneous fit to signal selection variables in all bins 1arxiy:1204.6561]

Free parameters: (x,y), normalization, background fractions in bins.
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% i, (degrees) i, (degrees)
x_ = 40.095 +0.045 £ 0.014 + 0.017
_ +0.053 .
y— =+0.137"557 £0.019 £ 0.029 d3 = (7731—133 + 4.2 + 4_3)@
corr(x_,y_) = —0.315
rg = 0.145 £ 0.030 + 0.011 £ 0.011
x4y = —0.110£0.043 £ 0.014 £ 0.016
Y4 = —0.050+2952 1 0,011 +0.021 op = (129.9 £15.0 £3.9+ 4.7)°

corr(x4, y+) = +0.059
Ist error is statistical, 2nd — systematic, 3rd — ¢;, s; precision.
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CPV Results
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sample with 2011 data of 1fb-!, but less background

LHCDb prospects for ¢,: half statistics of Belle’s
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Study weak interaction

2 Complementary approaches V|, [Vl
using different theoretical tools,

and different experimental b \
signatures. &

— Crucial independent B .ﬁ%ﬁ 6

consistency check. d ‘ / S

Study strong interaction
“Structure of the B meson”

Inclusive: F(B — XEEU) ‘V:::b|2[[1 + Aew]AnanertApert}

. 3
sum over all hadron final states N 192 , N p

heavy quark symmetry) hd Y.
( Y q Y Y free quark decay QCD corrections

. dl'(B — mlv) G%‘ 2 3 212
Exclusive: A7 = 54r2 | Vs p‘{ | F+ (g )L

P
B — & form factor (lattice QCN)



' ' ' B(BY — 7 (*y) = (1.49 £ 0.00 £ 0.07) x 10~
“het r gy B(B* — 7°0+1;) = (0.80 4 0.08 + 0.04) x 10~
e B(B" — p~(*y) = (317 4+ 0.27 £ 0.18) x 10~
Tl oy B(B* — p'l* ) = (1.86 + 0.10 £ 0.09) x 10~
e B(BT — wity) = (1.09 £ 0.16 + 0.08) x 10~
Pl e 5T BB = T y) = (042 £ 0.12 £ 0.05) x 104
.-’3' . '_pt:_ui B(BT — ”;E ") < 0.57 x 10 L@ 90%CL.
wlv 22, .
oty L [Belle Preliminary Results]
ar H: m ta
'ty H——e Belle Hadron tag(2007 —> Significantly improved branching
:} . ]' ' ratios compared to the past results.
0

2
B(B — hfv) x 10*




HFAG Incl R

AL Fange 1 a0FR) ® Alncl.~6% (1from 18% in 2004)
e  DTaes0fes AExcl.~10%

e Belle#ﬁ*‘ D-'-'-'?ifi" Up to 2-3 o difference between

GGOU:p >1.0 GeV
TP WA:4.39 = 0.15°02 Excl.-Incl.
T i

GGEOU: HFAG EQOF201

Inclusive

HFAG Excl. Range
| | |
| o

Babar3.44 = 0.10

Untagged, LCSR
Belle:3.44 « 010407

=034

Untagged, LCSR

L el Belle:3.38 = 0.14°50%
. tagged, LCSR
WA:3.40 = 0.075 5

HFAG EOF2011 LCER
® | WA:3.30 = 0.30
HFAG EOF2011 Global Fit

Exclusive

I—— TR R

=

$E ey Urmmow

ﬁJ ] | L 11 1 | L1 1 1 | I | | L 11 1 | L 11 1
3 35 4 45 5 55 6

LCSR: Khodjamiran etal. g? <12 GGEOU: Gambine et al. IV bl x 103
u

PRD 83:084031 (2011) JHEP 0710058 (2007)



Viand B— tv

Purely leptonic decay, proportional to f;|V,;[* (in SM)
or sensitive to charged Higgs (in type-Il 2HDM)

However, fp Is not precisely known (only from Lattice)

Instead, more reliable constraint from An; and other CKM
(and no more direct constraint to |V ,,;|)

. p-value
':]30 _-1Iu-ul LI | LI | LI | IIIIIIII i 1':}
atlly — CKM fit w/o BF‘EJ:B —+ T ";':I
fitter . i . 0.3
Summer 11 —— Measurements (WA) 0.25 - _
B . 0.8
1“ _I | I [ I | LI | LI | LI | LI | LI | LI | LI | LI I_ UEU :_ __ D?’
el | \ HFAG 2011 1 ©® 1 Hos
: B(B* - +v) 1 esf 1 8.
g D& — 1T B C ]
s = (1.67 + 0.30) x 10" [EEE-TNN: 1B
& g4 b ] F B 0.2
0.2 : | | 1 0.05 |- . "
3 Jj ] i 1 M
ﬂﬂ -I 1 1 1 | 1 1 Ll | I L1 1 I Ll | I L1 1 I L1 | I L1 1 I 11 I- n{m _| PR SN T [N T T N W N TN TN T S N WO WO TN T AN WO W |_ D'ﬂ
06 0.8 1.0 1.2 1.4 1.6 1.4 20 2.2 2.4 05 0.4 07 08 0. 1.0
BR(B — tv) x 10° sin 24,

status before ICHEP: 2.80 tension in direct vs indirect B* — v



New Babar’s results B — tv

® Finalized the previous
preliminary result using >
hadronic-tag (468M BB) s 300

150¢

\ ’ =2
®
- 2200
N 18 K- Z C
, ‘fi45'l',.-t':'(:'--_f_: -
8
Bt I|

® 4 7 modes: (evv, vy, mv, pv)

| 100}
|I N 50k

%02 04 06 08

[ICHEP2012, arxiv:1207.0698]

- (a)

S

Eextra [G EV]

® Signal peak at 0 in the remnant calorimeter energy

B(B* — tv) = (1.83 192 + 0.24) x 107" [£X9)]

—0.49
(BaBar average with semileptonic-tag: B(B™ — t+v) = (1.79 + 0.48) x 107%)



Events | { 0.001 GeVie )

New Belle’s results B = tVv
@® 72% more data: 449M — 772M BB

@ Improved (slow) track efficiency by reprocessing

@® New hadronic-tag algorithm — Neurobayes neural network
@® Newly added K; veto after understanding data/MC difference
@ 3x tag, 3.7x efficiency, ~half statistical error

@ Better understanding of peaking background /
@ Newly including missing-mass in the fi

t
@® Signal peak at 0 in the remnant calﬂrime/te-ve/rmrgy Ercr

e e | T — vy

backgrﬂundhrL

300

- Previous
“" (449M EB)
= 0.6M 5™ tag

150

m New
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= 1.8M B™ tag
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1200 : T
> 400t Belle ICHET(H 5 2 Belle ICHEP2012
QD B i i r-;.... B [ ] H H
g ppreliminary S 20 preliminary
'g: 801 ® .

2 O f
: 60! - 15;
§ 40 % 100
20 @ 5
0 0;::'?? j
0 02 04 06 08 1 1.2 0 5 10 15 20 25 30
E-, (GeV) M. _ (GeVi/c?)

B(B* - t7v) = (0.72 27 £ 0.11) x 10~ NG AEEATN | EREX o)

—0.25

First 57% of data (same as previous sample) gives B = (1.08 *137) x 107%,
consistent with previous result < 1.9¢ even if fully overlapped

Additional 43% data gives low branching fraction 8 = (0.24 *32) x 107*

Sub-decays of 7 (evv, uvv, v, pv) give consistent results

New K}’ veto is not killing the true signal, and more checks were made. ..




Peaking Backgrounds

= Since e*te'—B*B-, analysis uses reconstruction
of B*, detection of T—one track & small extra E

Egﬁljﬁgp_tguip-tag Eaegﬁonic-taq P i
A00F = eaking background may
350F 120 Belle look more significant in
300} 3100:— new + | ¢ the hadronic-tag?
250F S 80 e Backgrond level of
200 -':.. 60" %; 2 s semileptonic-tag is higher
150} o E 40;'- _ New hadronic-tag includes
1002 7 u}J R missing mass in the fit,
S0p7% 202_‘:__“__ some of the peaking back-
00 5 25; 05 - 02';]*40*5""6‘ ground are included in the
EccL (GeV) projection instead of cut

Oout



B — v comparison with 2006 result

conservative comparison

Analysis

1. Only with statistical error.
Assuming all the signal
candidates in the old
analysis become signal
candidates in the new
analysis.

N(BB) ( x 10°)

Efficiency ( x 107)
N{signal yield)

Br(Bt=2t'v} ( x 10*)

Old (set A) vs. New (set B) : 2.50 difference
New results. set A’ vs. set B : 1.60 difference
Old (set A) vs. New (set A’) : 1.20 difference

*Old result (set A) vs, New (only for non-overiapping events in the set A)
BF(non-overlapping events) = (0.6 +- 0.4)x10%4 =2 1.9 ¢ difference




BaBar [468M] " ° " (1.70+0.80+0.20)x10™
(2010) semilep-tag PRD81,051101
BaBar [468M] TR (1.83 7 ;£0.24)x10™
(2012) hadronic-tag arxiv:1207.0698
BaBar (combined) — | (1.79+0.48)x10*
with correlations arxiv:1207.0698
Belle [657M] H——t] (1.54 7" x107
(2010) semilep-tag PRD82,071101
Belle [772M] |  —e—i (0.72""+0.11)x10*
(2012) hadronic-tag ICHEP 2012
Belle (combined) ——| (0.96+0.26)x10™
with correlations ICHEP 2012
W.A. e (1.15+0.23)x10™*
private average SM (1.20+0.25)x10* ICHEF 2012 ,,, ;191 — S o I;;vamem
CKMfitter (0.73""%)<10* s 3
P R T TR T R T T | -P'D? L ’ C ] 08
0 1 2 3 - 1 1.,
BF(B—tv) (107) = YF 1 e
I:l.]; {I.iif— —E 0.3
Tension between B* — t*v g b B
r H{ F{o3
world average and CKM fit : 18,
becomes much smaller I 1 Bos
oo L L1 Ll

=
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HFAG Incl. Ran ~62 0L 0
o EEEEIEy oy | ® Alncl.~6% (1from 18% in 2004)
- i Babar4.33 = 027, ﬂExc|.~1 Uu,.-""u
N GGOUp GeY
= — e Belle:d 54 = 0275 Up to 2-3 o difference between
© GGOU:p 1.0 GeY Excl.-Incl
” . | WA:4.39 = 0,157, -~ .
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sSummary

«Still good agreement with Standard Model (CKM) prediction
based on a global fit of the Unitarity Triangle

*Need to verify with a better precision (LHCb and Bellell/SuperB
In near future)

*CP violation in the B meson decays is well established at the B
factories

Further search for Beyond Standard Model physics in CP
violation. Two main motivations:

- The strength of CP violation in the SM is not sufficient
to generate the observed Baryon Asymmetry in the Universe

- Almost all extensions of the SM have new sources of
CP violation which can in principle be detected



Thank you for
your attention!



m The fitting variables

Siznal combaned .
- MC
All Background

r s 7 BT = 1tty,

The most powerful
separation variable!

Arbitrary

- 1 Pa——| | -
0 02 04 06 08 1 12
Egco (GeV)

Aaronrary

Usimg these variables for 2D
histogram PDF fitting.

roves the s1 significance by about 20%

-

r— Y, py 1 Use of 2-D fitting will reduce
0 5 T 15 zu 25 ﬁ' the sensitivity to peaking backgrounds
M. (GeV/c") in Frcr.

Peaking background enhanced sample

B’-tagged Data

a0

BO

o

Evenl=l.055ay
2

B%-tagged total
without reconstru

with reconstructed KL —> Effective to reduce the peaking background

cted k. Background rejection using the K, 1s introduced

Improves the sipnal significance by about 5%

Belle full data + improvement of analysis

>

Expected signal significance : 6.36 for Br(B—21v)=1.65 X 10~



Iﬂhﬂ'ﬂnﬂn Analysis

idated with Data

1. Sophisticated B tagging algorithm~ | Reconstruction efficiencies
2. Background rejection using K; }

3. Eg¢; and M, signal/BG shape of MC —>

BT = 1ty

calibrated with Data

Confirmed with

Control Samples MC total
B-=>charm
Continuum
b3ulv
Reconstruct > g M be sideband data = Bﬂ—tagged data | charmless
B — D'""{v as the signal g 10 m 3 Eﬁ | hadronic
160 ° 5 TSRS SE.0 SE 4 A . ’L\'iﬁﬂ
” 1“5" + Data 2 3 +i+-‘+‘ _#++ - ¥+4:+ +# g ++i¢~+ _*?*
£ 1zn_} T MC fg ?g
- B 0 [} i T e el WL CET T ST T ST T ROy
g 12:E+ a 02 a ECL{I(EE‘Q}B ‘ 1 1.2 a 0.2 D#EE&?GEQ{% 1 1.2
[ o -+ f -~ 120 |
5 -t w90 | o
2  B0- :I“* % 8o | = 100 |
e T § ¢ 8 &l |+i
= 40- e = B0} +"“ +j| = ?}*
= - +.|.+ E gg ,H++¢* +HJ | +—+ +% E G0 | #-H;ﬁ;;
20 g g5 : 2 40
of_ L1 ©of 4t .__i " a0 m’*
a0 K
E.c, (GeV) T aGeviiey T S PR R T
BB~ — D™ i) = [5.60 £ 0.22(stat) £ 0.28(syst )% Data-MC consistency is also confirmed with E;

Consistent with the PDG world average: (5.68£0.19)%

sideband and wrong charge combination events.



Time-dependent CP asymmetry
A, A

v
q/p /A P/~ 0/A

Interference between mixing and decay to a CP eigenstate [

Ei F(thys( )_)fCP)ir(Blz(Q)hys( )_)fCP)

Flavor-tagged time-dependent decay rates are different!
they are governed by the “CP parameter”:

f

=7 q Afcp
fCP B fCP
/ p AfCP\
1
CP ~ @ 2P Amplitude

eigenvalue ratio

from mixing



Observables: “direct” CP asymmetry

= Ay Xl = |A4]
. /’\ T /\ —
A; = A, €® e Ay = Ay e® et

0 >d (CP-conserving)
¢ > —¢ (CP-violating)

Time-integrated “direct” CP asymmetry requires two amplitudes and 6+0:

5+ ¢ 5
A=A+A, B A= A+A2¢A

______.. ______




B->DK, D-> K.t n” signal selection

Use 711 fb~1 sample (772M BB pairs).
Data reprocessed with new tracking = improved efficiency (12% — 16%)

cost, _<0.8, ]AE[<0.03 GeV

cos0,, <0.8, M__>5.27 GeV/c?

I Signal

— B—Dx

250 B BB peaking
== BB random

200 /3 ud,s,c

&
=

Events / ( 0.002 GeV/c?)

2 522 524 526

M, (GeV/c?)

Belle preliminary

200
180
160
140

/( 0.006 GeV )

-
[
(=)

0.1
AE (GeV)

Signal selection variables: My, AE, event shape (cos 6y, " virtual

calorimeter” Fisher discriminant). 4D unbinned fit to get signal yield.
Sional vield: 1176 - A2 evente [~ RE% mare data than in prev  analveie)



levels @
95% Prob

p =0.131%0.022
n = 0.354 £ 0.015
p=(22 18
v= (70 % 38




Dalitz plots
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Dalitz plots for signal-enriched region:

(Mpe > 5.27 GeV/cz, |AE| < 30 MeV, cos by < 0.8).



Untagged

Initial 4-momentum known
missing 4-momentum = one V
Reconstruct B = X, | v

using mg (beam-constrained)

and AE = Eg-E,..,,

Semileptonic Tag

One B reconstructed in D™ | v
modes.

Two missing V in event.

Full Reconstruction Tag

One B reconstructed completely in
a known b = ¢ mode without v.

Eff. Purity
High Low Lumi.

< 0.5 ab1

< 1 ab1

> 1 ab1



= Full

New Belle’s V , results

11[2 - {F{141f - EHE:::’,I - EHHIQ]Q - {PHI'H.!J - PH.‘I([;IE

PR

E and Pg,, : Energy and momentum of the tagged-5
E and Py, : Energy and momentum of signal side B particles

T(4S) data used (N(BB) = 772M / 711fb 1)
= Signal yield extracted from maximum-likelihood fit to 1/*

The cleanest measurement Df these mcudes!

B+ —} ?TOEWLI

Belle

Preliminary Preliminary

Nsig
461+28

ffrf‘-.*-ﬂ

signal
B-->plv

B —':’ X{: l \’
continuum

stat. error only for Ngg

Major systematic uncertainty

from hadronic tag efficiency
~35.0%




