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The CKM matrix & CP violation

\ i x
CKM matrix describes ud o i :,? );Zal:rg;ar;ymrgf\et:z.
mixing between flavor — Vegnr=| Veg  Ves Veb 1 phase: only source
and weak eigenstates in of CPV in SM
the Standard Model. Vida Vis Vip

Unitarity implies VudV;b + Vch:b + th\/:3 =0

Wolfenstein parameterization

‘B —> 7TTT, PTT, PP | This tak

CP violating phases Area of triangle is equivalent to

the amount of CP violation in SM
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Observing CP Violation at BABAR

9 750
Three observable effects in B decays p B —
to a final state f: ,
CP violation in mixing ( ‘q/p‘ #1) BO f
_ _
BB’ #B° >R _>A r
(direct) CP violation in decay (|4 /4 =1)
0 DO [ —
B "> f#B —>f g4
(indirect) CP violation in the interference between fer P A

mixing and decay ( Imﬂf +0)

Time dependent effect is sensitive to measure unitarity triangle angles
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How to measure O,

Decays sensitive to o

B > Itk h=rx,p

BO-BO mixing

Time dependent cp asymmetry:

a, (t) _ _ B'>hh _F§°—>hh

I +I

B >hh B >hh
Can be written as:

A
=S, sin(AmBAt)—Chh cos(AmBAt) P
S
Soc2lmA  Cocl=|A[ | B
Indirect CP Direct CP "

relevant to o

a, (t) = sin(2a)
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Measuring o in presence of penguins

Coefficients of time-dependent CP Asymmetry in B° — h*h- decays

h=rx,p
Tree level But penguin diagrams are not negligible!!!

1 Penguin

=Carry a different phase
S compared to tree level
c, = 0 *Measure Ol

S,y = A/l- C} sin 2,

C,, < sinod

Measure a,, = o +oa

Need Isospin
analysis

peng N€€d to bound ‘ a- O,y
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Measuring o from B—hh Isospin

Isospin relates _
different amplitudes ‘ Tt/ pp triangles Gronau-London: PRL63, 3381 (1990) etc

Need to measure:
A" = AB° > hth)
A" = AB° > h'h)
A” = A(B° = h°h")

A% = A(B° - h°h")

A = A(B* = bR

~ A = A(B- > h k")
|A4° =4 h=1m,p

(BF(B° > h’h")) |
Grossman-Quin

small AOO & AOO - small 5apeng sinz(aeﬁ,—a)< ~ =0
BF(B" > h'h") bound
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Signal selection & background suppression

* Signal selection « Event shape variables

® B candidate’s mass for background suppression

-
" B candidate’s energy ;P

h+
" Pion/Kaon separation

e-
. et
From Cherenkov light detector (DIRC)

(used in many of these analysis)

Signal

S
]

B signal
B events are spherical

750

Events/1 MeV/c
Events/3 MeV
[,
2

g
5

200
250

Background R ——
Background i o g e

e-

0

0 st 1

5.2 5.225 5.25 5.275 5.3
GeV/ic?

0.1 .0 0.
5 " GeV
mES = Ebeam_PB AE:E;_EEeam

1

qq =u,d,s,c

Background events from light
quark have jet-like topology

From n*n— Monte-Carlo
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B tagging & vertexing

4./<‘v Bep

Btag
- For time_dependent ana'yses [ | Accurate measurement Of At
we must know the flavor of B requires accurate measurement of
when B, decays (t=0). the decay vertices.
m This is done by looking at the = Resolution in At is dominated by the
decay products of B,,,. For tagging side.

instance, leptons and kaons.

s The "mistag” rate dilutes the
measured asymmetry.

m Determine resolution parameters
from a large sample of fully .

reconstructed B events. Z'/
W

~
b A c
— >
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0 -
B 97[ T[ hep-ex/0501071, submitted to PRL
227x10° B pairs

We measure:

a_(f)=—Lom " B'om 467 signal events
FBO—Hm B’ >rr -~
@in(AmBAt)@os(AmBAt) g 0 R n BiBAR
= Maximum likelihood fit I
o B mass -
o B energy =
o Event shape variables =
a0, - Cherenkov angle from DIRC
o At E
S =-030x£0.17%£0.03 é
4
C_=-0.09£0.15+£0.04 i 5 0 5
Probability weighted events At (pg)
physics/0402083
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B’ >’ 7’

227 (M) B pairs
hep-ex/0412037

B o

=  Maximum likelihood fit
o B mass, energy
o Event shape variables
o p™nY background fixed in fit
N#z’z°) - N(z'z°)
C, = —
= Cuo N7z’ )+ N(=x°z")

Signal events BF;zOzO =(117i032i010)><10_6

6117 Cﬂoﬂo =—0.12+0.56+0.06
@205 BABAR
. —= £UpT preliminary
ggbkgd = |
B10F
Signal S sf 25% of N.._,
+ . w 2.2% of N -
+ O_ . . : 99 1
fi“«;:gd” 52 522 524 526 528

m, (GeV/c')

enhanced plot

= ML fit uses 6, for K/n separation

-_— 4 - N(#x’m)-N(x’z")

=7 Nz )+ N(x'z")
379 £41

Signal events

BF . ,=(58+0.6+0.4)x10"°
A, ,=-0.01+0.10%£0.02

300

— . T T T T
“o | BABAR
>-o i preliminary
= 2001
(o]
€ I
2 100
m 2
ot 4 + T
i —+—I | | .
5.25 5.26 5.2 5.28 ~,5-29
Probability weighted events ~ Mgs (GeV/c)

physics/0402083
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C()nstraint on a from Gronau-London: PRL65, 3381 (1990)
Bo>TU 7T :

L
o preliminary 7
Isospin analysis g :
b
Using 227 (M) B pairs E E
0 o ;
‘ - aeﬁf‘ <35 N
0 10 20 30 40 50 60 70 &0 90
90% C.L. 0-0.; (degrees)
hep-ex/0412037 1+ ,9_43__4;; | l
0.8
0 0 = 0.6
{29 , 61 Ja excluded | © 04
0 :
20% C.L. 0.2} 90 % C.L. :
hep-ex/0501071 0 T 8 e | & e S SR L S i
0 50 100 150

o (degrees)
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0 _
B—p' p
= Vector-vector decay

o Angular analysis needed to separate
CP odd and even components

pp is almost 100% longitudinally polarised
CP even helicity zero state dominates

mm) Analogous to nn
= As in i, penguin pollution shifts o

g (1) sin(Am BAt) cos(Am BAt) b//__.__ rl. /

IlJJI]JtJl]l\lllllltlllll

= Maximum likelihood fit B o S T e
= B mass, energy At (ps)
= Event shape Siong =—0.19£0.33+0.11
n +4r0 -0
mizm), min ) Ciony = —0.23%0.2420.14

= Helicity angles (n0)

+ 7)) — -6
Results using 122 (M) B pairs BF(p*p")=(30£5+4)x10
PRL 93, 231801 (2004) [,/T'=0.991£0.03+£0.04
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BO—),OOIOO

= Analogous to %"
= Maximum likelihood fit

o B mass, energy
o Event shape variable | 227 (M) B pairs

o Invariant mass of p
o Helicity angles

Hep-ex/0412067

O
‘a—aejf‘<11

BF (B’ = p’p")<1.1x10™° (90%CL)
N, ,=332%12
pp

68% C.L.

Penguin contribution is smaller than in nx

15 B

BT

BABAR

Preliminary

Events / 0.01 GeV

BJ_r + 0
—>pp
88 (M) B pairs
PRL 91,171802 (2003)

Likelihood 524
enhanced plot

5.25 5.26 527 528 5.29
Meg (GeV/cT)

A,=-0.19+£0.23£0.3

BF(p*p")=(22.5+6£6)x10"
[, /T'=0.97+0.07+0.04
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Constraint on o from B—pp

BaBar BF(p*p~), BF(p’p") and S;,,;, and C,,,, | PRL 93, 231801 (2004)

. World average BF(p*p?)=(26.4",)x107° (HFAG)
BB
B reliminary
o= [96i 1 O(Smt) + 4(Syst) +1 1( peng)] | ogf

| A
/ [l‘.tiix i} - i
New from p°p® measurement \ / \ /
227 (M) B pairs °-4\ o / _________ \ _________ /[ ________
02_ i} -

Full analysis using 227 (M) pairs is underway ol \ L J/ L] Ll

0 20 40 60 80 100 120 140 160 180
o (deg)
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B °— (p7)’

= p*nis not a CP eigenstate

= Final state ntrno
from BY—
aptm
ap Tt

EIpOTCO

= Dalitz plot analysis ———

=Extract o and strong phases
using interference between
amplitudes

Lake Louise Winter Institute,

S_30

Monte-Carlo

5

Interference

25 ¢

-I
am
© -

..........
" sasEpmEEFaRELEENY

aind maminenn mn e
A T R PO PP Hoar HHHHAHHHTHHS "
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Dalitz Plot fit

Fit to the Time-dependent decay rate:
o=t/

AL (A2 = %[|A3w|2+|A3w|2 (|Ag¢r|2 | Az | )LUH AmgAt)
TRo

+ 2Im {A 3r A 31} am(AmdAt)}
H. Quinn and J.Silva: PRD 62, 054002 (2000) ,

Transform measured parameters 1 _B;A,BA{"
into CP observables 0:8 ]
i 06
O I
213 (M) B pairs Ot
0.2
A, =-0.088£0.049 £0.013 s . Ey 1oy e 183
Spﬂ =—0.10£0.14£0.04 o [degrees]
= 0.34+0.11£0. :
Cpr =0-3420 U hep-ex/ 0408099 | (O = (113t§; +6)
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‘ Summary

RERERERE R | FEERERIN
i % .......... BABAR|
Great progress towards a 1.2 Edoiaond ... =1 Combined-
precision measurement of o R o+ CKM fit
— 1 ------------------------------------------------------------
O] B
> | BaBar
=ACP(At) from p+p- > pal i Feosmney
= First time dependent = L i
Dalitz Plot analysis in B—pmn § 0.6 i
S5 [aF
, O 04
From combined 7z, pz, pp Y
S eyt et i

o =103 ° +10° | % 20 40 60 80 100 120 140 160 180
= 0
—11 o (deg)
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