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CP violation in SM

e CP violation arises from a single complex phase in the
quark-mixing matrix (CKM)

e In the neutral B, system large effect in the

interference between B - B, mixing and decay

d
e B-factories give:

- high L (Belle 446 fb™, BaBar 244 fb™)

- high Q@ = €(1-2w*)~30%
e Decays with single amplitude measure B:

- b>c: B=J/pK®, B =D'D* “tree” mediated

- b»s: B-¢K®, B>-»K K K_, B—K'K'K® “penguin” mediated

e New Physics effects in the loops?




CP “time dependent”

CP Asymmetry:
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Mixing phase ¢ =

BABAR I

b2
=
=

— B’ tags

205 fb-1 or 227M BB pairs

Events / ( 0.4 ps )
140 fb-1 or 152M BB pairs

=
tn

=

Raw asymmetry

=
tn

b W 0y

e Penguin/Tree ~ AJA|* = small hadronic uncertdinties

o Definite CP content: CP(J/yK, )=+(-)
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e Vector-Vector decay

o CP confent not known = CP-odd fraction R_ determined
in Time-integrated transversity analysis

Three angles in Transversity basis: 6,,6,, and @,

Integrate over 81and @r and taking into account the angular

acceptance
| A RooPlot of "mES" |
"N-'h |Nb|9|=|5é4|t:|i1| T | T 1 T 1 | T 1T 1 T T T T 1T T T L I_
e sig = + —
§4°Erg:ar :s—';e:i 10 ]
|: Du : mB0 = 5.279921+ 0.00018 GeV 7]
- TTTTT T TT 520 igmaB0 = 0.00271+ 0.00016 GeV _
gml—-_ ! ! ! ! ! ! ! ! ! - § |: ]
s I _ 7
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u -
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m,>5.27GeV 4of B

"R =0.125 = 0.044 + 0.007 [T " -
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B® — DD’ asymmetry

Peaking background:

* No significant peaking bg from generic MC studies

e Conservative estimate: 1.5%+1.5%

* Assume NO CP asymmetry of peaking background by default

Events/ (1 ps)

—
T

=)
th

( RT determines the dilution
to calculate S®°" from S™ )

=
L] 1

Raw asymmetry

o
th

C=0.04+0.14(stat)£0.02(sys)

SV =—0.65+0.26(stat)}’: " (R,)*=0.04(sys)

-0.07
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cos2B from B° — cck™®

e The 4-fold ambiqguity on B from sinZB can be reduced to
Z2-fold from cosZB8 measurement (in SM, cosZ2B>0)

e B-J/yK?, K®-K m® sensitive to cos28

mlﬂl]ﬂ-

-~ CP-even/CP-o0dd interference Em.
contribute to cosZp 400

200

~ Sign ambiquity (due to strong phase , = =~ . .

= P—wave mtensﬁy BAgAR

ambiquity) resolved by BaBar S S-wave intensity ~ ®
(Phys. Rev. D 71, 032005 (2005) ~ * + sin’A
w I
_+_
- Fit for P and S wave intensities 20 | + ++ |

and &;—&, by Kt mass bin, 5‘- -
fiXing 5—o, and &,—¢g, to
— Solution | : (2.73, 0.18)
— Solution Il : (3.55, 2.96)

- Physical behaviour i

observed for Solution I 08 09 1 11 12 13 14 15
m, (GeV/e™)
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cos2B from B° — ccK® result

BELLE BABAR AVERAGE (HFAG)
Care !
# Events 354 104
sin(24124,) 0.30 +0.32 + 0.02 0.10 +0.57 £ 0.14 0.21:0.28 (CL=0.55, 0.60)
cos(242¢,) +0.31+0.91 £ 0.11 +3.32%076 , .. + 0.27 1.60£0.67 (cL=0.026, 2.20)
sin(24/2,) 0.731 (WA) 0.731(WA)
cos(2024,)  |@0.31+0.86 +0.11 $2.72+050 .+ 0.2

P
il

= Y 5|n(2,{5’] =0.731, cos(2p) free

% 0 ;-_,!'5 BELLE e ﬁ : 1?’. _"_ ' B \\ BABAR
=g S R ity N ABIEE el S, s SRS
% 0.5 | o i s S e

T025 - | | e \
i~ 0 ! : : ; & = &

i \ \ S S A . %

L jv{f = [ H,J
075 | - sin(2/5) & cos(2p) free |
'1’ ¥ 1 2 3 4 &
cos(2p)
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Impact of B on CKM

| & 12— )

~ p=0.210=+0.035 \ cos2p < 0
" 7=0.325+0.030 excluded by

18E — o Am | S”Wave, p-wave
E _ = intferference

= Sy | 2oine

04 - e "'i.,. - BO-Jw K*(Ksno)
- @ . . )R angular analysis |

02— 4 .“ -
[y

0.2 | L, L/ Y (N

-1 | -0.5 D 0.5 1
* Angle measurements: CP-violating processes P Tﬁe ‘Em[
* Sides measurements: CP-conserving processes 'P
e UT fit on indirect constraints overlaid with sinZﬁW N

[sin2g]  =+0.726+0.037

(stat+syst)
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CP: why b—s?

»B - B, mixing: phaswe ® = 28

b= ¢ *”*@@T” b= s

i L

- Penguin contribution o(A?) - ECNC absence in SM: .
* small hadronic uncertainties e only penguin amplitude
e measure sin(28)=0.726+0.037 e measure sin(28) in SM 3

e

» New heavy particles in the loop? Look at A_(t):

SUSY quark-squark coupling

b, > S
add new phases [Im(A_ )] to ¢,

A,B=Left,Right

B

»Due to hadronic uncertainties, not all b>s decays have
clean interpretation of |Bpengum—[3 zcl
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Pendguin decays

In the loops SUSY contributions are:
e mass suppressed: (c1/M?)
e coupling enhancement (~«_/« )

U L B,

s Ton KKy B S

| 3 kS CP
B’ &< § %"<T
d T ,J""D d -

W New phases from SUSY?
_ g -
I —— —e— 5
h—> m —F g0 ’ By W K,
0 d s R° 5. %8 _—~d
B &@<_ 0
(!i]‘ =
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e Reconstruction:

® o —» KK critical K ID: Cerenkov angle

® (l): J-CP:].“, K+;J'P:O‘ = |0059H| oC C0529 | BaBar

o " preliminary
® ~2% peaking BB background T R R R R T

(S-wave f K° 4K’): largest systematic source: AS=+0.06

T ' ' T {|‘1 T of | —
ul Eﬂfﬁiﬁ 4 (a) J '“l_:_ﬁnf—‘ \ Nev for CP fit : 221
E 3 5ok Nsig:
Nev for CP fit: 4300 : e {ﬂ“{l 9
Nsig:@ 4 3405—* } || | (n0n0:13+5-4)
£ \ BaBar Ean;— + * { J[ o
b £ 20F 1 Jl
i i
*1'+++-?T"L++++++ ++¢+'“++"'FJ“& E m:} L r {
E.E | 5.|22 | 524 | 5.IEE: 5.IEB 5.3 %-2 5.I22 f-.IE-“-'l 5.I2t':| E.IEE- I 53
m,, [GeVic® ] M, _ (GeVic®)
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» CP(pK )=-CP(¢K )

» K momentum not measured, inferred by

EMC = ElectroMagnetic

Calorimeter

direction in the or IFR and with a g |

B mass constraint

om_ constrained — Only AE (BaBar)

» Photon background rejected with "IFR = InStmmenteﬂ

30

S

Events / 3.6 MeV
o

60—

mé |
| BEIE R -1
s | | e -

Bt

PG FE, oo ek e

combined in a NN Flux Return

|

' BaBar: N =98=18

Belle: N =36+15

i AR L 0 A

l.li-r.'.
0 01020

3 0405060708 09 1
phatar
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Combined A

'BABAR

| Preliminary

At%ps) | | | At (ps)
CP=-1 CP=+1
S = 0.50:0.25'%% S = €0.06+0.33+0.09
C = 0.00+£0.23+0.09 C = 0.08+0.22+0.09

FW_E__;D_M}QLE O, W|n05 8 June 2005



o Doubly CKM-suppressed tree amplitude 2 o b
d—W <
» Penguin dominated b—sdd \d}K

» CP-odd eigenstate
o hadronic uncertainties quite under control (see CKM WS5) ﬁ d

‘http://ckm2005.ucsd.edu/WG/WG4/tue3/WG4 _charge sessionl.php)

» Experimental challenge: no charged track from primar‘ylver’rex

aok
70k

 BaBar yield:
N(Ksn°)=300123

* Belle yield:
N ( Ksn°)=(168116)

+(83+18)

GOF
50k
10F

Events / { 0.004 GeV )

30k
20
10

Entries / 0.0025 GeV/c®

D '] '] I '] '] '] 1 '] '] '] '] I '] '] 1 ']
52 522 524 526 528 53 515 5.2 5.25 5.3
M, .(GeV/cT) m .. (GeV)
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a hew veriexing

o It K_decays in the first layers of 5i vertex detector, use

KS vertex for the BCPZ

;-E ANJdL BABAR 305 S
= ol
— other events used for C 2= ~— o I NP
- o — vt layers - b
Beam 0.08 0.12
constraint =~ 0l
.06
s 0,08

K, decay length in xy plane [cm)]

e Beam-spot constrained vertexing

o Validated on B-J/ywK_ using K_ vertex

T
BaBar: Belle: 95’%
C=0.06+-0.18+0.06 C=0.12+0.20+0.07
S$=0.35%33%3+0.04 S=0.30+0.59+0.11

¢ o I 4 EEPIEVIarco, Wino5 8 Jtne 2005




A 3body mode: B—K K K,

e Dominantly penguin amplitude
o Defined CP(3K,)=+1 5 E Gerhson—Hazumﬂ

hep/ph 0402097

o Bose statistics D (KSKS) even

e Total angular momentum conservation B CP(3I<S)=CP(I<S)
—60 .

° £ | :
= 50K (a) j ., sof : 1‘
540; 88 + 10 events E sof EEZES ﬂ
@ ank - |88 + 13 events|
2 SUZ—{ S 30| 1[ |
> : E : 'I' |I I|
E 1
'ED_% 4 & m.} -I- 'I".
L | % : t ch
253554 558 558 5.2 O %21 525 528 5.3
mes (GeV/c?) M, (GeVic?)
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A 3body mode: B*-K K K_

e Again Beam Spot Constrained vertexing

e If one K_ decays outside the “good-vertexing” fiducial
region, most likely 1 or 2 of the other K_ decay within

(e,..,~100%)

VTX 15 F 5 o —— —
'F Belle = Eﬂﬂw—ﬂﬂmﬂ
0.5 —t =
= — ‘I'=-‘-;—*-——:—=='—._____—_—.ﬁ—- % EE-BU . . . . .
=l § E 10
2 B : ﬁw\ﬁ‘g
< T ° .
% D.5;— _I_ | 1 4 4 4 4 4
g I & -
D?- _'I_E!.ﬁe:riﬂ.l:! Eﬂf . . . . !
JEE TR T s D S 3 0 5
At (ps)
_ +0.38
S = +1.26+0.68+0.18 5=-0.71""", 004 o
C = -0.54+0.34+0.08 C =034 005 glgan
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Non resonant BO—>I<+I<’I<S

e Same final state particles as BO—>c[>|<S, but higher BF

e Tighter PID (m mis-ID < 2%)

e Standard vertexing with 2 tracks

250 ~ T T
= 180
2200 T 1 -h
= ] g
g w140
123150 a 120
o )
S S 1
=100 E &0
@ e0f
= é ..---M ’ o
5 sof i N +
0 . %2 52 524 5k 528 53
52 522 524 526 528 53 .
M, (GeVic) m, (GeVic')
399 + 28 events 452 + 28 events
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CP-content in BO—>I<”I<'I<S

e b—c transition vetoed: D, X o XC2—>I<+I<' and D+—>I<+I<S

« Unlike 3K_ case, B°—>I<+I<'I<S not CP-eigenstate by symmetry

D>
e Belle argument™ to define the CP-content + /O
Grossmann/Ligeti/Nir/Quinn and Gronau/Rosner:
isospin analysis (*)[Belle coll.,

Phys. Rev. D 69 012001]

ont) = 9T(B+ — K+K9K%)/T(B° — K+K~K")

fBelle =083 + 0.10 = 0.04 on 140 fbt =
even hep-ex/0504023

3003

e BaBar uses angular moment analysis: _ ..t
) - oo
use S,P wave to describe cos@H@m(K K’) “F

A2 2 2 1.2f
feven_A S/(A S+A P) s 0;
& 0.6F
PRD-RC 71, 091102 (2005) — g-;@
BaB _ ok . .
fBBor = 0.89:+0.08+0.06 e G

even
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B"—>K'K'K_ asymmeftries

1t Belle o a0 3 | o BABAR _
0.5 = - AN Preliminary
0 } —1= @
._}1 |
- ® 40_
3 L
L T 2|
%
= £ 0.5/
E o
g 0.5<r<1.0 2705 — | | | | ——]
N T R K 6 4 2 0 2 4 &6
At (ps) At (ps)
5=-0.49 +0.18 +0.04 -D >="042 £0.17 =004
BELLE

sinz . =5/(1-2f, )70.74£0.2720.04  5in2g  =5/(1-2f )=0.55+0.22+0.04
+O'39-0.19 (CP-content) +0.11 (CP-content)
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e Many final states reconstructed:

_ nonm', py. noyy, mmwd K —~m'r, 070

e High BF: (60.6+5.6+4.6)x10°

Mode Signal yield
— -;mﬁﬂﬂh'“ﬁ_ 188 + 15
: 0 KOy 430 + 26
-r;n_:gﬁ:,mfi'ﬁJrﬁ_ 54+ 8
) Mty E o0 14+ 9

oy JC 20 0 94 4+ 23
C'ombined fit S04 4+ 40

Entnies [ 0,0025 GeVic*

g 1R of mode SVD1 5VD2
2 522 5M E.EI!‘EI2 528 53 ‘p"'!i .

M, (GeVic®) A o e Je o 7 Kg TI'ICF;"JW 33+ll G0 B-I-E'E'
oY 1?1+}§ 142’:“‘
(3 250703 01,7402

N_=512 = 27 N, =804 = 40

n'—py subsample
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B"—n'K_: asymmetries

e Estimated BB from MC:

- only a few % in n'—py (~3% Belle, 1-2% BaBar)

;ﬂﬂ._ B2, -

Eu: BaBar:

Eﬂ | S=+0.30 +(0.14)* 0.02
E C=-0.21 = 0710 =+ 0.02
:E o

* Penguin mode with lowest
statistical uncertainty
- e But theoretical uncertainties
-f5 -5 25 0O 25 5 7.5 ] ) )
At (ps) still under discussion...
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Summary of results

||||||||||.|||||||||| |||:| ||||:|||||||| IIII|IIII|IIII|IIIIIIIIIIIIIIII|IIIIIIII|IIII|I
Cf};gﬁﬂlum L Coggqggg_”n'ggm iw E
R l I | IMoriond 2005 J/‘ffﬁ - . [moriand 2005
o K" | | | 0.12+0.24 F— |
o | 0" Do :
0.34+0.20 | A °  oootoiz oy
K | | L. S DD ;
1}] 438+U 11 I —— i B 0394020 ——
L0 : : : Z DD |
foKs T : e 0.09+0.21 ]
3910.26 o i g oK Ll
c HDKg : : : T;pkoodfio_w :
gj 0.34 ¥ g;: E : & E = :; ....... _o 04:£0.08 I—i;'-tl
§- mKS + 040 i : i *.i.l., 814+022 P ]
? K K KS | | | o OEEON
0.53+0.17 | ——. 2 ‘2?3910025 —a—
QKK | (N <K N
0.2610.34 = —— | i 0090 10
| | I K K K
Average (s-penguin) | : ﬁ::aﬂ;a‘é angui P .
|||||Dl4:|3-||_c||ul?|||||||||| |||| |:|||||||| L1 _002194_0045 :g..|....|....|...w....|....|....|.
08 -08 -04 -02 02 04 0 5 08 1 ¥ 1 5 A 25 -1 075 05 025 0 025 05 075
S coarse estimates of possible C=(1=1A/(1+ 9
Care about averaging ' *>f theoretical uncertainties
different SM, NP, AS!
= = -0.021+0.
* SPenguins_ 0.43+0.07 * CPenQUinS 0.021+0.049
e S_ = 0.726+0.037 « C,  =0031+0.029
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Conclusions

esin2f from B° — Ec:l(S the best constraint on CKM
unitarity triangle

esinZB from penguin modes probe for New Physics

e The modes with cleanest theoretically interpretation
K_K.K,) within 10 from SM

S § S

e The two B-factories BaBar (SLAC) and Belle (KEK)

show agreement in most of them (but KSKSKS)

>> . 7 NN
.0-51'01' O-sysT TOday 030 " i \\ﬁ

' ' ' g N— -
The increasing integrated B S

luminosity is necessary to Z ~ . S
show indirect New Physics = o
effects

p— E D| I\/Iarco W|n05 8June 2005
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BaBar vs. Belle

LA e LR L L e e L I I I Y
Charmonium Average (WA) : i : Charmonium Average (WA) : E |
0.?’%6 +0.037 ! ™ 0.726+0.037 : *
| : | 0 |
oK +0.07 e Dl
0-5059-25-&[:4 : LB BABAR 006+033+009 ! .
n'Ke i N nKe BRI
0.30+0.14+002 | H"_' i 0.65+0.18 004 | l
fDKg +0.28 | | H — fDKg ' & | - :
095~ +0.10 ! T ' —047+041+008 ! !
%S : i K2 . L
'g 0.35 0 £0.04 1 '% 0.30+059+0.11 : |
oK L) S oKs M
E— 0.50 1 oa£0.02 AT & o7st064”0" : T
KKKe L ? KKK N
055+022+0.12 T 049+018" ' A
KEKIKS L KeKsKs . R
0.71 _ 5 +0.04 ' T 1 2610662018 ' ! : |
Average (s-penguin) ! Wt @ Average (s-penguin) ' : I Eriw 2005
0452000 | | | _‘|_| | | 0.3920.11 | | | HN | |
-2 -15 -1 -0.5 0 05 1 15 -2 -1.5 -1 -0.5 0 05 1 15
—M; xS — XS
e consistent S
pK -
e iNconsistent S, S ] - =0.726x0.037
oK KsKsKs Y charmonium
0 0
o (K 11 K« oK1
( S )BaBar ( S )Belle
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Compatibility with: SM

[=]

6 O

cﬁ 0.3 S~ 0.3
¢ B, .
= 57 s Comparison
;) 0.25 E..b..- (.25 [SinESEEIRSRUNNNN oo
© 0.2 x 4 © WY R S . bEtween:
® -
s e > ilr\]l\d pgedlc’rlon of
0.1 0.1 > ® Direct
0.05 0.05 1 experimental measure
S
t ! R ° ;?KO n°)1 ’ ChTTP://www.uT-F ig
O 3
—_ — (]
S ooflE 2 o0s °” ® Results:
§ 025 é 0.25 J (l)KS and KS'ITO
© oomm ... = 02 @10- .From
015 - 0.15 Charmonium
0.1 e Statistical
0.05 w H 0.05 uncertainty
. . 0 still high

-0.5 0 0.5 1

0.5 1 -1
c(e K% central value C(Ker°)

pr;ﬁ—: SIEVIArco, Wino5=85Jtne 2005
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B—>@dK: constraints on SUSY

d — d ~ LR MC
(523 )iz (A23 ) Lo/ "
FW}}_&D_M}Q,‘ O, W|n05 oJune 2005
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B characterization

e Kinematic variables: AE sideband
\/ (s/2+p,P,) /E ]7;2 % T T
g
AE=E:—s/2 R —
(E;yPyy,) =4 momenta of B (Y(49)) Mes $/a '_ RS |
in laboratory frame B

® Most of background from e'e” — qq
(g=u,d,s,c)

500

® |cosO,__ | peak to 1 for qq

SPH % |
g

e Combination of Legendre polynomials®™|

L,L, (Fisher, Neural Net, L /L) oo

If “-.-.‘- g
1
b L
)| r. F A ]
1er 200 . '
- e e e - X
° * 100 % P b 4
' i -
: R
ﬂ
51gn
¥ I-'I‘JA ﬁsher disc riminant
3
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Measurement of A (1)

Tagging performance: Q=¢(1-2w?)=30.5%

BaBar — Belle:

At is a signed quantity

o, ~1ps< 170 um

asymmetric B-factory Flavor
z N Tagging
H
| B vas) =0-33 I K-
Y (4S) b, |
i
e
, _ l -
B Iy
" I )
| M
Az 1 - " K
At = — S
() | & '
| .
I
I

Ty ~ 1.6 ps < 250 um

Vertex and B exclusive
reconstruction
Clock starts

FW}__&D_M}Q! O, W|n05 8 June 2005




Rare processes medsurement;

244 fb!

Integrated Luminosity @ B-factories:

+ 446 fb' = 0.690 ab™

BaBar Runb started one month ago!

BABAR

220

200 PEP-1I Delivered 253.55/fb
— 180 BABAR Recorded 244.06/fh
e BABAR off-peak 22.68/fb
> 160
3
£ 140
£
=
— 120
=
[ik]
©
n
gl
=

TFreteeprevrtacd F rrrrmiriosity el o

L = dlldif, = onmsongne  —  off resonance EReTaY S0
LT T T ‘ T ‘ T ‘ L ]
w it
30 £
3 // f
i | i
1 £ //
A
I wa :
0
: [ - I e L [ 1 | | I‘r-ll_l'-pil_l .
0% im0 T4 150004 Y8200
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