CP violation in B decays
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Introduction

> Very exciting harvest of results concerning CP
violation

o 17 experimental talks at TCHEP in parallel and plenary
sessions!

o Made possible by superb performances of KEK-B and PEP-IT
> sin (2B) : Recent update using charmonium states
> Search for new physics in CPV thru s-penguins
> First measurement of sin(2c)
> Many efforts concerning y
> First significant constraints from sin(2p+ y)
> First « consensual » direct CP violation in B decays
> Perspectives and conclusion
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BABAR and BELLE Integrated Lumi

Current luminosities and data samples

Total 244 (Babar) + (Belle) 286 fb'1 =0.530 ab!!!
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The great success of continuous injection

30% to 50% integrated
lumi increase due to 4
combined factors:

No need to stop run

Always at ~max. currents, luminosity

=) -30% more | L df

normal injection (old)

‘Higher average lumi

[CERN courter Jan'Feb 2004]
both KEKB & PEP-II
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*Higher uptime fraction
- STABLE Temperatures

‘Fixed Operating point in tune space

& Continuous Injection

PEPII-BABAR: Apr 11-12
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BABAR Detector

EMC
6580 CsI(TI) crystals
1.5T
solenoid e (3 166\/)
DIRC (PID) >
144 quartz o i
bars

11000 PMs ‘ Drift Chamber

e- (9G€V 40 layers

Silicon Vertex Tracker
5 layers, double sided

Instrumented Flux Return strips

iron / RPCs (muon / neutral hadrons)
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Silicon Vertex Detector:

3 layers
o ~ 55um for 1 GeV/c @ 90°

FeditsticR gt iggmber:
abOY48) ~250 !

O'Pt/ T~ 0.35% @ 1 GeV/C

24A44% 1065 BBpairs

Calorimeter CsI:

o/E = (1.330.07/E @ 0.8/EY*)%
aLtinbei adl 3ticev)

inclydes ~340. fb
or 152 x10° BB pairs

ACC (Cerenkov counters):
n=1.01~1.03

KLM (muons): 14 layers

Magnet : 1.5 Tesla

A. Drutskoy 32nd Int’l Conference on High Energy Physics

KFrm—sep—dE/dr=FTOF + ACC

August 16-22, 2004, Beijing




CKM and unitarity conditions
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3 ways for CP violation

. e — qu L -
1. CP wviolation in mixing | | | Farst 111er::hamlsm
70 g 0 g0 observed historically
BB B ,
in kaon decays

SM predicts:
9|y anTegin gasxio
)2 m:

- : - A 2 A 2

2. DIJ‘CE:GE CP violation |_Q:f| P |T.:f|
in the decay B’ B’

Occurs when ‘E ;i‘ =1 where A is the amplitude for B decays into a final state fand 4
is the amplitude of B decays into the CP conjugate state 7.
A= 4+ 4,
Two amplitudes A, and A, with a
relative CP violating phase ¢, and
a CP conserving phase o :
CP violation and [4|= H




3 ways for CP violation

3.Time dependent

Decay-+mixing

BG

No oscillation

Net oscillation

No oscillation CP

B'D

Net oscillation

Define CP Asvmmetry as:

B l_l:gf;}p-: [I) — fop ) — F(B_g;]}'j ('f] —* fCP)

A, \T)=— F

T (B, (1)— fcp)— T[Eﬂpms (t) = fer )

A4, =—C, cos(Amit)+ S g sin( Amit)
. For single
Amplitude , amplitude
ratio 1-14
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S —2Im A 1
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CP parameter f

C, # 0 implies Direct CP Violation




Measuring time-dependent CP asymmeftries

At is a signed guantity
o,, ~1ps =170 um
7, ~1.6 ps & 250 um

Tagging performance: Q = 30.5%

= Flavor
> Tagging

Start the clock

Exclusive 8 meson and
vertex reconstruction




sin2f_results from charmonium modes

(cc)K? (CP odd) modes (cc)K? (CP even) modes
& 200 &
S S 200
E E
3 3
e 20
g 0.5_ E 0.5_
X X
s i B i
£ -0.5 & 0.5

" L -|5 L L " M (l] M " " L é L "
At [ps] At [ps]

Update for ICHEPO4 || 2484R PUB-04/038

sin2f =+0.722+0.040+£0.023 | 205/b™" on peak or 227M BB pairs (cc)K2+
4 =|A/A=0950£0031+0013| 7730 CPevents (tagged signal) -y K°

Updates previous result (2002)| PRL 89 (2002) 201802




BELLE Update on sin2B (¢,)

2003 summer E

Impact parameter resolution
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Checks: sin2¢, (B’ - J/w K¢,)

Validation of new data sample (SVD2)

SVDI SVD1: 152M BB

$=0.696 £ 0.061 (stat)
Good tags A=0.011=+0.043 (stat)

SVD2: 122M BB

$5=0.629 £ 0.069 (stat)

Good tags A=0.035 + 0.044 (stat)
. At (ps)

SVD2




stﬂ casZﬂ and C'/(M cons fr'am fs

xcluded ar ahas CL<0.05 | : ] ‘ BA BAR I

cos2f< 0 ruled out at
87% CL by s- and p-wave
interference in angular
analysis of B J/yK™©
(Ks7°)

M.Bruinsma, CP-3
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Asymmeftries for b — sss Penguins

u-penguin CKM suppressed by ~0.02

| B° > 9k° | w*
R Expectation
p —> m - S - .
;€€’< ] Sug =SNG, Cope =0
d —— 5

———~—" KJ Challenge

’fj “Internal Penguin” BF = (76—+1123 + 0'5) x10°
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B’ t g - | _
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BF =(55.4+52+4.0)x10° u-tree CKM suppressed T/P < 0.1




Asymmeftries for b — sss Penguins

| B° - oK° |

A

“Internal Penguin”
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Penguin Olympia

veteh o)

uncertainties on sin2f3

One may identify golden, silver and bronze-plated s-penguin modes:

<V V' ~1'Re" c>cVV*~/l2
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Note that within QCD Factorization these uncertainties are much smaller ! Iir



BABAR results for B9 — ¢Kv

Events / 2.4 MeV/c?
- ra (o8]
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274M BB
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B gy $=10.736 i -
0.5F ¢K0 — fit = o= Good tags
::E:‘—:=|=—_*_—*=
B-05F —— 8
£ ap, ., Poortass 3
2 8
gost —+ A= | &
e z
05 —[— |
" Good tags
TE T kBT
At (ps)
¢K -+ gK, : S(gK?) =+0.06 +0.33 +0.09 274M BB
A (¢K?) =+0.08 + 0.22 +0.09
- ~2.2c away from SM
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Belle @L P03 (140 fb™)

Raw Asymmetry

o

/ !
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[PRL 91, 261602 (2003)]
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More BABAR results from b — sss penguins
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additmnal modes fo(980)K * 274M BB
Neig-31 47 S Nsig=102 +18
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Conclusion

¥ BABAR has new Sin2 ¢ results for all s-penguin analyses, most using 227 x10° B pairs
¥ Introduced and observed new silver-plated s-penguin mode B° — f (980)K?
¥ Sophisticated vertexing allows time-dependent measurement of CPV in B° — 7°K}

B° - KK K" B° - K" 8° - K" B° — 7°K"°

r

B° >K'KK° B’ —7nK° B° — f,K° B° — n°K"®

'

[

¢ ... and overall: s-peAgtins
jo—




Results on sin2f3 from s-penguin modes

/D |
v | All new!
Charmonium Average : v B
T T T 0.726+0.037 RN
Charmonium Average ; U 0 K° : v (g
0'7i6i0‘037 L 0.06+0.33+0.09 = | | Belle
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Great News on sin(2c) front
(Mostly from BABAR)

> Update available on nw mode, still « plagued »» by
penguins
> 3 key measurements now available lead to First
measurement on «, regardless of the penguin
« pollution »
o Dalitz analysis in the prt mode
o Precise BR AND asymmetry in non®
o More precise measurement in pp mode

> Direct measurement more precise than indirect
estimation from CKM fit /




sin2o. from B — nx, px, pp

Interference of suppressed
b — u "tree" decay with mixing

but: "penguin”
is sizeablel!

BP decay: penguin
b W d_m

u
Ui 0 T o

+

d m

o< N2

*x

d
A<V W,

7

2o T +Pe"e”
€ —1Y 510
T +Pe’’e

B° mixing B decay: tree
b—y—1—d W<l ™
D “ + | D
d —e—e—b 7 T
g/ po ViV Vibiy  Acc Vil o X
me / / rea
g =90 _ pitbgity _ pit A
p Aﬂ'ﬂ'
Coefficients of time-dependent CP Asymmetry
With no penguins| S _ = sin2« | With large penguins
C;m = O Gnd IP/TI ~ 03
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Results for sin2o,. from B — nr decays

BABAR:

Updated for ICHEPO4

B° — r*m~ (227 M pairs)

5 =-030+0.17+003
¢ =-009+0.15+0.04

B* — n°n° (227 M pairs)

A, =-001+010+0.02
BF..,

=(5.8+0.6+0.4)x10°

Belle: PRL 93 (2004) 021601

D

O

152M pairs

Events / ps

Events / ps

5 =-100£021+007
¢ =-058+0.15+0.07

Asymmetry /2 ps

()
)

-

-]

55
0
st

nind]

At (ps)

BABAR CONF-04/047, 04/035




Comparison of B — nr results

CTCTC

— & &

227TM  pRELIMINARY

BABAR

2004

>3c discrepancy between
BABAR & Belle

Belle evidence for Direct
CP violation not supported
by BABAR measurements

Caution
averaging!




Result far B — ﬂ"zz"

Updated for ICHEPO4

R BABAR 5
L 20k preliminary .
> 3
] g
=15 ‘ ‘,L r
0 2
»10 11#%
1t i
25 25% of N0
- 3 2.2% of N -

5.2 5.22 524 5. 26 5.28

Mg (GeVIc)

Fit = gg bkgd + B° — p"7° + signal

Improved understanding of 7° efficiency:

Era ! Eye =0.991£0.03 vs 0.88 £0.08 o

BABAR | BB pairs|N(z°x°)
Run 1-3 | 122M | 44 £13
Run 4 105M | 1711
Run 1-4 | 227M | 61 t17

Consistent at 1.3c level

BABAR '

preliminary

10°

-
o

Events / bin

—

. 68% of N, o

L 4.4% of N

0 2 4 6 8 10
Fisher Discriminant

BABAR CONF-04/035

4 9o
BF, ,=(117£032+0. 10)x10°

0.12+0.56 +0.08) "'

measuréments

7°7°

a-o, <35 at 90% CLl 6 0

>, 0417022,
BF o =232 _0'ag _018)x10

q +0. Eg :ﬁ'r‘s‘r
Co o — 0.43+0. 51 easurements




> 3 key measurements now available
o Dalitz analysis in the prt mode
o Precise BR AND asymmetry in non®
o More precise measurement in pp mode

> First measurement on o, regardless of the penguin
« pollution »

> Direct measurement more precise than indirect
estimation from CKM fit /




Results for sin2o, from B — pp decays

Extraction of o similar to nw, but with
advantage of smaller Penguin pollution:

| AOO | | AOO I
| A1 A
Potentially p*p~ could be mixed £P,

but is observed to be almost pure P = +1

much smaller: o -, smaller

B° — p*p~ (122M BB pairs)
Signal: 314 + 34 events
Toro =1.00+0.02

=-0.19+0.33+£0.11
=-0.23+£0.24+0.14

s)

Events /(1 p

Events /(1 ps)

hep-ex / 0404029 to PRL (89M BB pairs)

54, =-0.42+0.42+0.14
¢, =-017+0.27+0.14

long

Moriond QCD04
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Isospin Corrections for

B° — p*p° PRL 91 (2003) 171802
First result from Run 1-2 (89M BB pairs) - ;
Sl BABAR
BF(B" > p'p°)=(22572 7 £58)x10° | | /\_I/\
0.8_ \
B° — p p Updated for ICHEPO4 0_6’& / \ /
BABAR CONF-04/037 \ / \ /
Updated result from Run 1-4 (227M BB pairs) °'4___\ ________ T I
BF(B° — p°p°) <1.1x10°® (90% CL)i. : // \\ //
A A LR YN
\/z AO \/z 0 20 40 60 80 100 120 140 &6(%99‘;)80
peng
o a2 (96+10 (21,
A+O = A+O o — *M(stat) T (sys ( pen

Geometric limit on 280.,,,,: Grossman-Quinn bound Compare with 35° for 7z




Basis for Dalitz plot analysis of B° — (pr)°

Quasi-two-body approach to Snyder-Quinn method

+ Extract ccand strong  S_30

Phys.Rev. D 48,

2139 (1993)

phases using B Interference

interference between o5 TR
amplitudes

- Amplitude A;. dominated
by ptn-, p~t, p°n® and
radial excitations

* Form time-dependent
decay rate coefficients
of cos(Am At) and
sin(Am At) on this basis

A

= :]s-u- 8 sguEpmEimrspNLnEENA
lllllll
lllllll




Results from Dalitz analysis of B° — (pr)°

I L LT

| Evidénce for
o5~ | direct ¢P. 2.96 |

Cl.

0 L1 L 11 _1 Ll 1 | l | i T e | 111 ] L1 1
30 90 120 150 180

asfdegre&s]

BABAR A AT -002+0.167003

Belle [152M)] BABAR[213M]
Ay 016739 -0088+0.0490.013
5 -028+023700) -010:0.14+0.04
+0.02
c  025:017700f  0.34:0.11:005
H095  -0.21:011+0.04
L +0.09
A" 0530297002 -047+015:00

combined 3.60

a = (102 +11+15)°

a=(13%47 + 6y

[Based on factorization &
SU(3); 6ronau & Zupan]

hep-ex/0408003

BABAR CONF-04/038




Summary of constraints on o

R R R
BABAR & Belle i % ---------- B — Tt (BABAR and Belle) ]
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First observation of Direct CPV in B decays
B° > K
BABARI hep-ex/0408057, Slgnal (227/1/1 BB pa|r's) 1606 £ 51

to appear in PRL
A, = -0.133+0.030+0.009 ‘ 3,43,49 I BZ KT 1
B —>Krm |- _

4 20
‘ Be//el Confirmation at ICHEPO4

Signal (274M BB pairs): 2140+ 53

N
-
C’J

NI
-
-

=-0.101£0.025+0.005
3.90 0.1
Average | | A, =-0.114+£0.020 0_
y N
B > K'r’ '

Asymmetry Events / 2.5 MeV/c’

1
-
[—

A, =+0.06£0.06£0.01 BABAR
A, =+0.04+£0.05+0.02 Belle 3.60 52 5722 524 5726 5728 53
J i i i i i i

Average | | A, =+0.049 +0.040 m, (GeV/c’)




Methods for extraction of y

y is phase between b — v (< V) and b — ¢ (< V/,) amplitudes

Basic
Idea

us

S
b C b_
zr() V., (]DG B_[)
R

Uu

A o< KbKL o< A°

GLW | Gronau-London-Wyler, 1991

Use B~ — D5.K™ decays

ADS | Atwood-Dunietz-Soni, 2001

Use interference between 8~ — D°K™ and B~ — D°K~
decays where the D°(D°) decay to a common final state 7

AoV, V| o 22 p2+1Pe”

Color
suppressed

Size of CP asymmetry depends on

- ~NCE)O -
Y Y e e

Use B~ —» DY°[K'z |K~ decays

D° Dalitz plot | Use 8 — D™° [ K2n*7™ |k~ decays




BABAR analysis of R - DCP[K sﬂ*zr JK-

- 90% | New for ICHEPO4

DK~

Probability density

IJ 0.05 01 015 02 025 DSD 0.05 01 015 0.2 025 I""S

¥y r
ry < 0.17 (90% CL)
r, <0.23 (90% CL)
[No sensitivity to rp< 0.1]

—(130+45+8+10,,,,)
— (31145242310,
y=(88+41+19+10,, )

s Poor constraints on yas yet

005

BABAR CONF-04/043




Decays to common final states

) 2 Ingredient
Vcb'/ua’ A 07 ngre |enos -

at ,0+ Both 8° and 8~ decay

W~ 7 ! to Oz and DV 7

- ~ Sensitivity to y enters

B° b ¢ D(*)_ via amplitude o<V,
d d Mixing induced time-
dependent asymmetries
x 4 ?
Vubl/ca’ I A%e” Current status

|A(8° - 07
A8 > D)

d
C

B° R ob U 7zt p* from BF (8° — Din”)
ad and SU(3) symmetry

10.02




Constraints on Unitarity Triangle

Exclusive reconstruction Partial reconstruction
of B° = DUr of B° 5 Drx

confidence level

‘ CKM =
| fitter IS 0.9
1
0.8
} ""'f
0.7
0.5
0.6 B
0.5 oi
0.4 X
03 903
0.2 [
-1 i
0.1 B
0 15

Updated estimate of r, =0.0157 5 from improved BF(D; — ¢r*)




Projections for Penguin Modes

0.40 <
0ss | | FoKs \ \ Luminosity

0'30 K P R\ W expecTa’rions

2 H x| N - 2004=240 fb-!

£ _ 2009=1.5 ab-!

HAE LLUEIN N

§ 0.15 Similar

SRR projections for
| Belle as well

0.05

0.00

N
<Q
c
©
)

Projections are statistical errors only;
but systematic errors at few percent level




Perspectives and conclusion

o Precision measurements of CPviolation in charmonium b— ccs modes
(hew BABAR result sin23=0.726 + 037)

o Good agreement between B4ABAR and Belle CP violation in b6—sss
penguin modes, with both experiments showing a combined
discrepancy with charmonium at the 3.7c level. However, SM can
allow such things to happen in certain modes.

= BABAR and Belle should double dataset again by summer 2006,
reaching statistically interesting levels of precision on these rare
modes

o Measurement by BABAR of direct CPviolation in K'n~ decays
confirmed by Belle (average value -0.114 :0.024)

o Quantitative measurements of o (¢,) are now available
o o(¢2) = 100 +9 -10 degrees

o Constraints on y(¢,) are still poor with present statistics (signs that
rymay be small)




Backup slides




Dalitz analysis of B- — DCP[K m'n JK-

For 87 | A P F(m?, m?)+ e’ f(m?,m*) P | Schematic

view of the
interference
2 2

m’=M(Kr™)?
m’=M(Kr")?

For B | A =l F(m?, m*) + ne™ " F(m?, m?) |

Two-fold ambiguity remains in extraction of y (y - y+7x)




YK decays

Study of B°—
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New Physics Sensitivity

18%

AApp (T Ks-7°K)

16%
14%
12%
10%
8%
6%
4%
2%
0%

A A 7K

200

300 400 500 600 700 800 900 1000
¢,, mass insertion (GeV)

AApp (T w Ks-9Ko)

120%
lﬂﬂ%'\
80% 1
- #Ks now

60% \

x&
40%

oK. 30 ab-!
20% 1
e st N e
ol e
n."—]ﬂﬂ 300 400 500 600 700 80O 900 1000

¢,, mass insertion (GeV)

Ciuchini, Franco, Martinelli, Masiero, & Silvestrini




Results on sin2B from ccs, dcc modes

(cc-bar) s

(cc-bar) d

(dc-bar) ¢

BABAR
0.722+0.040+£0.023

Belle
0.728+0.056 £0.023

Average (incl. CDF and LEP)

0.726 £0.037
Jyr’ (BABAR)
—0.05+0.49+0.16
Jy i’ (Belle)
0.72+0.42+0.09
D** D*~ (BABAR)
—0.06+0.37+0.13
D** D*~ (Belle)
0.75+0.56+0.12
D** D™ (BABAR)
0.82+0.75+0.14
D* D" (BABAR)
0.24+0.69+0.12
D** D~ (Belle)
0.55+0.39

D* D" (Belle)
0.96+0.43
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B Fflavor tagging and At measurement

“Leptons : Cleanest tag. Correct >95%

1
@ @ 0, =Y (1-20)  o(S, ) ———x
W/~ —~ W/ Tv i NXQ,
@ C @ [E
Kaon:s :  Second best. Cor_rl'_ect 80-90% Q;agglgg/op(egt:z:rgggrc'ees)
W/ wY
D) c S\ @ E s from full Neural Network
I\ AT w— LAY including these & other
AN ) AN 3 physics processes to
identify b quark state
perfect resolution smeared !
ol N resolufion
- B°(B") tag = B°(B°) tag At resolution dominated

by tag side:
o(At) ~ 1 ps & 170 um

1, ~ 1.6 ps < 250 um

| |
-10 15 5 25 0 25 5 75 10 0 .1Io 5 5 25 0 25 5 75 1‘0
Decay Time Difference (reco-tag) (ps) Decay Time Difference (reco-tag) (ps)

CP asymmetry




cos2f from B9 — J/yK 9K rl)

« J/yK*0 (K29 final state can be ng= +1 or ng= -1, dependingonL =0, 1, 2
» Full angular analysis allows for the separation of CP even (4, =/ A, [ e?//, A,
=/ A,/ e®%) and CPodd (A,=/ A, [ e?+L)

* Many terms in time-dependent decay rate, but two are proportional to cos2p
2 S L L B B
+0.50 i ;
cos2f3 =+2.72+ 1 20£0.027 Y G BABAR|
= 14C - ]
(with sin(28) fixed to 0.731) ot i —— 7
Sign ambiguity is related to the ] _Fﬁ % ﬁ
sign of strong phase difference N (g Q_ﬂf { i
- ¢ i
- Use interference of s-wave and p-wave o6 T e +
contributions to Kn final state to 0ab ettt TR )*
resolve sign ambiguity for strong 02 dS 2 <0
mKﬂ
phases . ] 00.8 0|.9 ; - I].1I | Jl;2l | I113I | I114I | I115
Assuming: cos2/3 = —0.68 excluded M (GeVIe)
cos2f3 = i\/l— sin’2p3 at 86% CL o solution 1: unphysical solution

e solution 2: physical
Solutioh data




B- — DCV[K K- decays: ADS method

favored suppressed g - BFUK 7 IK)+BF(K 7' IK") |
B DK D’ SK T % 3F([fw+]k-)+3F([/<+7z-]/<+) ?
silppres_seod _ _f%vored K7 ], K
B —>DK D —»Ktg & i

Upda‘l‘e for Iy < 0.23 (900/0 CZ) ‘ BABARI rp < 0.21 (90°/o CL)
ICHEP04 0oy 0005 01 015 02 025 : ooyl 005 01 015 02 _ 02 _3
| Fromlimit on | 2. | From limit on =
06 [| DO\ K*7r~ | K~ " 006 | S
i |: :| 5 20 j ; 14 g
0.05 |- 1 17+ 005 [ 7112 g
i i % _ 1 Mk ] &
[ - 15 % 1 7
RADSO.(M i 0.04 1 10 s
| —_ 12.f 3 B
0.03 ; :— 10 0.03 | _ ._g
| 1 6 g
0.02 4 P 175 0.02 F
R I 4
P s i
Be//e 0.01 y ] 0.01
‘ P 25 L 2
_TEES A | : ; i 0 = *

¥y < (0.28 (90% CL) %9 505 0l oD 02 oz 0l rB 0 }6_05 0.1 0.15 : 0.2: 0.25 0__30 I/.B
rB BABAR CONF-04/013




% T tme-de ndent CP Vielation

(TCPV)

A p (A1) = §sin(AmAt) + 24 cos (AmAt)
Mixing induced CPV  Direct CPV

SM: b— s Penguin + New Physics
phase = J/yK(b—c) with New Phase
Sps =Sin2d,, A=0 Sps 7 SiN2P;, A can # 0

ICHEP 2004, Beijing 30




Analysis of B —» n’K

% Large statistics mode: BR(B° — 7K®) ~ 65.2x10°, we exploit: BR(B® — 77, .K2) ~14.9%107

% Reconstruct in multiple final states: 7’ — nz*z—, p°yand n — yy, #tz—7° and Ks —>z* 7, 7°7°

~ N A - T

= 22 4] r ]

S BABAR S0t Bafur -
100 5::2 1 preliminary g ]00;
50 sof—
306 . Ftrreei\ereersssessesssssssssesssesssssssssssssssesssssessessssses -
A —~ Of
£2 5.26 5.27 5.28 5.29 é‘" 150
m. (GeV) | s |
P — & 100
Fit finds 819 + 38 events - s @ o
K3 S0
of
.. No CPV 1E
= Sn'KO =+0.27+0.14+£0.03 found in N I

— » S B+ - IK+ =]
77 ]
= Cn'Ko =-0.21£0.10£0.03 control E 0= H;j;x"ﬂ%:iﬁ\\.____,
> sample < : ,

sin2f3[cc] @ 3.00 ak L]

Y S S S S

At (ps)

Systematic errors dominated by: Fit bias (MC statistics)




Analysis of B% — ¢KO

B”— oKs >K'Krw'nm B" - % (77¢KE - _77¢KS)
or B4BAR (a) » BABAR (b)]
B Preliminary A i Preliminary ]

w
o
I
|

| h#{ MJMUH # [ : __..'_',:::j:::::.:'-‘xfuII background ﬁ

Events / 2.4 MeV/c?
)]
T
|
Events / 3.6 MeV
- N
T T
%—q
q .
S L
gl
._?.’7—'
— |

10
i .
ﬁTJTTlTl+TTT+ T \; LA\ continuum bkg
0 5.|22 | 5.|24 | 5.|26 | 5.‘28 0 é | 0.(‘32 | 0.64 | 0.66 | O.(|38
mee [Gevic” | AE [GeV]
ML fit finds 114 £ 12 signal events 98 * 18 signal events
- Systematic errors dominated by
3 > S, =+0.50+0.25  oon ® opposite-CP background
g C¢K0 =+0.00£0.23+0.05 = PDF modeling
o
(&)

m Tag-side CP violation

sin24]ccl @ 0.9c




Confronting Loop Decays with Tree Dominance

V‘

.A4 —_ . . . .

®: b—ccs decays are tree and penguin diagrams, with equal dominant weak phases
v - “; ” I H n . H

®- b — sss decays are pure “internal” and “flavor-singlet” penguin diagrams

= High virtual mass scales involved: believed to be sensitive to New Physics

Both decays dominated by single weak phase

b — ccs

Tree: c c Jly

> S
Vcb W+ Vcs KO

”D New Physics?

o
d
b
d

— q Vcbvc*s q _ =2ip
/IJ/y/Kg‘L = UJ/WKgL (EJB .(chvcs J ' (EJK - J/y/KgLe

q VioVis q 2ip
A 0o — o | T |l T, 17| — - o €
e, "q’KS’L(pJB [VtZVts] (pl T,

sin2/3 [charmonium] ':sinZ,B [s-penguin]




e e e e

SU(3) : prediction des observables B — Kn

BR(K*n%)/BR(Kt*)

d’apres les mesures dans B — nm :
(annihilation et échange négliges)

Ajustement global nt/ Kt : probabilité = 1 % !!
(précision accrue de BR(nntY))

Contribution au ¥?: 1) BR(K*m); 2) BR(Krt*);

BR(K*n")/BR(K°rt+)

5 3) BR(Kn?)

BR(K*n")/BR(K%r?)

Acp(K* )

Acp(K*m0)




e e e e

Calcul de factorisation QCD : probabilité de 1,5% !

=4 Experiment QCD FA (fit) QCD FA (theo) ema Experiment QCD FA (fit) QCD FA (theo)
C(TC-P?T_) —a— E B(TE+TE_) s
-0.32+0.11 :
S(n*n") —a—i : o 3'40
~0.56+0.14 B(n'n) e
C(KOTEO) L} 55+086
0.06+0.18+0.06 : B(n°n°) [ i
S(Ken) i . | 1303
0.35 50y £0.04 . B(K'n") e h
ACP(TE+TEO) e 18.2+0.8
-0.01 :o;ug_ : B(K+TEO) He
Acp(K'n) L 121408
-0.114+0.024 : 0_+
3,60],| aqa o irera) =)
0.08+0.05 ' o
Acg(K'R) o T | | B . -
-0.05+0.04 H ICHEP 2004 11.5+1 ICHEP 2004
-126 -1 075 -05 -025 0 025 05 075 1 0 5 10 15 20 25
mixing-induced and direct CP violation Branching Fraction (10'6)
2 A~ 0.0 +0,10 . 0..0
Prediction pour C(z"z") =0,06,,,, mesure : C(z"z")=-0,28+0,24

Mais “corrections” non factorisables >>100%
Probleme du modele ou présence de nouvelle physique ?




General CP formalism

Decay distributions £,(7.) when tag = EO(BO)
fo () = ge‘m [1+S, sinAm AtFC

cP fep

cos Am At]

Asymmetry

A, (At) = : ;’: =C, cos(Am,At)—-S, sin(Am,At)
) For single
CcP ;
parameter pyr— amplitude
ratio
. C
A __¢p

from mixing




More results from b — sss penguins

Update for ICHEPO4 || s484~ cONF-04/025

B° — (KK ),K. (208M pairs)

» Independent sample with (k*K~) mass
outside ¢ region

- CP content can be determined
experimentally with an angular moment
analysis through the helicity angle
distribution

Signal: 481+ 29 events

B° Tags
N iy

B Tags
N
Q.

—u
N
o

—

o o
£ -0.89+0.08+0.04 SO0 4
g 0 Corb—
S . =-042+017 +0.04 20 S
e I L
~(2F 0y 1) S0 =+0.55+0.22£0.04 +0.11 At (ps)
€ o = +0.10£0.14 £0.06




— high statistics modes
n’Kg ) :
- Nsig=512 427 [} 1 _;’]ﬂ;r
. purity 0.61 | M-y,
: ‘ T o)
5 2= HE:EETG‘“-'{;_?‘:E! 528 =3

0! KKK, (¢ exc*lude:
Nsig=399 +28 HI
purity 0.56 }
—A

o

522 524 526 &5.248 5.3
M, (GeWic™)

g
Entries / 0.0025 GeVic”

o !

ERmEERI 5 — 0.736
s S

Good tags

F CP=+1: 1.03 20.15 0.

i o
— (45 ] = n —_

Raw Asymmetry

g
g
£
7y
<
2
&

75 5 =25 U 2% 5 T4 755 25

s Atps)  (~0.50 @SM) (~1.0c @sm™* P°
S=+1+0.65 +0.18 +0.04 ~-$=+0.49 10.18 £0.04 (£ 3’
A=-0.19 +0.11 +0.05 A=—0.08 +0.12 +0.07

274M Bﬁ ICHEP 2004, Beijing




Still another penguin mode: B° — n°K,

Beam

[sPlots: Pivk,
Le Diberder, =

physics/040208%
3] = oF

B)cvcnls /'l ps
o

mmetry

>
Z05

‘ BABARI *f

constraint

7 | BABAR technique from 2003

@ n
=20
=

Updated for ICHEPO4
BABAR CONF-04/030

‘ BABARI ~
227 M BB pairs

Signal: 192 w/vertex, 108 w/o

_775'0 .Sﬂok_g

[ o]
=
T T

S
TTT

- 403570-32+0.04

=€, =+0.0610.18£0.06

72k

=]
TT1

_; ‘ Belle I

0:

Il 1 L 1
.......................

274M BB pairs

i Signal: 77 w/vertex, 173 w/o

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

NS0 =+0.30£0.59+0.11

70k
C

oo =—0.12£0.20£0.07




