Recent results on CP violation
in B decays

Marcello A. Giorgi Starford
Universita di Pisa and INFN Pisa A lerator
Center

presented at
Laboratori Nazionali di Frascati October 5, 2004

Mini Workshop on B-Factories

5.10.2004 L.N.F. Marcello A Giorgi % . I
SABAR



The CKM picture with 3 quark doublets

Cabibbo-Kobayashi-Maskawa matrix e
* quark charged currents <=> W= - < q; >

* left-handed (q,=d,s,b) quark mass T =d.35h
; q . =4a,s,
eigenstates connected to weak v J v
eigenstates, " V“d V V“b
o Unitary (FCNC suppressed)=>4 - VCd V b

independent parameters (e.g., 3
angles and I phase)

* Phase changes sign under CP

o [Interfering amplitudes can give
CP-violating asymmetries

S|

5.10.2004 L.N.F. Marcello A Giorgi




From Unitary CKM matrix to Unitarity Triangles

From unitarity condition .
Vuqub* + I/chcb* + thth* =0
+1+ =~ O
AV, AV,

Ve =A, Via =V =1

C u

\/ -

(0.0) L, (1,0)

Y sarg o = arg ViV I

5.10.2004 L.N.F. Marcello A Giorgi % , 3
SABAR



3 ways for CP violation

1. CP violation in mixing
q|_ (M, —i 2’|,
e
P (M, _l%
A

2. Direct CP violation
in the decay

Occurs when | |

—e<

where A 1s the amplitude for B decays

#

ap q/p : ‘
2 :: . _._.::‘ First me(fham.sm
— — observed historically
SM predicts: in kaon decays
‘2 A 2

—O0|

into a final state fand 4 1s the amplitude of B decays into the

CP conjugate state f.
A=A+ 4,7

Two amplitudes A, and A, with a
relative CP violating phase ¢, and
a CP conserving phase 0 :

CP violation and |4| = ‘Z‘
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First observation of Direct CPV 1n B decays

hep-ex/0408057,
submitted to PRL
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3 ways for CP violation

Decay rates of B? ad B? are:

- —imt _Et . -0
3. Time dependent ‘BO (t)>phys =e e % (cos Amt‘B°> — i%sm Amt‘B >)
r
L Bo(1) —e™e 2t(cos Amt B ) = i £ sin Amt| B® )
Decay+mixing phys q
0 :
B No oscillation f CP '/ \/ /sy \qufir\le/ CP Asymmetry as:

Net oscillation

. For single
—  Decayv+mixin -
No oscillation ratio

Net oscillation

\/ \/ v

CP parameter

1 - - : - - = g T T
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Measuring time-dependent CP asymmetries

Tagging performance: Q = 30.5%

s

st

S

Flavor
Tagging

i e Tag vertex
% i reconstruction
- | T
|
| -
|
Az 1 . >
Ar ~
vy | Az
o | — o R ==
. . |
| :
| Exclusive B Meson and vertex
Start the Clock reconstruction
art the Cloc
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Tools to measure time dependent Asymmetries

First projects of precise vertexing method:
vertex separation decay time measurement in
boosted heavy mesons and first Si strip detectors

before any industrial development in 1980
SILICON 'MULTIWIRE PROPORTIONAL CHAMBERS' AND THEIR
APPLICATIONS IN HIGH-ENERGY PHYSICS EXPERIMENTS.

.By MAG. 1980. Published in *Pisa 1980, Proceedings, Miniaturization
Of High Energy Physics Detectors*, 25-39.

SEMICONDUCTOR DETECTORS FOR LIFETIME MEASUREMENTS AND HIGH SPACE RESOLUTION.

By G.Bellini,L.Foa,M.A.G 1982. 30pp. Phys.Rept.83:9-38,1982

MICRODETECTORS FOR HIGH-ENERGY PHYSICS. .By M.A.G.,. 1981. In *Villars-sur-ollon 1981, Proceedings, General Meeting On Lep*, 179-211

PEP Il
1) Boosting system g (e
Morth Damping [3.? E\I’]
First idea of an asymmetric B Factory to p@'}%m st e tne Postion Soures

boost the B’B? system and allow the time -

200 haV
Injactor

Linac

FEF Il High Energy Bypass (HEE) )

) Souith B Sector-10 PEP I PEP Il
measurement in 1989 Ring _ ono o injector High Ener
[1.15 Gav] PEP Il Low Energy Bypass {LER) Ring (H Elg
AN ASYMMETRIC B FACTORY BASED ON PEP. Segiuirl:l-i:l E":EJ': I [9 GeV]
By P.Oddone,. Feb 1989. In*Santa Monica 1989, The fourth family == opoom—oo o 3km -

B-FACTORIES: A PERSONAL OVERVIEW.By P.Oddone 1989. In *Blois 1989, CP violation and beauty factories and related issues in physics* 299-304.
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Asymmetric Bfactories PEPII and KEKB

The BaBar Detector

Superconducting Coil (1.5T)

Silicon Vertex
Trgcker (SVT)[S layers)

e (9 GeV)

Calorimeter (EMC)

rystals].
Instrumented Flux Return {IFR)

Cherenkov Detector' [Iron interleaved with RPCs).

[144 quartz bars, 11000 PMTs]

e- (9GeV)
e+(3Gev)

Belle Datactor

S 'Q'\_, Aerogel Cherenkov cnt.
Y N S = £e
:ﬂ\wﬁ n=1.015~1.030

3G solenoid
15T

Csl(TI) 16X, ~~

TOF counter
aGev ¢

| ing +dEdd
\ﬁ Il cell + He/C,H

\'I-c"

w/ K, detectian
14/15 lyr. RPC+Fe

Sw‘t! det. ﬁr

3lyr. DSSD

e- (8GeV)
e+(3.5Gev)
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BaBar Detector o

6580 CsI(Tl) crystals

et (3.1GeV)

i __i,«::sﬁ@s'
_

1.5T solenoid !

o

DIRC (PID)

144 quartz bars
11000 PMs <

e (9GeV)

|Drift Chamber
40 stereo layers

Instrumented Flux Return

Silicon Vertex Tracker
5 layers, double sided strips

iron / RPCs (muon / neutral hadrons

SVT: vertexing and tracking: crucial for At and low p, tracks

DCH: main tracking device, also dE/dx for particle ID
DIRC: K-m separation > 3.40 for P <3.5GeV/c
EMC: very good energy resolution; electron ID, t® and vy reco.

I[FR: Muon and neutral hadrons (K% ) ID
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Current luminosities and data samples

Total 244 + 286 tb'1 =0.530 ab-1!!
Bl Declivered B Recorded B Continuum
240 | - . //A 0 - ——L———‘l
220 /‘ A A R _ ]
200 // 0 - - ‘|
PEP-Il Delivered 253.16/fb // I .'
—~180 — BABAR Recorded 243.70/fb t i
2 BABAR off-peak 22.68/fb // 1 — -
160 —— [ - : '.
Z r _ : |
150 | 17fb"'/month || 22fb-!/month | |
£ | . 0 — R L ey S
3120 | - : ; !
g ; i |
T 100 | " : 1
E 0 - ....:.. S  —— _J
£ 80 | ; i
60 R 5 1
/ — oftpeak Y 0 _ e o e e =
40 F/ [ |
20 ——— 0 l l'ﬁ_—_l_T’_lr-lrl :
o WAL _ R
PRar A PP A s PP A PP PP A B B B B B
1999 2000 2001 200 2003 2004 N3 =3 S Y <
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Exclusive B decay reconstruction

=»Kinematic signature for B decays:  Zuw:

Typical resolutions: 20 _
a{AE) = 15-30 MeV :: :regqo \\ I

s (N I T
o b | (e
s BeoLo o WS S
L - l

Typical reconstruction efficiency 15-40% S0 b ?
Purity: 97% for /WK, ; lower for: ol SRR T
=9 Charmless hadronic B decays: e 50 -

e Use discriminating variables in maximum likelihood PDF
e AE and m_, (standard variables)
e Event shape information.

- Particle ID

_ BB event
Continuum
event
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B Flavour Tagoing

0.4 F
0.3 F

0.2 F

Leptons : Cleanest tag. Correct >95% Soft and hard pion tagging

Tag Performance:
ey " _
D L@ B> D 2
w v =~ W v = Ve (l-2w,
® s ® VS Ly D c%d E (1-20,)
« . cecond best. 80500 BY: fast n-, soft o+ o(S, )« b
aonis : econ est. OI"-II'-EC - (] BD fast ','."[+, S[}ﬁ_ o fop m
B) W e A @ W e - Full Tagging algorithm combines all in
N, wH\ T W_\ _Au Neural Network, Tag categories based on
. g AN E particle content and NN output.

Q=30.5% (6 tag categories) , it was 28% (4 categories) in 2002 analysis

At resolution dominated

At dependences and resolutions
by tag side:

f-.—.ﬂ-r:r. 1.F . feosa.f .
erfect resolution, 1+ smeared resolution
LLLLLLLLLLLLLLLL - x
r AN

~1 ps |:| 170 um

i 1.2 ; A
i s CP asymmetry

I 08 E N

, D'f} _ Ty~ 1.6 ps |:| 250 um

02

i 4' Ll __I L Ll I-i--r_
At/t At/t A Giorgi 13




sin2f3 from mixing & b—cCs “tree”’ amplitudes

_ B mixing _ _ BY decay = _ K%mixing
b—t—t—d ||b - c ||sT i d
AW =g
qd—-* ) b d d d —eo S
a/p ViV VoV 4/ %V Vet | ViV

W q A ViV VoV VeV __ i
wKS % * %
P AIPKS ViVia ViVes ViV e
- all decay amplitudes (tree and penguin) &
have same weak phase: @0
»

« no direct CP violation, no CP violation

in mixing expected
8P . BF(I*I)K (') = 3.5 x 107

(“large”)
- Selection: purity 97%
- Similarly: x.,Kg P(2s)K, ...

5.10.2004 L.N.F. Marcello A Giorgi % . 14
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sin2 3 results from charmonium modes

/

600 [ parEry
-~ q o a5~ Belle
B =400
< 200 g 2003
2 E 200 |
=~ L
e 705

z
2o LU
E‘ 0.5 Z .05
g 0 Z 05}
-3 i E i
2 0.5 z 0
5 0 5 051
Atlps] 8 6 4 2 0 ——
Update for ICHEPO04 || BABAR PUB-04/038 At(ps) Belle CONF-0436
Limit on
direct CPV
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sin2 , cos2_and CKM constraints

1.5 1 I I I | 1 I I 1 | I T | T T T T | T T T T
" | excluded area has CL <0.05 | \\\ i
i I Am \\ ]
0.5 -
B
o e
L Ve
-0.5
-1+ —
| ICHEP 2004 ]
_1 5 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] 1 1 1 1 | \ 1
-1 -0.5 0 0.5 1 1.5
P
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cos2f3 < 0 ruled out at 87%
CL by s- and p-wave
interference analysis in
angular analysis of B

JPK™0 (K )

M. Bruinsma, CP-3

CKM fit to indirect
constraints overlaid with
sin2_,,, measurement




Methods for extraction of vy

I \/ \/ I [

Basic Idea —

K~
W S
b c

Color
suppressed

£

B_O ODU B‘O b ui W

GLW | Gronau-London-Wyler, 1991

ADS | Atwood-Dunietz-Soni, 2001

Ld

T 11 LJd

DY Dalitz plot
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B~ — DUNV[K*m K- decays

ADS method

\LJd/ \La/

\Ld/ \La/

suppressed

AN

favc;red

favored

suppressed

BABAR
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ol ol
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v T e
Q S
=11 o
)
= | i =
~ [X=) Ta) =+ 2] [ — o
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o o =] o =] o =]

Update for

ICHEP04

BABAR CONF-04/013

B

Belle

. A.Bozek, CP-4

v g

G.Cavoto

Mul CUVIIU LR I
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First look at B~ — DOV[K gt ]K- sample by Belle

New: Winter 04 Belle

140 fb-!

Visible asymmetry in Dalitz plots

D

o

MA(Kgr) [GeV?]

Lo

0.5 1 15 ? 25 3

- MAKgrt) [GeV?]

c'; & Q) ° }
L O 25 % 2.5 ®
—~ 2| — 2
B -
E{” 15 o°% SR .
M ‘ - °*e ~
N be & S ¢
S 5 .
»
0.5 F $ o0 0.5 -
g_l_s 7 15 2 75 3 D.Ij ! 15 3 75 2
MA(K ") [GeV?] MA(K ") [GeV?]
A.Bozek, CP-4 hep-ex/0406067
5.10.2004 L.N.F. Marcello A Giorgi
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BABAR analysis of B~ — DK gt K-

x10" x10™

New for ICHEP04

Probability density

0145 02 025 0.30 0os 01 045 02 025

ng

0 0.05 o1 o150z 025 03
T;B 150
Q
Eszo
&= % [No sensitivity to 7, < 0.1]
9 7 X 7 X 4
-50
100
-150
0.1 Q.15 I IOAZI = .0‘25. - I0A3
BABAR CONF-04/043 Poor constraints on y as yet
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sin2a from B — s, prt, pp

Interference of suppressed
b — u “tree” decay with mixing

- BY mixing BY decay: tree
S w o< a ™
T
6 [ ] J J
/ o« i
A o .
3 “i2p i 2
ejm=i =ez/3’ezy=eza
A
p JUT

Coefficients of time-dependent CP Asymmetry

but: “penguin”
1S sizeable!

BY decay: penguin

b w d_m
U
i 5 T -
= = 5T
d d
o )2

With no penguins With large penguins /
and |[P/T| ~ 0.3
5.10.2004 L.N.F. Marcello A Giorgi
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From o, to o

Gronau-London method (isospin triangles):

Gronau and London, Phys. Rev. Lett. 65, 3387 (1990)

1 F—
ﬁ.“i

20, =20 +20
| —+0  —00 ] —+-

AV = A" =4 A =4 +—4

\/5 \/5 A — ‘i—l]

BF of

If BF (00) is small then the Grossman-Quinn bound can be applied:

B(B% — 7970) 4+ B(B° — #979)
B(Bt — 7+t70) + B(B~ — n—=w0)

sin®(a—aefr) <

5.10.2004 L.N.F. Marcello A Giorgi % . 2
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Results for sin2a, ;- from B — stw decays

BABAR: Updated for ICHEP04

I 7

Events / ps
W
=

Events / ps

&,
(]
. =
) o R 3 g
...................................................... = o
Bak | ¢ 6 4 2 0 2 4 6
22%94" PRELIMINARY |
S ol BABAR CONF-04/047, 04/035 | At (ps)
Comparison 503 L2 —T
Caution S ' . ,
. -1 ( v Y
averaging! : |
1 0 1
ST[TE
<
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Updated for ICHEP04 Result for B — a%xa°

~ | B4B4R 10’k BABAR
020 preliminary preliminary
> =
)
=15 ‘ H‘ ~
©° | 010
w10 I S
k= + T :II>JJ i 68% of Ny ,
S5 25% Of Ny 1L 4.4% of N -
L 0 2.2% of N_- f
5.2 5.22 524 5.226 5.28 0 2 4 6 8 10
m_, (GeV/c’) Fisher Discriminant

[ 4 LI )

BABAR CONF-04/035

AN 7

Improved understanding of #” efficiency:

4.90

measurements

Run 1-3 | 122M | 44+13
Run 4 105M | 17£11
Run 1-4 | 227M | 61£17

Consistent at 1.30 level

6.00

-
measuiements

e
M. Cristinziani, CP-4,; Y.Chao, CP-6
— o S
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Results for sin2¢a,, from B — pp decays

Extraction of a similar to s, but with advantage of smaller Penguin pollution:

N B o o B N N Edd

...................... BABAR

J

& r ]
: —
cHE §
Moriond QCD04 - E E
< T 7 T T— - _
.............................................................. o ’é : :
; 20— —
I -
10— —
I C "]
m : ]
AN T 7 T p— < 1 - ]
.............................................................................................................................................................................. 0.5 _:
0: - —— _
/ I T -
O .
-10 8 6 4 2 0 2 4 6 At (ps)
5.10.2004 L.N.F. Marcello A Giui g P
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Isospin Corrections for a

[ L
PRL 91 (2003) 171802
[ L
Updated for ICHEP04
7 | BABAR CONF-04/037
\7 AN 4 [ B |

C.L.

0.8

0.6

0.4

0.2

0

40 60 80 100 120 140 160 180
o (deg)

Geometric limit on 28

5

peng’

: Grossman-Quinn bound

5.10.2004 L.N.F.
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Compare with 35° for 7t
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Basis for Dalitz plot analysis of B — (ox)°

Quasi-two-body approach to Snyder-Quinn method | Phys.Rev. D 48, 2139 (1993)

» Extract o and strong phases

30
using interference between I Interference  “gHET T TS
amplitudes - s E
« Amplitude A,_dominated by - Gk g -
p*m, pt, pnY and radial s ) E
excitations 20 [l s Ny N
o Form time-dependent decay | ko [ il i H
. + A ° 3. 97
rate coefficients of Q Vag
cos(Am,At) and sin(AmAt) _
on this basis 10 . |
58 - Mg
0 b2 .:'.:..:::'.: .......... ____=_: :
,O_JT+ 30
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Results from Dalitz analysis of BY — (o)

C.L.

1 i T T T T T T T T ‘ T T T T ‘ T T T T

I Evidence for |-
05 - direct CP: 2.90 |

_ >

combined 3.60

-\ - -/ B BN -/ -

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

hep-ex/0408003

BABAR CONF-04/038

M. Crzstznzzam CP-5; A.Somov, CP-6 —
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Summary of constraints on o

i % .......... B —7nr 5._.C,.C,, BABAR+Belle) ]|
combined 1.2 |- lcheP200s .. B—pr [ Combined

----- Bopp re+4 CKMfit |

BABAR & Belle

O B &
> [ i "
@ | i |
Mirror solutions 08! L]
disfavored & HE \ .
S 06) : -
N = % N . -
c I X 1
Q I i
Q04 E
0.2 B j
O N]"-.:-J..T_T-fj:-.‘-":\h_-_ N B B ; N

0O 20 40 60 80 100 120 140 160 180
o (deg)

5.10.2004 L.N.F. Marcello A Giorgi % , 29
SABAR



CKM constraints and sin28 and o measurements

1.5

T T T T I 1 1 1 1
™ | excluded area has CL <0.05 |

€k
0 L ieeaeacieaa
|Vub/Vc:b|
0.5 -
CKM fit to indirect
1L constraints overlaid with
I @ sin2_WA and o
" IGREP 2003 measurements
_1.5 1 1 1 1 I 1 1 1 1

-1 -0.5 0
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Beyond the Standard Model?

and & yield the same si2f3 ?

5.10.2004 L.N.F. Marcello A Giorgi 31
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sin2 3 and..

In SM interference between B mixing, K mixing and Penguin b—>s5s or b—>sdd gives the
same e~2'6 as in tree process b—>ccs. However loops can also be sensitive to New Physics!

o fﬁ'_‘_h_] i F IINI r 1
AR A

— I/ T 1 : ook ——

\7/

Purely
_ - dimensional AR LI

estimate 1 uw<

P

New phases from SUSY?
] g o

" L2

Note that within QCD these uncertainties turn out to be smaller ! I A .Hoecker ICHEP04

5.10.2004 L.N.F. Marcello A Giorgi % . 32
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BABAR results for B — ¢K”

2004 = 227M BB pairs (2003 = 120M pairs) | 2003 result

w
o

Events / 2.4 MeV/c?
N
(@]

-
o

21 BABAR

Preliminary

o
Ii

2

=

Update for ICHEP04

I

+—
i
L ]
+——
|
Asymmetry

522 524 526 528
M. [Gevic? ]

A I PRI
B4BAR by 3 J

Preliminary i 10-

>
C J( 1
i o
£ —— l -
@ 0.3 ! % J
R U S R | B S & i
0 002 004 006 008 -6 & 2 0 2 z 6
AE [GeV] At (ps)
BABAR-CONF 04/033
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More BABAR results from b — sSs penguins

Update for ICHEPO04 | | p4BAR CONF-04/025

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

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

Py o}
£ o5 ©
< 0,—————#.\‘
E k/
@ -0.5¢ —t
<
6 4 -2 0 2 4 6
\/ J
At (ps)

<
5.10.2004 L.N.F. Marcello A Giorgi A.Hoecker, CP-4 A A R 34
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More BABAR results from b — s3% penguins

35¢ . : : -
CONF 04/040 - 80E-
150 (a) 25

CONF 04/019 | ~ F 2 20E ABAR l

100 & 1sE o

B @ qoE- R =

50 5E 7 E

0k 0 ' =

C y 35 =

150 (b) 30E- =

B 25E- 3

100 = é 20 ;_ —;

c B A 3

S0 T 10E- =

0 o SE- o K 4 _§

1 (C) o o = T T R e 20

- 0.8E- ' ' T T T =

0f . 2 04E 1/_ E

i Tﬁ""’ ‘g 02 ' '\\JI'_ ] =

4t B %:ﬁ:g;: X \I-\I\v//:;

i . . . I . . . . 1 < -U.6=" =

-10 5 0 5 10 3 , | , , _L =

At (ps) -6 -4 -2 0 2 4 6

Updates for i ] A(ps)

ICHEP04 B s
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Still another penguin mode: B — 7K

Beam A N N :
constraint ° W | BABAR technique from 2003
| > P : Updated for ICHEP04
: ,
—> BABAR I BABAIf CONf—(M/OS’O

[sPlots: Pivk,
Le Diberder,
physics/0402083]

3]
(=)
T T

Bevents / 1 ps
)

(=]
TrrorT

[\
(=)
T TTT

B events/ 1 ps
)

=0

0F

L C
05 - =

dé 0 E ) T
Z.05 & 3
\ BABAR | fok ;
6 4 2 (I) 2 4 6
At (ps)
5.10.2004 L.N.F. Marcello A Giorgi =
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Results on sin2f3 from s-penguin modes

D

o All new!

BELLE
Allnew! !1\'\!1\l\!\\l\\\\l\\l\l\\l\‘\\lI\ll\[\\l\l\l\l
Charmonium Average ' e
L | UL T | T T 7T T | UL | T L | T 1 T 1 | T 1 T : T :I T [ T UL T LI T 1 T 0_726i0_037 i i T
Charmonium Average : o 0 KO : 1 P
0.726+0.037 : 1 —a—ty | [
- -y 0.06+0.33+0.09 - | Belle
o K° A ) : N
050+0.25" 2% D BABAR ' Ks AR
. : [k 0.65+0.18%0.04 ! :
K3 Lo £ KO o]
. i 0S8 ‘ i
- — V. — V. 1 1 1 |_‘_|| 1 1
022+014+003 ] £ 0474041008 ! )
S5 0S 02 , | Ee—— c T Ks - 1
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Projections for Penguin Modes
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Projections are statistical errors only;
but systematic errors at few percent level
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Conclusions and outlook

Success of B Factory experiments BaBar and Belle of b—cCs (new sin2f3 value
from charmonium 0.726 + 037)

Good agreement between BaBar and Belle results on 6—sss penguin, but both
experiments still show discrepancies (2.7 and 2.46) with charmonium!!

Observation by BaBar of the direct CP violation in charmless B decay
confirmed by Belle (average value )

Quantitative measurements of o (¢,) are emerging (new value )

Constraints on ¥ (¢,) are still poor with present statistics (low values for 7).

A statistical increase on these modes in the next few years could well provide
initial evidence for new physics in the unitarity triangle beyond the SM.
Modes dominated by penguin amplitudes as B0 — fK0 seem to be promising
benchmarks for New Physics at a mass scale < 1 TeV. However unravelling
the full flavour impact of this new physics will require a very high luminosity
B Factory — a Super-B Factory — (luminosity higher by a factor 50-100 than
in the present machines).
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