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OVerview

0 Measurements of sinb, cos2b,
and Limits on D from :

-j|

VudVap + VeaVap + ViaVip = 0.

4 from charmonium,

'CDVWPLCMCV\A:QYH measurements’
o-f‘F) from ‘open-charm’ and other
charmontum,

‘alternative measurements’ of B
from penguins.

and extrapolation to higher
luminosities.
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Mawg wa 35 to measure st:ZE and cos.:ZE
(More detatls in following slides ...)
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Mamg wa 55 to measure sim,:z& and cos:z&

b—ccs o .
(More detatls tn following slides ...)

charmontium

v,
\s

J/¢K57 ¢(2S)K57 XClKS
ncK57 J/QPKL
J/pK*(Ksn)
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Mawg wa 53 to measure s'w\,:ZE and cos.:zﬁ

b—ccs e , ,
(More detatls tn following slides ...)

charmontium

v,
\5

J/VKs, ¥ (25)Ks, xc1Ks
nCK57 J/¢KL
J/YK*(Kgm?)

Color-suppressed b — cud

-4 - 5 % *
b \\<(“ o D )Ocpho’ D' )hoa
B() - , _
i, latter with D = Kn'w

d > d
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b— ccs
charmonlum

v,
\5

J/¢K57 ¢(25)KS, XClKS
nCK57 J/¢KL
J/YK*°(Ksm)

Mawg wa 53 to measure s'w\,:ZE and cos:ZE

(More detatls in following slides ...)

b— ccd charm
or charmonium

TR
\d

DWFTDM= " J/4prO

Color-suppressed b — cud

t - < C * *
e D"*crh’, DR’
B() - , _
i, latter with D = Kn'w

d > d

SuperB

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 6



b— ccs
charmonlum

v,
\5

J/VKs, ¥ (25)Ks, xc1Ks
776-[(5'7 J/¢KL
J/ Y K*(Kgr)

Color-suppressed b — cud

Mawg wa 53 to measure s'w\,:z% and cos:ZE

(More details in following slides ...)

b— ccd cl?arm b — s55§ 2> b — Sc_z’d
or charmontum penguin dominateol

b Wy Cc b £y s
\d %q

D(*)+D(*)_, J/¢7T0

oKg, KYK—K°,
KsKsKs,n' Ks, Ksm°,

b - - C =0 (*)0 0 (*) O
\\<: D ek D wKs, foKs
B() - , _
i, latter with D = Kn'w

d > d

SuperB
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b— ccs
charmonlum

v,
\s

J/¢K57 ¢(2S)K57 XClKS
ncKSa J/QPKL
J/pK*(Ksn)

Color-suppressed b — cud

Mamg wa 55 to measure siw:z& and cos:z&

(More detatls in following slides ...)

b — ccd ol?arm bes§5§ besc_id
or charmontum penguin dominated

SRy : TN
— %q

D(*)+D(*)_, J/¢7T0

¢ Kg, K+K_K0,
KsKsKs,n' Ks, Ksm°,

b - -¢ c — ()0 0 (*)7.0
\‘\~< u D D" crh”, DI, wKs, foKs
B() - , _
i, latter with D = Kn'w
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sinzb from b—ces decays
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stat.

SLV\,:Z’E from b—>ccs

2 ] o BaBAr, 382 M BB pairs.
P

S (ee)’s 35 hep-ex/0703021, submitted to PRL.

2 (cP odd) 3

5 JyK_ (n*m) — 0.702 + 0.042 + 0.020

4 :

JyK_ (n0nt) —=— 0.617 + 0.103 + 0.036

Eosk .

L H e y(28)K, E —=—§:947 + 0.112 + 0.062

g | = = " 1 K —=——  0.759 + 0.170 + 0.037

E 0.5 P B ‘el S

» s 6 T nKs —=——0.778 + 0.195 + 0.093
2 r JhyK* - 0.477 + 0.271+ 0.155
= -
s JyK — 0.686 + 0.039 + 0.015
Zr YK —=—  0.735+0.074 + 0.067
¢ [ JIyK® - 0.697 + 0.035 + 0.016
= f - L —I— - An -= 0.714 + 0.032 + 0.018
s ‘= = = L »—-"'_J-
= L : ] © Now with systematics for each golden

5 5 i wode separately, J/PKE, and )P K2 wmodes.

0 Also |h| measurements - see backup slides.
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D

S sin2d from b—ces

0 Belle, 535 M BB pairs. PRL 98 (2007) 021802)

200F B° — Jiyk2 & q=-+1 00k
o [ "- —+—q=—1 [¥>] B
o o [
W 150F O 150}
2 - & J/wK’Os e ;
o 3 > F
2 100¢ %, (cPodd) g 1°°
= [ e
i 50f ‘ i 50

Asymmetry
@)

Asymmetry
@)
-U_LL’_LI_UA\'vv- V"I:.tlvvv T=TT"T
-\ '
\

-0.5 0.5
75 5 25 0 25 5 75 75 5 25
At(ps)
0 )J/PYK< only o )J/YK? only
Sn2g, = + 0.643 £ 0.038_,, SWn2E, = + 0.641 * 0.057 .,
A = —-0.001 * O'O;thotal, A = — 0.045 * 0°033t0tal,
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'
=l sinab from b—ces
sin(2f) = sin(2¢,) FEY

PRELIMINARY
BaBar o.r14io.032io.o18
H—]
hep-ex/0703021
Belle 0.642 £0.031 +0.017
PRL 98 (2007) 031802
Average * 0.678 + 0.026
HFAG
0.5 0.6 0.7 0.8
b } ccs CCP |Moriond 2007
PRELIMINARY
BaBar § 0.049 +0.022+0.017
: O
hep-ex/0703021
Belle : -0.018 + 0.021 £ 0.014
T
PRL 98 (2007) 031802 :
Average § 0.012 + 0.020

HFAG

'

-0.12 -01 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1



sin(2f) = sin(2¢,) FEY

BaBar
hep-ex/0703021

PRELIMINARY

0.f14 +0.032+£0.018

0.5

Belle 0.642 +0.031 £+ 0.017
fr————
PRL 98 (2007) 031802
Average * 0.678 + 0.026
HFAG %
0.6 0.7 0.8
b } ccs CCP |Moriond 2007
PRELIMINARY
BaBar 0.049 £ 0.022+0.017
L
hep-ex/0703021 :
Belle § -0.018 + 0.021 + 0.014
T
PRL 98 (2007) 031802 :
Average : 0.012 +0.020
HFAG :
-O‘.1 -0.‘08 -O..06 -0.‘04 -O.‘02 6 0.J02 0.64 0.66 O.E)S 0.L1

-0.12

> ,
sin2b from b—ces

|Moriond 2007

PRELIMINARY

=

_ l 1 1 1 1
0'-20.2 0 02 04 06 08 1

© |

o 4 solutions for b from the

b — ces sin2d measurement
13



The 4-fold ambiguity inD - resolved ?

0 Reduce 4-fola ambigui‘cg to 2-fold ambigui’cg @ — /2 h) bg measuring
(the sign of) cos2b. Negative cos2b ruled out by:

ve solution, b = ¢, = (62.7 = 1.0)°

0, |

PRELIMINARY

0 Time—depewalewt palitz awaLgsis of
BS = D TDTRO ; B

Bagar: PRD 74, 0_91101 (2006),_94% cL. CRLLERL 'i'.\'rf':':%
B — D2 (KP ) T RERERES 12
Bagar: he‘P—C)(/OéO:LO:S—, 27—% CcL. 0.8 Q8K :'i}g. ' : %
Belle: PRL 97, 081801 (2006), 98.3% CL. | I e
BS KKK 5 s ek
0.4 N RN W
BaBar: 21° favoured over 69° at 4.60 Level. o 1y o SE
0.2 L e
o Time-dependent angular analysis of o bff LI [~
B — )/ R I . SN\
%4 0 02 04 06 08 1
BABAY : PRD F1, 032005 (2005), £7% CL. P

Belle : PRL 95, 091601 (005). 4 yp colution, b = 0, = (21.3 * 1.0)°
”strongg favoured”
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we already have a 1° measurement of B
- so what next ?

o Achtlle’s talk (yesterday), and the following talks
on 0. and Y will talk about whether 1° measurements
of these angles are possible.

we (B) are already there (expect <1° by the end of B-
factory ruaning)

QRuestion: Why push further ?

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 15
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we already have a 1° measurement of B
- why push further ?

0 AWNSWErS.

SuperB

Katherine George. 5th Super B Workshop. Parls, May 9th -11th 2007
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we already have a 1° measurement of B
- why push further ?

0  AWSWErS.
(a) we can - we achaolg know how to do these measurements.
(f wothing else its ‘a really dumb (?) sawi,‘cg cheek’.

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007

SuperB

17



we already have a 1° measurement of B
- why push further ?

0  ANSWErS.
(a) wWe can - we already kwnow how to do these measurements.
(f wothing else its ‘a really dumb (?) sawi,tg cheek’.
(b) The constraints from itndirect measurements will

also be very stringent.

Direct measurement of @4 (=2 in the SM) is tested against indirect prediction
which is fixed by R, (the V ,/V, side) = o
R, now known to 7% from V ; inclusive Tt
: - : am, ~a.
— translates into B indirect of" 1 ,6° 0.5 <A Taken from Guy
. . . - Wilkinson’s talk at
Compare with (Super-)LHCD stat error: _— e Ry B the_January 2007
o LHCb Upgrade

(Super-)LHCD | 2 fb'! [ 10 fb! | 100 fb! i Workshop.

G (stat) 0.66° | 0.30° | 0.09° 05
Looks OK... but precision on R, will 1
improve as lattice improves V, exclusive. &5 "0 o5 1 J
Must plan for R precision of ~2% — (3 ndiect error then 0.5° P

Katherine George. Sth Super B WorkRshop. Paris, May 9th -11th 2007. 18
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we already have a 1° measurement of B
- why push further ?

0 AWNnSWErs.

(a) we can - we achadt; kwnow how to do these measurements.

(f nwothing else its ‘a really dumb (?) sawi,tg cheek’.
(b) The constraints from indirect measurements will

also be very stringent.

Direct measurement of @4 (=2 in the SM) is tested against indirect prediction

which is fixed by R, (the V ,/V, side)

@w known to 7% from V in@

— translates into B dreet of 1.6°

Compare with (Super-)LHCD stat error:

(Super-)LHCb
o (stat)

10 fb’!
0.30°

2 fb'!
0.66°

100 fb!
0.09°

Looks OK... but precision on R, will
improve as lattice improves V , exclusive.
Must plan for R precision of ~2% — 3 indi

Katherine George. 5th Super B

SuperB

= fom
oL
: am, =
0.5 < Taken from Guy
B SR Wilkinson’s talk at
o |V:f b B the january 2007
°: LHCb Upgrade
- Workshop.
0.5~
A [ SUpEre CPR
Observable B Factories (2 ab™')  SuperB (75 ab™ ')

V| (exclusive)
'Ves| (inclusive)
Vas| (exclusive)

'Vis| (inclusive)

4% (*) 1.0% (=)
1% (%) 0.5% (*)
8% (*) 3.0% (*)
8% (*) 2.0% (=)




we already have a 1° measurement of B
- why push further ?

0  AWNSWErS.
(a) we can - we aLreadg kwnow how to do these measurements.
(f wothing else its ‘a really dumb (?) sawi’cg check’.

(b) The constraints from itndirect measurements will
also be very stringent.

(c) Although sgstematics Limited, tmeprovements tn detector-
related systematics will benefit many other analyses.

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007
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we already have a 1° measurement of B
- why push further ?
0 AWSWErS.

(a) we can - we aLreadg kwnow how to do these measurements.
(f wothing else its ‘a really dumb (?) sawi’cg check’.

(b) The constraints from itndirect measurements will
also be very stringent.
(c) Although sastematics Limited, tmeprovements tn detector-
related systematics will benefit many other other analyses.
(d) t’s a ‘standard candle’
() Cmmparisow with complementary measurements of 4 from b—ced and
b—cud.
(2) comparison with penguin b—sqq modes - a ‘standard candle’ assumes
increased Limportance as precision on penguin b measurements increases.

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 21




we already have a 1° measurement of B
- why push further ?

0  AWNSWErS.

(a) we can - we aLreadg kwnow how to do these measurements.
(f wothing else its ‘a really dumb (?) sawi’cg check’.

(b) The constraints from itndirect measurements will
also be very stringent.
(c) Although sastematics Limited, tmeprovements tn detector-
related systematics will benefit many other other analyses.
(d) t’s a ‘standard candle’
() COMParisow with complementary measurements of 4 from b—ced and
b—cud.
(2) comparison with penguin b—sqq modes - a ‘standard candle’ assumes
increased Limportance as precision on penguin b measurements increases.

o Address (¢c) and(d) tn Later slides.

0 There are others which [ may have forgotten § opinion may vary as to the
relative tmportance of the above answers.

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 22




b—ccs at higher luminosities

(Theory § controlling penguins) systematics

, , Limited
0 Expected precision for sinad (J/PK° <) - CDR Table 2-1.

Observable HFAG (~g40 o) B Factories (2 ab™') SuperB (75 ab™")
sin(28) (J/UK°)  ooze 0.018 0.005 (1)
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b—ccs at higher Luminosities

(Theory § controlling penguins) systematics
. , Limeited
0 Expected precision for sinad (J/PK° <) - CDR Table 2-1.

Observable HFAG (~g40 o) B Factories (2 ab™') SuperB (75 ab™")
sin(28) (J/UK°)  ooze 0.018 0.005 (1)

o Swall Standard Model theoretical uncertainty...
AS s =S e - Sin2b ~0(102). Li and Mishima. hep-ph/oe1o120.

= —_ | —~ -4
AS ks =S ks sinzd ~o@o*). Boos et. al. Phys. Rev. B. 70 036006 (2006)

Not important for the (non-Super) § SuperB-factories.
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b—ccs at higher Luminostities

(Theory § controlling penguins) systematics

, , Limited
0 Expected precision for sinad (J/PK° <) - CDR Table 2-1.

Observable HFAG (~g40 o) B Factories (2 ab™') SuperB (75 ab™")
sin(28) (J/LK°)  o.0m6 0.018 0.005 (1)
o Swall Standard Model theoretical uncertainty...

AS s =S ks sinzbd ~o(@03). Li and Mishima. hep-ph/oe10120.

= - ! ~ -4
AS ks =S ks sinzd ~o@o*). Boos et. al. Phys. Rev. B. 70 036006 (2006)
Not important for the (non-Super) § SuperB-factories.

0 Controlling our penguins with the “data-driven” method - using J/Pm° to
control the peng uin contribution tn )Y, ciuchini et. al. - PRL 95, 221204 (2005).
LHCb approach (Fletscher, Eur. Phgs.J. c10 (1999) 299) is to try to measure

CP asymuwnetries in BO —2)/ YK and relate these to BO—)/ YK through

U-Sp L. Taken from Guy Wilkinsow’s talk at the

, . January 2007 LHCb Upgrade Workshop.
Precision of approach has wot yet been evaluated.

SuperB 25



b—ccs at higher Luminosities

(Theory § controlling penguins) systematics

, , Limited
0 Expected precision for sinad (J/PK° <) - CDR Table 2-1.

Observable HFAG (~g40 o) B Factories (2 ab™') SuperB (75 ab™")
sin(28) (J/LK°)  o.0m6 0.018 0.005 (1)
o Swall Standard Model theoretical uncertainty...

AS s =S e - Sin2b ~0(102). Li and Mishima. hep-ph/oe1o120.
= —_ | —~ -4
AS ks =S ks sinzd ~o@o*). Boos et. al. Phys. Rev. B. 70 036006 (2006)

Not important for the (non-Super) § SuperB-factories.

0 Controlling our penguins with the “data-driven” method - using J/Pm° to
control the peng uin contribution tn )Y, ciuchind et. al. - PRL 95, 221804 (2005).

0 Using current B-Factory datasets.

AS(I/y K°) = sin2B.¢-sin2p

= 0.000 £ 0.012 )
o Close to current sgs’cematw ervor.

Belle (BB5sMBRB) : + 0.018

SuperB i w08 o oos o BoBAr (386 MBB) : £ 0.017
AS(JIWK®)

0.004

T

Marco Cluechint.
4th CKM Workaslnap.
Nagoya, Dec. 2006.

Probability density

e
o
o
]

T
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b—ccs at higher Luminosities

(Theory § controlling penguins) systematics

, , Limited

0 Expected precision for sinad (J/PYKO) - CPR Table 2-1.
Observable HFAG (~g40 o) B Factories (2 ab™') SuperB (75 ab™")
sin(28) (J/OK%)  o0.026 0.018 0.005 (1)

o Swall Standard Model theoretical uncertainty...
AS s =S e - Sin2b ~0(102). Li and Mishima. hep-ph/oe1o120.

= - ! ~ -4
AS ks =S ks sinzd ~o@o*). Boos et. al. Phys. Rev. B. 70 036006 (2006)

Not important for the (non-Super) § SuperB-factories.

0 Controlling our penguins with the “data-driven” method - using J/Pm° to
control the peng uin contribution tn )Y, ciuchind et. al. - PRL 95, 221804 (2005).

As = 0.000 +£0.007

_g- 0.008
(72}
b
Marco Cluechint. 3 o00s 0 At 2 ab? (showw).
4th CKM Workshop. g 0 At 30 ab?t: As = 0.000 + 0.003.
Nagoya, Bec. 2006. & | 0 At 75 abt: AS = 0.000 = 0.00777?
...but less thaw the *0.005
....... R “rreductble” systematie ervor. 27
Y

|
Sl,lpe)tB D -0.05 0 - 005 oa

AS(JIyK®)



0

0

(s Hstema‘cics -1)

Source Irreducible Error of sin 26,
Wrong tag 0.007
Physics parameters 0.002
Vertexing Vv 0.012
Background fraction 0.006
Background |At| shape 0.001
Resolution function 0.005
Resolution parameterization v 0.006
Tag-side interference Vv 0.001
Possible fit bias 0.008
Total 0.019

b—ccs at higher luminosities

Tables taken from “Letter of ntent for

KEK Super B Factory” (2004).

Table 4.11: Systematic errors for sin2¢; measured with the J/¢*Ks mode at 140 fb~*.

KEK Super B LOI from 2004
shows Lrreductble sgs’cematic
ervor contributions from.:

vertexing,

Resolution para meterisation,
Tag-side Lnterference.

E)(’crapoLatiows to 50 ab™ show that

O (statistical) = o (trreductble sgs’cematic)

SuperB

Statistical Systematic Total
reducible | irreducible
sin 20, (140 b 1) 0.080 0.014 0.082
(5 ab 1) 0.013 0.002 0.013 | 0.019
(30 ab 1) | 0.004 0.001 0.014
S;exe (101 | 0.080 0.014 0.082
~ (5ab Y 0.013 0.002 0.014 | 0.019
(50 ab ') 0.004 0.001 0.015
Agjexe (O T [ 0.056 0.017 0.070
T (5ab Y 0.009 0.003 0.038 | 0.039
(50 ab ') 0.003 0.001 0.038

Table 4.13: Expected errors at 140 fb * 5 ab * and 50 ab

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007
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Taken from the talk "o —>ces decays at Bagar” given at 4th CKM Workshop. Nagoya, Dec. 2006.
Nuwmbers are from the preliminary Bagar sitnzb result described in hep-ex/060F10F.

Contributions to the s gstematic evvor on stn2b

(At 316 fo*: Total sastcw.ati,o ervor = * 0.019, total statistical ervor = * 0.034)

o 216 fot
" Description of background events "+0.007
" CPcontent of peaking background
" Background shape uncertainties
" Mistag differences between B, and BFLav samples "*0.009
= Cowposition and content of J/Y K°_background "*0.007
* At resolution and detector effects "*0.008
* Silicon detector and alignment uncertainty (£ 0.0005)

* At resolution model

Does wot scale with sqrt(N)

bl

" Beam spot position *+0.008
, +

* Fixed Am, AI'/T "*0.003

" Tag-side interference/DCSD decays

"  MC statisties/bias

Katherine George . 4th International Workshop on the CKM Unitarity Triangle.
Decevaber 12th - 16th, 2006, Nagoya, Japan.

9

"+0.00=2



Taken from the talk "o —>ces decays at Bagar” given at 4th CKM Workshop. Nagoya, Dec. 2006.
Nuwmbers are from the preliminary Bagar sitnzb result described in hep-ex/060F10F.

Contributions to the s 5stemat£c ervor on stn2d

(At 216 fo* : Total systematic ervor = * 0.019, total statistical ervor = * 0.034)
316 fo* — 20ab™
. DCSOH:P‘tLOW O'f: baclegrou.vwl events "+0.007 +0.003
" CPcontent of peaking background
" Background shape uncertainties

" Mistag differences between B, and BFLav samples "*o0.009  *o.004
" Composition and content of J/ K°_ background "*ro.oo7  *o.003
* At resolution and detector effects "£0.008  +0.002
* Silicon detector and alignment uncertainty (= 0.0005)) *0.0005

* At resolution model

Does not scale with sqrt(N) sxo.008 ) *0.008

"*p.002 To.001
*0.002
"*+0.00=2 To.001

bl

" Beam spot position
* Fixed Am, AT/T

" Tag-side interference/DCSD decays
* MC statistics/bias

6

Katherine George . 4th International Workshop on the CKM Unitarity Triangle. *o0.010
Decevaber 12th - 16th, 2006, Nagoya, Japan.




b—ccs at higher Luminosities
(sastematics - )

0 *0.010 @ 2ab* of which [ estimate ~+0.008 is currently “irreducible” with
the current detectors.

Future bmprovements can come from:
0 Awn “improved” detector,
0 use of higher statistics control samples at Super B,
0 Subsequent improvements in upcoming Bakar/Belle publications.

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 31
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b—ccs at higher Luminosities
(sastematics - )

0 *0.010 @ 2ab* of which [ estimate ~+0.008 is currently “irreducible” with
the current detectors.

Future bmprovements can come from:
0 Awn “improved” detector,
0 use of higher statistics control samples at Super B,
0 Subsequent improvements in upcoming Bakar/Belle publications.

0 CPR-wmay be possible to reduce this ervor to =0.005 (total).

Observable B Factories (2 ab™") SuperB (75 ab™ ")
sin(23) (J/¢ K°) 0.018 0.005 (1)
cos(28) (J/v K™") 0.30 0.05
Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 32
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Co mPLi,mewta ry
measurements of 4

Katherine George. Sth Super B WorkRshop. Paris, May 9th -11th 2007. 33
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Complementary measurements of B
BO—)/Yn° and BO— pF ) p ™)

. 0 Same tree and penguin diagrams as b — ces (‘s’
z replaced bg a‘d’)
) x _ . o Penguin diagram has a different weak phase
) D* could have a more significant contribution than
T - ! tn b — cecs modes,
b X T -0 c.sizeable deviations from b — ces may suggest
t Q :; c New Phystes in the b — d penguin topology.
Do+ O e.9." b and gluino masses in the range
i = d 100-200 GeV can produce measurable

differences in value of sinb obtained from
b — ccs and b — ced decags.

BO% D +() D (*) (*) Y. Grossman and M. P. Worah, Phys. Lett. B 395, 241 (1997) [arXiv:hep-ph/9612269].
o DPTD is a CP-elgenstate,
o DD is a cP-adwmixture . angular analysis required.
o DD are not CP-elgenstates, but c=0 and S~-sinzb in the sSM.
0 Penguin contribution expected to be small (~2-10%). Xing, PRD &1, 014010 (2000).
Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 34
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Tlme—de‘]:ewdewt CP AsY mmetries Ln b —ced transitions
(B°—)/Ym°)

222 M BB pairs.

D> )
el 150 MBR paLrs.

'S, HEA Jyn'C,, [

PRELIMINARY PRELIMINARY
BaBar 3 * -0.68 £ 0.30 10.04 BaBar ' . i [-021£0.26£0.06
o ; 1 : i : 1
PRD 74 011101 (2006) | PRD 74 011101 (2006) o
Belle : 0.72+0.4240.09 Belle i | 001£0.20+0.03
o *- J : ; = .
PRL 93, 261801 (2004) } ; PRL 93, 261801 (2004) -
Average * 10.68 4 0.25 Average * § 0.1140.20
HFAG correlated averag'e HFAG correlated average
-1.8 -1..6 -1..4 -1‘.2 -.1 -0..8 ' 06 04 -0..2 0 0.2 -6.8 -0..6 _6.4 _0._2 ' 0 0:2 0:4

0 Current measurements tndicate that S ()/Yn°) and C()/Ppn°) are
consistent with S = -sin2b and C= O.

b—ces
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Tlme—depewdewt CP AsY mmetries Ln b —ced transitions
(B°—DTD)
222 M BB paLrs. D'D Scp VS Cep m

Cep PRELIMINARY

D 535 M BB paLrs. _Br,,.__
BELLE 0.8 g

CP |Moriond 2007

PRELIMINARY

,,,,,,,,,,,,,

BaBar ,-0.84+0.34 +0.06 0.4 -

Moriond 2007 preliminary

Belle — -1.13+0.37 4 0.09 I T
L H

hep-ex/0702031 :

Average i 0.75+026 04

-

HFAG correlated average

24727 T2 TE e A4 d2 1 0.8 -06 04 02 0 02 04 065 0.8

-0.8
+ = 1 " | 1 1 i L
D D CCP % -1.6 -1.2 -0.8 -0.4 0 0.4 0.8

B B H T : ; Contours give -24(In L) = Ax® = 1, corresponding to 60.7% CL for 2 dof cP

apar ; P 011+ i).22 +0.07
Voriond 2007 prefiminary oBelle : Bvidence for direct CPV at 3.20.
hBeIIe‘0702031 -0.91+0.23+0.06 Not cowﬁrmed bﬁ BaBRAYr.

e : | oBelle result Ls outside of physieal region,
Average ! B 0.37£0.17 with the average very close to the bouwdarg.
HFAG correlated average ;

HFAS warning - Lnterpret average with care.

-8 16 -14 12 -1 -0.8 -06 -04 -02 0 02 04 06 0.8'(']



Tlme—depewolew’c CP AsY mmetries Ln b —ced transitions
? (Bvidence for CP Vviolation tn BO—D D)

222 M BB pa'ws.
{'B 185 M BB pairs.

BELLE

0 Not a CP elgenstate. S(D"'D) BABAR —— -0.79 £0.21 £0.06
0 Analyse DT D and 't S(DTD) Belle — -0.55£0.39 £0.12
modles separately. SD"D)Ave. = -0.7440.19
C(D"'D) BABAR r— 10.18£0.1540.04
AD™DT) _ s C(D'D)Belle = -0.3740.22 +0.06
A(D*=DT) C(D"'D) Ave. 0014013
2R sin(25 + ) S(DD’ )BABAR . 2-0.44 +0.22 +0.06
St = 1+ R2 S(D D") Belle . | 5-0.96 +0.43 +0.12
o sy PR i S(D"D") Ave. e 5-0.55 +0.20
1+R2 C(D' D) BABAR = 10.2340.1520.04
o 1 no CPV (and no penguin, C(D"D") Belle 1§ 50.23 +0.25 £0.06
s, =sandc, =c C(DD)Ave. | 0 10.2340.13
0 cosdsinzb #0 at 40 Level.
Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 37
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Complementary measurements of B

D“h’ sin(2B) = sin(2¢,)

BaBar )

H v
hep-ex/0607105

Belle

Average

*

ICHEP 2006
PRELIMINARY

0.4? +0.36 £0.05+£0.07
1

0.78+0.44+0.22
™

: =
PRL 97, 081801 (2006

0.57 £0.30

HFAG

-0.4 -0.2 0 0.2

1 1.2

D”h cos(2B) = cos(2¢,) ETHE

BaBlsélr

PRELIMINARY

#0.54 +£0.08 +£0.18

Lol

T
hep-ex/0607105

Belle

PRL 97, 081801 (2006)

Averiage

+0.40 +0.22
1_-57 -0.53 -0,32

™

SuperB

BO—-DON°

wWith mu.Lt'L—boolg decays

0 e.9. PP—>KP T

o Time-dependent Dalitz awaLgsLs
of the B decay allows a direct
determination of b.

o Measure both cos2b and sinab.

o Belle : cos2b > o @ 38.3‘[0 cL.

o BaBar : cos2b > 0 @ 7% cL.

Without multi-body decays
0 BABAY : hep-ex/0702019

iy 0 siwzﬁeﬁ = 4+0.56 * 0.23 * 0.05
04 2 ¢ 02 04 08 08 1 12 14 15 15 5 23 0 C = -0.2= i 0.16&6 i 0.04
Katherine George. 5th Super B Workshop. Paris, Ma Y_9th -11th 2007. 38



Time—depewdew’c CP AsY mmetries Ln b —ced transitions

(s Hstematias)

Observable B Factories (2 ab™ ') SuperB (75 ab ')
sin(28) (J/o K°) 0.018 0.005 (1)
cos(28) (J/¢v K™Y) 0.30 0.05
sin(23) (Dh") 0.10 0.02
cos(23) (DR") 0.20 0.04
S(J/ 070 0.10 0.02
S(D*D-) 0.20 0.03

o Selected ‘complementary’ measurements of B from b —ced
transttions are not Limited b Y sgs’cematios, statistics or

theoretieal ervors.

o Complementary measurements of b ~few degrees are achievable.

SuperB

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007
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sinzb, ¢ from penguins

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 40
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sin2b in b—s Pewguiw dominated modes

o b—s penguin dominated modes, e.g. B°—@K°_, B°—1'K°,,
BP—= KKK (reconstructed as BO—=K°_K°_K°.), B°—=T°K°_, B —p°K°,,
BO—WK?_, B°—IPPKC_ and BP—fPKC_, are some of the most
Lnteresting places to ook for New Physics effects.
“Of the penguin modes, only oK  really possible at LHCL”. Wilkinson,
LHCb upgrade workshop, Jan 2007

0 Mooes with the smallest theoretical uncertainties are B°—@K°_,
BO—N'KO,, and BO—>KOKOKE.

AS; QCDF pQCD SCET
oKs [0.02£0.01 0.02077 500

wKs 0.13£0.08

p°Ks |-0.0870%

0 How large can As, be in the SM ?
0.02 =0.01

ASr = —netSr— S ‘Ks [0.01£0.01
f Nfes J/YKs ! 0.01 £+ 0.01
ke | 0.10+02 0.03 +0.17
Tables taken fVOVM, chua, l’lC‘P-‘Pl’\/OéOS-BOi. nis =007 L0.07 +£0.14

Proceedings of talk given at FPCP0EC. ™ Ks | 007729 0061992 0.08+0.03
foKs (0.02 4 0.00

aoKs [0.02 +0.01

0.0070 58

K:-ﬁ]ﬂ_() 0.0!
N 0.02700 41

SuperB



sin2b in b—s Pewguiw dominated modes

Hint of sinzb

f ‘Moriond 2007

charmless

< sinzbd

b—ces

sin(2p°

)

(2¢ ") EE

PRELIMINARY PRELIMINARY
’ * BaBar ' +* 0184020+ 0.{0 b—ccs World Average o : ' 0.68+0.03
°§r ! Belle : 007+045+005 | | _ BaBar——— | 012i031¢010

............ | Average e 20120 s Bele * j 0502021000

_ | BaBar 0.16:+0.07 +0.03 | ... Average :  |= = [ 0.30:+0.18
X Belle 0.01+0.07 +0.05 . BaBar * + 0.58+0.10£0.03

......... TiAverage  BMi omsode e Bele | o8as0t0z000
& | BaBar 0.02+0.21 +0.05 __v(_n_lAverage_v_._s_._v_._v_.__ _____ —-&-‘ 0.61+0.07
< Belle -O.31i0.20i0.(€)7 ¥w BaBar 507”02“004
g Average 0144045 xw Belle *- ; 0.30£0.32+0.08

T CBaBar T T 0204016 40,03 | | ....x Average - c— __Jr5m * Lo gpex0M

<& : BaBar —h— : 0.33+0.26 +0.04

o+ Belle 0.05+0.14 +0.05 < :

(T : Belle . 0.33+0.35+0.08
i Average 0.12+0.11 % :

T BaBar Al T 04305068 .o Average | BESEES Bl e
& Belle 0.09£0.20.4 0.6 " BaBar : 0.62 9%, £ 0.02
3 HYEReS U X  Befle e ' 0.11+0.46 +0.07

| .. Average | . batzodg ° Average * ' 0.48 +0.24
o ! BaBar 0.36+0.23 T T T BaBar YT A 0.624 023
. Belle 0.15+0.15+0.07 ¥ Bele * © 0.18+0.23+0.11

R i Average WWeEN ____oeesods| | T Average i ———{ || i o407
¢ . BaBarQ2B 0.23+0.12+0.07 ¢ BaBar Q2B e 041018+ 0.07 £ 0.11
& i Belle 0.09 £0.10 £ 0.05 % Belle 0.68+0.15 +0.03 22,
+.¥ Average . 0.;15i0.(i)9 & Average ' . 0.58+0.13

12 1 08 -06 -04 -02 0 02 04 06 08 I 08 -06 -04 -02 0 02 04 06 08 1 12 14 16

0 N.B.these plots exclude pr°_ and m°m°Ke_which have large statistical ervors

with current datasets.
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’

S

? 2= M BB pa'ws.
'g>) 525 M BB pa'ws.
BELLE

"‘é
|
=

2 2 . % ' 2 150
< 150, S AL [
‘9100 P 201 . :100
c 3 c )]
2 g 100/ 2 50}
w w o ‘ - €
' L
2 al > 1« _ 0
-og S -og Iy A€ L .g.
{ - (]
g 0 E O I E
@05 2 | | E
<V < g x>
5 0 5 5 0 5 R ST
At (ps) At (ps) -7.5 -5 -2 5 0 25 5 7.5
-EAt(ps)
o Sinzb = +058 * 010+ 002 sinab=+o.64 010 *0.04
0 = -0416 * 0.0# * 0.03 C =*0.01 * 0.0+ * 0.05
o > 50 CP observation
Swp% B Katherine George. 5th Super B Workshop. Parls, May 9th -11th 2007 43



sin2b in b—s pewguiw dominated modes

sin2B! — sin2P

I I '
¢K I'd ’
S 0 Theoretieally, Asf ts small and
K positive in most cases.
S 4
0 E)q:enmewtaLLg, As fare all
Kg negative.
0Kg
KKKg
Beneke, PLB 620, 143 (2005)
3KS Mishima, Sanda, PRD 72, 114005 (2005)
Williamson, Zupan, PRD 74, 014003 (2006)
Cheng, Chua, Soni, PRD, 014006 (2005)
Theoretigal correction and uwoertaiwta
I | i
-0.1 0 01 / 02

Plot from A. Lazarro

, Golden wmode experimental uncertainty (as of ICHEP06)
(earar, cHePoe)  ASIN2[



sin2b in b—s Pewgu.iw dominated wmooes

(Systematics)

Observable B Factories (2 ab™')  SuperB (75 ab™ )
sin(28) (J/v K°) 0.018 0.005 (1)
cos(28) (J/v K™") 0.30 0.05
sin(23) (Dh") 0.10 0.02
cos(283) (DR") 0.20 0.04

S(J/w =) 0.10 0.02

S(D*D-) 0.20 0.03
S(6K") 0.13 0.02 (%) )
S(n'K") 0.05 0.01 (%) )
S(K KK 0.15 0.02 (x) |Theoretieally
S(K0) 0.15 0.02 () > Limited
S(wK?) 0.17 003 (+) | 2E7Eab*
S(foK") 0.12 0.02 (%),

0 BO—M'K°_ becomes theore’cwaLLg dominated earlier thaw other Pcwgubw
modes. Proposeol use of “data-driven” methods to control theoretical ervors.
qrossman, Ligettl, Nir § Quinn (hep-ph/0203171),
qronau, Rosner § Zupan (hep-ph/0402027 and hep-ph/0608085).
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a and b n the p-1 plane

b—ces
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B inthe p-1 plane

(Plots from A. Bevan)

06 06
05 ; Now 05 ; 2 ab?
0.4 g‘ 0.4 ;
= 0-35_ = 0.32—
0-2; o.2§~
°-‘S_ 0.12—
OOFU 01 o2 o3 04 b;S' R A T OOF“ o1 02 03 o0 b;é 06 o7 o 61>“1
06
0.5; F5 ab™ 0 “/UPI/LtZ
04_ ob—cesb from HFAG (21.3°).
- ol 0 Assumption ow ervor ‘scaling’:
0_25_ 0 -ta Ren -from CPR Table 2-1.
ot \ o 2ab* (£0.7°) and F#5ab* (£0.2°)
OOFU 01 o2 o3 04 bF.l)s' ~ 06 07 08 08 1
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Using o and B to constrain the unitarity triangle

(Plots from A. Bevan)

06 — <C 06
\ 0sf 2007
o4 Ve N
0.2 E— \\\\ 0.2 E—// \\
0.1 S_ // ::f:;;::i:j:-::: " \\‘_\ 0.1 ;‘
: | Y | | | | | | | ﬁ | | \.‘. \ ; Y | | | | | | |
% 01 02 “o.a‘”6.4"'665"'b.e”'b.7"'b.s'“b.9"' 1 °o"'6.1""0.2"“0.3‘”6.4"'655"'b.e'”b.f”'o.s'“'0.9"' 1
06
ol 75 bt 0 lwpud:s:
: 0 o from Bagar B°—p*p (95°).
0.4 =-_ s AN
F S \ ob— cesbhd from HFAG (21.3°).
" ). \ 0 No input from v.
2/ \ | 0 Assumptions ow error ‘scaling’:
o1l 5 \ 0 O - see Adrian’s talk
v
O 01 02 03 04 05 06 07 08 09 1 0 '& - taken 'FYDVW CDPR Table 2-1.
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The 20 year

= 1 = 1
) 1988 | 1995
? . :
evolution 2 | os|
(1988 - 2018) : | .@
, 0 s 1 1 P 11 1 11 1 0 P | " P B P | n
0 15 year evolution from s 0 as % 050 0S i1>
‘/(.T- F’:t coe 1< 1 [ = 1 [
2000 2003
05 | 05|
@
O s o o5 1% s o os 1
P P
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The 20 year
evolution ?

(1988 - 2018)

0 15 year evolution from
WUT Fit ...

<

0 Only assuming an o and (b—ces)bD
evolution. Note the smaller axis ranges.

0.

0.5

0.4

= o3l

0.2

0.1f

0 .

O

SuperB

Now

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

0 01 0.2 03 04 05 0.6 07 08 09 ’
P

Katherine George.

0.6

05|

= 03]

0,

O

04f

02f

0.4f

0

1 — 1
1988
0.5 - 0.5 |
o o5 o5 1 ©
P
1 = 1
[ 2000
05 | ® 05|
T s o5 1 ©
P
2 ab?
0.6
05[-
o.4f—
ro.s?
o.zf—
a.1f—
01 02 o3 o|4'”h;5" 06 07 o8 o8 O °a:

Rl

F5 ab*

ol

5th Super B Workshop. Paris, May 9th -11th 2007
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05 06 07 08 09
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The 20 year

= 1 = 1
, 1988 1995
evolutiom 2 | .
(1988 - 2018) [ ‘
, o 1 i1 P ' (' P 0 1 " —— —— "
0 15 year evolution from 105 - % 1 05 o0 05 i1>
MT- F’:t cee 1< 1 = 1
2000 2003
05 | 05|
| @
0T 05 o5 1 % s o os
0 OV\,L5 assumiwg an o and (b—ces)bD p P
evolution. Note the smaller axis ranges. — 5 abt
Now 0.6
0.6y 0.6y T
“f It's over here !
O 00 01 0.2 0.3 04 OPS 0.6 07 0.8 0.9 1 O (] 01 0.2 03 0.4 0p5 06 0.7 038 09 1 O (v 01 02
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The 20 year

evolution ?
(1988 - 2018)

0 15 year evolution from
UT Fit

WARNING !

* Just for illustration!

* Past performance is not necessarily
an tndication of future returns |

* Excludes many things e.g. LHCD.

0 Ong assuming an o ano (b—ces)b

evolution. Note the smaller axis ranges.

0.

0.5

0.4

= o3l

0.2

0.1

SuperB

0 0.1 0.2 03 04 05 06 07 08 09 1
P

Now

1 1
| =
1988 1995
0.5 - 0.5 |
T o5 o0 os 1 %TTos o os
p p
L 1 |C' 1
| 2000 2003
5 |- . 05+
) MRS " | PR T | " 0 [ 4 L s 1 PO T Y L4
-1 0.5 0 0.5 1 -1 -0.5 0 0.5 1
P P
> abt F5 ab™
0.6 0.6y
=t It's over here !
0_4; 04— é)
= 0.3; - g 0'3;
o.zé 0-25_
0.1; °~15—
001 62 03 04 05 06 07 08 08 1 °<: 01 02 03 04 05 06 07 o8 08 1
O O ’
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SuUumnmia rg

0 Sub-1° measurements of%m

Effort needed n reducing the “Lrreductble” systematices:
vertexing, tag-side interference ana beam-spot.

“Data-driven” method to control penguins will prove even
more useful at a higher lLuminosity.

0 Experiments tn a hadronic environment are not
competitive for:
the ‘complementary’ (b —ced) measurements of b, (not
sgstematws statistics or theoretica Ly Limetted at Super B)

the ‘alternative’ (b—s penguin) measurements of b
(theoretloaLLg Limited at Super B).

o Not the raison d’etre for Superd, but measuring b
Ls a necessary part of the program.

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 54




Need meore slides ?

Katherine George. 5th Super B Workshop. Paris, May 9th -11th 2007 55

SuperB



sin2b in b—s pewguiw dominated wmooes
=-A, HEAG sin2B™") = s (2¢1 BYEAG

PRELIMINARY PRELIMINARY
. BaBar -~ -~ - — - 0.18+0.20+0.10° _Q___,.g_c_s.___'_\(\_lq(l_d_Ay_e_rgge _______________ : T 0.68+0.03
x Belle -0.07 £ 0.15+0.05 o BaBar 0.12+0.31 £0.10
= Average ; . 0.01+0.13 % Belle 0.50 +0.21 + 0.06
T TBaBar T T8+ 0.0750087| | T Average i 0 v |- R 039+0.18
% Belld T 0.01+0.07+005 | [ o BaBar : LT OB 000003
& Average f‘" ' .0.09+0.06 f_ Belle 5 . 0.64+0.10 £ 0.04
T T BaBar T e — T TT0002+0.21£005 | ..o ,. Average - . - . IO, 0.61+0.07
>‘m Bellq _0_3;1 +0.20+0.07 xm BaBar : 0.71 £0.24 £ 0.04
|0 Average | = 2 . 0.14%0.15 ¥ BDalle ' T 020032098
- BaBar : 0.20+0.16+003° | ... X nverage S S = & IO poe029 |
X Belld 0.05 +0.14 + 0.05 & g:ﬁ;:r : : : 8'22 i ggg : g‘gg
......... g.-_A.V(.ar.a.g?---- = ..-,-..,-.-,-.-V_.-,;_A -012.1_01.1- %k Average : 1 ; : o 0.33;0'21
82 BaBar f 041 %020 | bo--o-- 5 BaBar TR Rt b T
> Averade : 064+ 0.46 > BaBar 5 : ;02040524024
..-.S‘.-_._.-._._B._._B.,.S _________________ e L S l.-.;0_25.4_. ........ ©, Average : ; : 0.20+0.57
o Dabar ; 0.43 §EE005| |- S BaBar T T eeE N T 008
g Delle ; 0.09 +0.29 +0.06 X Belle —ia g 0.1 +0.46 + 0.07
... Average  {—= = ... 021+0.19 ° Average ; : — 0.48 + 0.24
o  BaBar T ——ph | 086E028| e gggay T T S 061058
S  Bele : 0.t5+0.15+0.07 % Belle : E L 0.18+0.23+0.11
. Average =~ I ©002£013 | | ~* Average : B 0.42+0.17
X "'BaBar ; 0:33+052£0437 [ BaBar R JaSatenes \"aaen T B O 4 0,08
........ o Average  fm———————— | 0234054 || ®  Average |—— = 0.72+0.74
% * " BaBar Q28 e 02340154007 | ["% BaBarqeB L G Y 0B 0,07 £ 0,11
¢ Bellg (RS 0.09 +£0.10 + 0.05 « Belle 5 4~ 10.68+0.15+0.03 7575}
L Average. . . . ik ¢ 0.15+0.09. t Average i 0.58+0.13
-18 -16 -14 12 -1 -08 -06 -04 -02 O 02 04 06 08 1 12 14 16 138 3 2 -1 0 1 > 3
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Average of sinab = stn2(,

sin(2[3) = sin(2¢,) EIe

PRELIMINARY
BaBar , I 0.71 % 0.03  0.02
hep-ex/070302 . -

Belle 3 : un 3 0.64 +0.03 + 0.02

PRL 98 (2007) 031802 : |

ALEPH : . 0, . 0.847982+0.16

PLB 492, 259-274 (2000) = 1 '

OPAL 3 : | 3.20 152+ 0.50,

EPJ C5, 379-388 (1998) [ "

CDF g A N 0.79 "4

PRD 61, 072005 (2000) [

Average : | 0.68 + 0.03

HFAG : : r -

-2 -1 0 1 2 3
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Time-dependent transversity analysis of B—)/ K’

Iy K’ sm(ZB)_sm(Z(l)l) HEAG Jhy K cos(2B) = cos(2¢,) BTN

PRELIMINARY PRELIMINARY
BaBar P -0.10+0.57 + 0.14 BaBar 3.32 *07€ 4+ 0.27
I e f : I H*— H
PRD 71, 032005 (2005) | { PRD 71, 032005 (3005)
Belle P 0.24 + 0.31 + 0.05 Belle 0.56+0.79 + 0.11
= — { I * {
PRL 95 091601 (2005) | i PRL 95 091601 (2005)
Average § * 0.16 + 0.28 Average * 1.64 + 0.62
HFAG HFAG
4 08 06 04 02 0 02 04 06 08 1 0 1 T, 3 4

BABAr : 82 M BE paLrs.
Belle: 275 M BR palrs.

D
o
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