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MOTIVATION

O In the hunt for New Physics (Supersymmetry) the
Standard Model (SM) has to be scrutinized in various areas

O Two very promising areas are CP violation and rare decays, that
may reveal first signs of New Physics before the start of LHC

(0 BABAR/Belle have measured different CP asymmetries
e.g. sin 2B (YK,) = 0.736+0.049, sin 2p (¢K.) = -0.14+0.33
sin 2a (nx) = -0.58+0.2

= with present statistics this is in good agreemen‘r with SM
prediction that CP violation is due to phase of CKM matrix

O The phase of the CKM matrix, however, cannot predict the
observed baryon-photons ratio: ny/n, = 10-2° <" np/n, = 10-!!

= 9 orders of magnitude difference
O There are new phases predicted in extension of SM

O For example in MSSM 124 new parameters enter of which
4 are new phases
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The Cabbibo-Kobayashi-Maskawa Matrix

O A

convenient representation of the CKM matrix is the

small-angle Wolfenstein approximation to order O(\°)

Vekm =

[ -1af-hat A (A3 (p-m))
A+ AR (L-p-im)| 1-1a7- 10 - 1A%

\[ AN (1-p-im) | —A}»2+A)\.4(%—p—ifn) [1—%A27»4]/

+0O(A®)

with

pP=p(L-12%) and mM=ml-IA%)

O The unitarity relation Vudvﬁb + Vcdvjb + thVt*b =0
that represents a triangle (called Unitarity Triangle) in the p-n
plane involves all 4 independent CKM parameters ), A, p, and 7

O A=sin6.=0.22 is best-measured parameter (1.5%), A~.8 (~5%)

while p-m are poorly known
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MOTIVATION

(O SM tests in the CP sector are conducted by performing
maximum likelihood fits of the unitarity triangle

O Present inputs are based on 7 ,
measurements of B semi-
leptonic decays, Amy, Am,
a.,(WKs) & |lgg| to extract

A, Do M

O Though many measurements
are rather precise already
the precision of the UT is
limited by non gaussian C
errors in theoretical quantities
™(b—u,clv), By, fgvBg, &

A BO—xtn—

B—DK VepVed

O CKM tests need to be based on a conservative, robust method
with a realistic treatment of uncertainties to reduce the
sensitivity to avoid fake conflicts or fluctuations

O Only then we can believe that any observed significant conflict

is real indicating the presence of New Physics
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Global Fit Methods

O Different approaches exist:

» The scanning method
a frequentist approach first developed for the BABAR physics book
(M. Schune, S. Plaszynski), inm=====jp»- extended by Dubois-Felsmann et al

» RFIT, a frequentist approach that maps out the theoretical parameter
space in a single fit A.Hécker et al, Eur.Phys.J. €21, 225 (2001)

> The Bayesian approach that adds experimental & theoretical errors
in quadrature M. Ciuchini et al, JHEP 0107, 013 (2001)

> A frequentist approach by Dresden group K. Schubert and R. Nogowski
» The PDG approach F. Gilman, K. Kleinknecht and D. Renker
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Model-independent Analysis of UT

New Physics is expected to affect both B B, mixing & B_B, mixing
introducing new CP-violating phases that differ from SM phase

This is an extension of the scenario discussed by Y. Nir in the
BABAR physics book to BB, mixing and b—sss penguins

. S S, .
Y. Okada has discussed similar ideas -

Yossi considered measurements of V. /V ., Amgy, a . Q..
we extend this to Amg,, a, (a ) in addition to g, v(OK)

In the presence of new physics:

i) b—uud: a_ =acp@@*7w . . .
) =2 | o main primarily tree level
b—ccs: a = acp(YK?)

ia) b, g s = Acp(PK?) remains at penguin level

ii) There would be a new contribution to KK mixin
constraint: small &g (ignore new parameters)

iii) Unitarity of the 3 family CKM matrix is maintained
if there are no new quark generations
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Model-independent Analysis of UT

O Under these circumstances new physics effects can be described
by 4 parameters: ry, 64, r,, 6 _
(B, Hiir i)

(B Har' B3

O Our observables are sensitive to ry, 6,4, r.induced by mixing
(no 6, sensitive observable)

S S

full
Heff

SM
Heff

) —_— (rd,seled,s )2

In addition, we are sensitive to a new phase 6. '=¢. -6, in
b—sss transitions

O Thus, New Physics parameters modify the parameterization of
following observables

ang =sin (2 f+20,) a¢Kg =sin (2 B +2¢,)

a, = sin (2 a-20,)

0474 222
Ade = Cth rd AmBS = CthE l’s
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The Scanning Method

0 The scanning method is an unbiased, conservative approach to
extract A, p, 1 & New Physics parameters from the observables

(0 We have extended the method of the BABAR physics book

(M.H. Schune and S. Plaszczynski) to deal with the problem
of non-Gassian theoretical uncertainties in a consistent way

0 We factorize quantities affected by non-Gaussian uncertainties
(A,,) from the measurements

O We select specific values for the theoretical parameters
'™ (B — plv), " (b— ulv), I (b — clv), F + (1), Bk, f+/By, &

& perform a maximum likelihood fit using a frequentist approach
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The Scanning Method

O A particular set of theoretical parameters we call a "model” M &
we perform a x? minimization to determine A, p, 7, ry, 6,, r,, @,

<Y> - YM (Aapar_lard 96(1 ,I'S 9<Ps)® F(X) ?
Oy

xu(A,p,1)= 2(

O Here <Y> denotes an observable & o, accounts for statistical
and systematic error added in quadrature, while F(x) represents
the theoretical parameters affected by non-Gaussian errors

O For Gaussian error part of the theoretical parameters, we
also include specific terms in the 2

O We fit many individual models scanning over the allowed
theoretical parameter space for each’of these parameters

(O We consider a model consistent with data, if P(x%y)nin>D%

> For these we determine A, p, 7, 1, 6,, r,, p,and plot contours

» The contours of various models are overlayed
> We can also study correlations among theoretical parameters
extending their range far beyond that specified by theorists
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The %2 Function in Model-independent Analysis

<Ade>—Ade(A,p,n,rd) .

: <Vch(1)>—A2A4F(1)2)]2+(<de>—l~“r A\

clv
GBclv

Xl%fl (A,p,ﬁ) = [

O Amy, OvaF ()

r 2 ~ - 2 -
+ [<Bplv > - I‘plvAz7L6"7B (P2 +1° )) N (<Bulv> - I‘ulvAzics"f'b(Pz + 772)) . (<8K> - ‘EK‘(A,P,U)
Op

GB plv ulv

Osin2p O Amy, Osin2p

-

, (<a¢KS - sin2ﬁ(p,n,0d)]2 , [<AmBs |- Amy (A,p,7E, ] rd)]2 , (<a¢KS>— sinZﬁ(p,n,tps)]z
3

-

~="  Ogn2p

+(<a,,v1<s>—§ipzﬁ(p:ﬁicis)) +(<am>—sinZa(p,n.@d))2 +(<3DK>‘SinY(Pan))2

Oin2a Gsiny

+ (<BK>_BK)2+ (<fB\ BB>_fB@]2+(W)2+(<mt>_mt)2+(<mC>_mC)2
\ ThBy

+(<mw>— myy )2 . (&)- 5)2 +[<1B0>— Ty JZ +[<1B+>— T, ]2 +[<TBS>‘ T, )2
Om O¢ o o Or,




Semileptonic Observables

(O Presently, consider 11 different observables

> vcb
1 phase space corrected rate in
excl: [(R(@=1)= <‘V‘3b‘excl @*(T); B —D’lv extrapolated for w—1

incl: 2/&th branching fraction
incl B(B - XclV) = ‘Vcb‘ 6incl <Tb> at Y(49$) & Z0

affected by

> |V, non-Gaussian
: < uncertainties
excl: |B(B—plv)=Vy, @@Vbrancﬁi?( Igc)xction
a
incl: | B(B— X,lv)= ‘Vub‘z Ty, branching fraction

at Y(4S) & Z°
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KOKO CP-violating & BOBO-mixing Observables

theoretical parameters with
large non-Gaussian errors

/

|
e | [Ex/(A,0,1) = C By A28y (x ) <miSy (xs%)] - AZA*(1- p) sy (x, )}

account for cor'r'elcmon of \ /‘\ / /
m, in m; & Sy

Amgy

AmBs

QCD parameters that have small
non Gaussuan er'r'or's (except n,)

- G: 2
Amy, (A,p,n)Bdm%VSO(xt Aw[(l_ 5y +n2]
- G ¢
Amy (A,p,n)anB m, S, (X, dAZM
\

New Physics scale parameters
ry and r, in BB mixing
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CP-violating Observables in BB System

. - 2n(1-p
> |sin 2([3 from YK sin2(p,m) = [(1 _1’[())2':)7)’2]
x . - 2n(1-p
> | sin 2([3 from oK, sin2(p,m) = [(1 _1’[())2':)7)’2]
’Y 27(n’ +p(p - 1)

> | sin Z(a@ from niw sin2a(p,n) = (pz

il _

. _ 2n
> |y from DOXK sin2y(p,n)= (pz N 772)
\ B O Note, that presently no extra

New Physics phases in BB mixing strong phases in a_. are included

. New phase component in b=s5s o 11 £ 4ure will include this adding

Super B-factory workshop Hawaii, 21-01-04 Cmc in the gIObGI fits




Observables

Observable

Present Data Set

2011 Data Set

Y(4S) B(b—ulv) [10-3]

1.95£0.19,,,+0.31,,

1.85+0.06,,,

LEP B(b—ulv) [10-3]

1.71+0.48,,,+0.21,,

1.71+0.48,,,

Y(4S) B(b—clv)

0.1090+0.0023

0.1050+0.0005

LEP B(b—clv)

0.1042+0.0026

0.1042+0.0026

Y(4S) B(B—plv) [10-3]

2.6810.43,,,+0.5,,

3.29:+0.14

IV, IF(1) 0.0367+0.008 0.0378+0.00038
Amgy [ps~!] 0.502+0.007 0.502+0.00104
Amg, [ps!] 14.4 @90% CL> ( 25+ 1

ey | [10-3] 2.282+0.017 2.282+0.017

A 0.2235+0.0033 0.2235+0.0033
sin 2B from YK, 0.736+0.049 0.736+0.01

sin 2B from ¢K,; (n'K,) -0.14:0.33 ( 0.6:+0.15

sin 2a -0.4+0.05

sin y 0.7+0.15

(3 For other masses and lifetimes use PDG 2003 values
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Theoretical Parameters

Parameter Present Value Expected Value in 2011
Fu~(1) 0.87 — 0.95 0.90 — 0.92

I'(clv) [ps-!] [34.1 —41.2 35.7 —39.2

T(plv) [ps-!] |12.0 — 22.2 11.0— 134

T(ulv) [ps-!] |54.6 —80.2 60.6 —76.9

By 0.74 — 1.0 oy, =+0.06 |0.805 — 0.935 oy, =+0.03
faVBag [MeV] | 218 — 238 oy, 5, =230 | 223 — 233 Ogppp =210

g 1.16 —1.26 0. ==0.05 |1.16 — 1.26 o, =+0.05

ub 1.0 —1.64 1.0 —1.64

" 0.564 — 0.584 0.564 — 0.584

M3 0.43 — 0.51 0.43 — 0.51

Mg 0.54 — 0.56 0.54 — 0.56

Super B-factory workshop Hawaii, 21-01-04
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Error Projections for CP Asymmetries

PEP-II, KEKB Super B-Factory >201g

>
2006 2009
a
$51.0
< Hsin(2B+y)
g (I*j b; N
5 RIS AN
<) ULSAAEL \:Q\
t pJI N \\E\
W N N
\\\ \:\\\\\
\\:\
] . ™ \s‘\
10- T/pK, ARY RN
N N \\\\\\\
\\ \\:\\:\
N RN
\\ N By \§§\
\\\ ~R
10-2 v
10_2 10-1 1 10 102
now Integrated Luminosity [ab-1]
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Present Status of the Unitarity Triangle in SM Fit

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

O SM fit to A, p, M using present data set

sin 28 AMe, \

}
|
\

\TT

R R ERERRRRERRRRRR/ERRRRRRRRRREN
RERAE RALSHRELR] ]
\..
\

J X ' r
contour or

- inelivielel Fiy

central values

from individual
fits to models

~ Overlay of 95% CL

=t [TTTT

-0.2 0 0.2

1 contours, each

represents a
“model”

O Range of p-n values resulting from fits to different models

0.116 < p < 0.335 *9-927

Super B-factory workshop Hawaii, 21-01-04

0.272 < =0411

+0.036
-0.026
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Present Results

Parameter | Scan Method

P 0.116-0.335, o-+g &27
n 0.272-0.411, o=+3:338
A 0.80-0.89, 0'-%%2284
m, 1.06-1.29, o-+g :g

B (20.7-27.0)°, o=+%1
a (84.6-117.2)°, o 54
Y (40.3-72.5), o %33

Super B-factory workshop Hawaii, 21-01-04 G. Eigen, U Bergen
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Present Status of the p-n Plane

O 6Global fits to present data set including ay., a,, & v(DK)

1
0.9
0.8
0.7
0.6
0.5

HI|EIII|IIII

0.4
0.3
0.2
0.1

0

it IIII|I]II|[II||I]IIII]III]|IIH|I]II

IIJIJJ]!IIIII'IIII[EI[[['||'||II|I]J]1|II

-0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1

P
O The introduction of new parameters ry, 64, r,, & ¢, weakens the
sin 2 constraint

O Weakening of Amgy sm 20. bounds is not visible due to
large er'r'ors |mpac1 o% V/Ve. €. Sin y constraints

m O Negative p region is reJecTed by sin y constraint
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Present Status of r, -0, Plane & r./ry -¢. Plane

O Global fits to present data set including ay., a,, & v(DK)
0.5

0.4
0.3
0.2
0.1

ry-04 plane is consistent with
SM

0.

o Second region (ry<1, 6,<0)

0.2 is rejected by sin y constraint
05

O r,- @ plane is with

SM for some models

O Second region inconsistent
with SM is visible
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Present Status of the p-n Plane

O Old global fits to present data set excluding a, a., & Y(DK)
fitting only to ry, 6,

1
0.9
0.8

sin 28 AMs

AMg, 7

0.7
0.6
0.5
0.4

ANLARRRRARRNFARRRRRRRRRRRY
e

\
\
\

Nub// Vcbl

0.3

\

0.2
0.1

| | |
oo v bl bt by by b b b by by

-0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1

P

= IIII|IIII|III

0

O The introduction of new parameters ry, 6, weakens the
sin 2B constraint Amgy; & Amg, biunds

O Fits extend into negative p region
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Present Status of ry-6, Plane & r./ry-6. Plane

O Old global fits to present data set excluding a, a., & y(DK)
fitting only to ry, 6,

0.5 | 8,

0.4
0.3
0.2
N

-0.1

-0.2
-0.3

O ry-04 plane is consistent with
SM

O Second region (ry<1, 64<0)
is visible

04

_6_5‘.|.\‘|.\‘.\‘.‘|H\.|.\H
0

| 1 1 1 | | 1 1 1 1 | 1 1 1
0.2 0.4 0.6 0.8 1 1.2 1.4 I.6 1.8 2

0 1
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Possible Status of the p-n Plane in 2011

0 Global fits to data set expected in 2011 including fay;. a,, & y(DK)

n 1
0 9 = S'| n 25 AMBG \ ll,.-"i
. AM Bs f{f’!

0.8

//'

/
/

0.7

0.6
0.5
0.4

0.3

0.2

\

, \. | ~
| | | | | | | | | | | | | |I | 1 | | | | | | 1 | | | | | | Il | | 1 | | | | | 1 [ | |

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

0

O Reduced errors yield smaller-size contours and a reduced #
of accepted models

0.1

I
=

O The sin 28 constraint remains weak, now see also weakening
Amg, bound
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Possible Status of ry -6, & r./ry-¢. Planes in 2011

0 Global fits to data set expected in 2011 including fa,;. a,, & y(DK)|

0.5
o 9 O ry-04 plane is still consistent
0.2 with SM
G
e o O Size of contours are reduced
-0.2 substantially
o rq

-0 vt b e

b .2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2.0

O r,- @, plane now is inconsistent®:? | P
with SM for some models 03 £

0.2 |

(O Second region inconsistent 0.:
with SM disappears o E

0B F it b T

N 0 ©oz 04 06 08 { 12 14 156 18
Super B-factory workshop Hawaii, 21-01-04 U. LIgCl, U DClZou 2.0
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Comparison of Results

O Fit Results for parameterization with ry, 6,4, r,, & g

Parameter |Present Results Possible results in 2011
p 0.177-0.372, 0=49922 |0.227-0.313, o=:%-.‘}113
n 0.236-0.473, 0=38.’812? 0.329-0.351, o=+%%,
A 0.80-0.89, o=+3-33¢ 0.81-0.88, 0=+3-9333
m, 1.0-1.41, o=+9%, 1.09-1.29, o=+ %

ﬁ (17.9-28.6)0, 0=t§;§ (23.1-26.9)0, 0=tl;1

a (96.3-123.6)°, 0=+%9 |(101.4-105.1)°, o=+}§
Y (34.4-61.3), o=:g:g (48.1-55.5)%, o=#13

Super B-factory workshop Hawaii, 21-01-04

G. Eigen, U Bergen
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Possible Status of the p-n Plane in 2011

O Global fits to data set expected in 2011 including ay., a

1K) &
m sin 28 AMsq
AMg, /

JUTC ¢

0.9
0.8
0.7
0.6
0.5

0.4

™
=

0.3
0.2
0.1

0

III|IIII|IIII|IIH|IIII|IIII|E TTPTTTI

IIIIillIlll'III|IllJIlIIIIIE:II;IIIIllllI

-0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1

P

'I—' IIII| III|

[ Inclusion of a ... results in reduced countours

n'Ks
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26



Possible Status of ry -6, & r./ry-¢. Planes in 2011

O Global fits to data set expected in 2011 including ay., a,.,Y(DK)

& (@, ¢s
0.5
0.4 F Bd A . . .
ay | ry-04 plane is still consistent
0. -
or b - O Inclusion of a, ., reduces
02 | rqy-64 contour Sizes
—-0.3 E
Fa
-0_5;....|....[;..._.|_..‘.‘....|....|E....|.‘..|‘...|....”
w 025 0.5 0.75 1 .25 I:5 175 2 225 2.5
0.5 g,
O r,- ¢, plane remains E
inconsistent with SM e
for some models 01 £ A
0. :
-0.1 |
O Inclusion of a, . reduces 05 E
r./ry-g, contolr sizes 03 |
—0.4 — rS/rd
'0'5:|Hllilllllllllofalll IHll_zl|'1,|4”'1|,5H|1.|8H|

0 0.2 0.4 0.6
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Possible Status of the p-n Plane after 2011

O 6lobal fits to data set expected in 2011 including a,.. a,. & v(DK)
with a,,=-0.96+0.01 & a,,=-0.95+0.05

1

09 F

08 F

AMg,

sin 288

e
AMEs /
7

07 E
06 £

05

0‘4 E ol TR /‘
[ |Vub/vcb| / =
0‘3 i_ EK /// . ) //

0.2 . L i
0.1
0 - 1 1 I | | | | | [N | |'. | L1 I 11 1 I | | | [ I | | ::| Ll | | | | | ] 1 1

1 N naAa N A n" n n"2 na nAa new 1

O Using Belle central values with small errors changes the picture
= obtain 2 separated regions in p-n plane

0 Weakening of sin 28, Amyy, Amg, & sin 2a bounds is apparent now
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Possible Status of ry-0,4 & r./ry-¢. Planes after 2011

O 6lobal fits to data set expected in 2011 including a,.. a,, & v(DK)
with a,,=-0.96+0.01 & a,,=-0.95+0.05

0.5

0.4
0.3
0.2
(O
0.
—0.1
—-0.2
—0.3
—0.4

s

| 84 3 ry -0, plane is shifted to
3 ry>0, 6,50 values
] - O Size of contours are reduced
3 substantially
3 O r4-64 plane is now inconsistent
f— rd °
Y ¢ 1Y - J) S S AN S PR IS R PPN B arifir WI‘I’hSM
0 0.2 0.4 0.6 0.8 1 1.2 ] 1.6 1.8 2.0
1.5: ms
2 ¢;>0 regions are favored
o o 0.5 :—
r.-¢; plane now is highly :
inconsistent with SM 0.
-0.5 f—
-1 r./ry
AR IS e NS TR 21 DI R NS T SR R LN,
| 0.2 0.4 0.6 0.8 ! 1.2 1.4 1.6 1.6 2 o
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Conclusions
O Model-independent analyses will become important in the future

O The scanning method provides a conservative, robust procedure
with a reasonable treatment of non-gaussian theor. uncertainties

mmmmmP> This allows to avoid fake conflicts or fluctuations

mmm==d> This is crucial for believing that any observed significant
discrepancy is real indicating New Physics

(0 Due to the large theoretical uncertainties all measurements are
presently consistent with the SM expectation

Deviation of a..(dK:) from a(YK.) is interesting but not yet
significant, sirrc\'?far scommenfcﬁugfds? for Belle's sﬁ & A re.ZulTs

If errors get reduced as prognosed, p-m plane will be
substantially reduced in 2011

The fits indicate that the impact of New Physics may be less
visible in p-n plane but show up in r -6, or r.-o. planes

a

O

In the future we will incorporate other sin 2o. measurements
and add further parameters for strong phases

It is useful to include sin(2B+y) from B—D)x modes
Super B-factory workshop Hawaii, 21-01-04 G. Eigen, U Bergen 30






