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Standard Model .

theories which give the link from quarks to hadrons
OPE /HQET/Lattice QCD .... Need to be tested




Short review
on the Inputs
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My kin(1GeV) = 459 0.08+ 0.01GeV  4.23(mb(mb))
m. i, (1GeV) = 1.13£ 0.13+ 0.03GeV
U2 = 0.31+£ 0.07+ 0.02GeV
Pp? = 0.05£ 0.04+ 0.01GeV
terms 1/m® (under control?)/small !

V(inclusive)= (41.4 £0.6 £ 0.7(theo.)) 20

Exp + (M2, M., Pp --.-absorbed N
Pert. QCD. a, terms 1/ngt
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Based orHQET

2
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A LAY Ry LR LA LR RN AR A \

Aleph NN || . II 412+ 0.67 + 0.62 + 0.35

Conservative approach

Opal NN II i II 4.00£0.71 £ 0.59 £ 0.40 syst. fully correlated
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(4.09 +0.46 +0.36) 19
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Exclusive methods 7
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Error : dominated by form factor

errors as F(1) in i,
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‘Oscillations in B, system Am, ‘

g 2.5 e e [ s
E Wmld aver age {pr el)
B 2 a _ .
s - + data+tlc & 95%CLIJmJt14.4ps o
o [ - L6d5c - sensitivity 19_?.
1.5 - I3 datatlédso .
L [ data+ 1645 G (stat only) H‘H 8
r i
i |

——

i
‘ N

RS ,a\ -
; L] (T 1
R Ll
05
&
[
I L
R N N S DU B I N S Loy [ Am, = 4ps' Am, —6[:)5'1 ,é.mszgps'1 /_\m=13ps'1
0 2.5 5 7.5 10 12,5 15 17.5 20 228 2§ 1 2 -1 £=1.2440.08

-1
—Am, =18 ps
& =124-008

-1
m, = 25ps

Am, (ps™) =
0.8
0.6
04
0.2
0

LEP/SLD/CDF_I -1 -08 -0.6 -04 -0.2 O ;0.2 04 06 038 E)




FNAL RELATIVISTIC
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SUMMARY

B
B,
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e Calculation partially unquenched
e (N=2 or 2+1) in agreement
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Chiral extrapolation : light quarks simulated

typically in a range [I2 - m/]
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1.05+£0.05 SU(3) effects factor



CP violation comes from interference between
decays with and without mixing
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\/ .= 0.2196 + 0.002
1%

_ \/ .= 0.2269 + 0.002

Using unitarity V2, +V2us+%b=1 ,o(Vyo = 1A a(V,y) l

\/ 4 =0.9736 + 0.0005

2.20 discrepancy

Attributing it to an_understimate of syst. error (theo/exp)
(an unlikely stat. fluctuaction) inflate the error




Treatment of the inputs
Ex : B =0.86%0.06 (Gaus.) £0.14 (theo.)

Scan | Rfit Bayesian

p.d.f.

from convolution

(sum in quadrature)
FEEL] a|1

Likelihood

summing linearly ~ | Likelihood
the two errors

AL ke hood
H 5
|

Delta Likelihood

., \ Delta Likelihood
o S i (R o e,

[0.68-1.06] [0.76-0.98] At 68% CL
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FIT COMPARISON-same inputs

-1

Q 99% C.L.

RFit
— Bayesian fit 0.8
0.6
Q 95% C.L. 0.4
All constraints M 0.2
-0.5 0 0.5 1 0-1 -0.5

Ratio RFit/Bayesian Method

Parameter 5% CL 1% CL 0.1% CL

P 1.42 1.34 1.12
{7 1.18 1.12 1.05
sin 243 1.16 1.16 1.17
v 1.51 1.31 1.09

Quantitative differences
In the selectedd,n7) regions

Ratio between sizes of
intervals corresponding
to a given CL

between Bayesian and frequentist

are small



“The main origin of the difference on the output quantities betwleerBayesian
and the Rfit method comes from the likelihood associated to the gojautities”

‘Both methods use the same likelihood

1 1 . c 1
- RFit
0.8 — Bayesian fit 0.8
06| 0.6
0.4 Q 95% C.I_. 0.4 Q 99% C.L.
02! All constraints 0.2
RFit likelihoods
0 05 0 0.5 1 0 0.5 0 0.5
r

Conclusion of the CERN Workshop:

"If same (and any) likelihood are used the output resultare very similar”

-~l_a



Parameter Value Error(Gaussian) Error(Flat)
A 0.2240 0.036
V, (x1073) (excl.) 42.1 2.1
V, (%1073) (incl.) 41.6 0.7 0.6
V,, (¥104) (excl.) 33.0 2.4 4.6
V,, (%104 (incl.) 40.9 4.6 3.6
Am, (ps?) 0.503 0.006
Am_ (ps™) > 14.4 pst at
95% CL
m, (GeV) 167 5
m. (GeV) 1.3 0.1
. \Bs, (MeV) 223 33 12
& 1.24 0.04 0.06
By 0.86 0.06 0.14




Combination of V', andV , incl/excl

No correlation between the incl/excl measurements

V,=(415 +£0.8) 16 V,,=(357 £3.1) 16
< ; < \
V,x10° Differences if : | vti,xm"s‘o

If the theoretical/statistical errors are
- Convoluted (Bayesian)
- Linearly (frequentist-Rfit)

(difference of ~20% @ 95% C.L.)
V., know at ~2%

Precision driven by incl. method

V,, know at~10%



Results on
Unitarity Triangle parameters

Buras,Ciuchini,Franco,Lubicz,Martinelli,Parodi,Read, Silvestrini,Stocchi



Cruclial Test of the SM In the fermion sedtor
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sin2B = 0.734 + 0.054 (0.628 - 0.840) B JAP KO,

‘sinZ,B: 0.695) 0.2 (0.562 O.78| | from sides-only |




Fit of the Unitarity Triangle in SM

05

+ 0.029

0=0.162+ 0.046 n=0.347 1 3%
[0.067- 0.255] @95%C L |[[0.291- 0.403] @95%C L




Indirect determination of the UT angles : sina;, sinZ and y

90°
é’ [ %‘ 3 _%‘0.06 -
= L5T o 10 = |
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A [ Ay s5E o i
Iy : 0.02 -
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0-'_1 05 0 05 1 0002 04 06 08 1 0050 oo 150
sin2ao sin2f3 Y
sinzy=- 013 o sin23 = 0.705 0.035 y = (65% 7) degree
[-0.58- 0.41] @95% C L. [0.631- 0.777] @95% C L [50.5-79.8] @95% CL

y>90° Prob~0.001

WithoutAm, y> 90° Prob~0.005



-1 -0.5

RED: WITH ALL CONSTRAINTS /BLUE: WITHOUT Am

By removing the constraint fromAmg y= (65+7)° — y= (60 + 9}

y> 90° Prob~0.005



Without limit onAm,
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Am, =20.9+ 4.0ps®
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Indirect determination of the non-perturbative QCD parameters

2 | 2 2
D o4f 2003 | 2
Q i Q Q
-c. 3k -CE © 2
o) I L )
o : -g 0.02 -8
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i s 1
1 0.01 |
ob ABS . L
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(o e 3
+ 0.11 .
Bk =0.66_ fg /B, =212.5¢ 120 MeV
[0.51- 0.95] @95% C L | |[190.5- 2435] MeV @95% C L

Bk =0.86+ 0.06t 0.1. f, \Bs, = 223+ 33 1Mev ¢ = 1.24£0.04 0.0/
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Using : EC
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150
So in particular
knowing ¢ 100 5
Using : /m
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150

100
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B« =065

- 0.08

[0.51- 0.96] @95% C L

f, \/Bs, =20377 Mev

[180- 242] MeV @95% C L

+ 0.26
- 0.13

Bk =0.67

[0.47-1.27] @95% C L

i _ +38
fg \/Bs, =206 3 MeV

|[162- 278] MeV @95% C L

You can take this examples to show how the system is startingoteebensrained



Looking for"New physicS by measuring Am

Red lines:e(Amy) = 1.0, 0.5, 0.2, 0.1 ps
Blue line: all errors divided by 2

10 - | Amg> 26pst New Physics at 8

pull

>30.5pst New Physics at 6

Almost independently of the
precision on the measurement/oh,

5 30
‘o | If the value measured favm, will fall
50 in the SM region [(12-26)S]
v i important theoretical improvements
-15
0 10 20 30 40 50 have to be forseen to test the SM

S
; yd*rectﬁlrect J/\

15 20 25 3AAm, 10 5 0 Dr'eltatgm)




pull

Looking for"New physic§ by measuring

10

Suppose/ can be measured
with an error of 10

y>100" New Physics at &

-5 _
with an error of 8
10 y>90° New Physics at &
Importance of reducing some theo. errors
v
15 T R (¢,B,...) to perform a more powerful test

of the SM

y (degrees) for ex: if all theo. errors/2

Red lines:o = 20, 15, 10, 5 degrees

. . y >80 New Physics at 8
Blue line: all errors divided by 2



Red lines:o(sin2) = 0.2, 0.1, 0.05, 0.02 Blue line: all errors divided by 2

SM prediction without A(J/yK)

pull

sin3 = 0.685 + 0.055

10
> [0.52-0.85] & SM region ifo (sin23)=0.02
= [0.46-0.91] & SM region ifo (sinZ3)=0.05
(today)
-10 ——
-15
0 02 04 06 08 1
sin 23
Improving the precision on si82 Obviously difficult to find any

using A(JyKy ? discrepancy with SM
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SM prediction with A(J/yK))
sinZ3 = 0.705 = 0.035
10

..
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| | | | | |
1 05 0 05 1
sin 23

Measuring sinf using
a different channdB —@K.?

A(pK,) =-0.39 £ 0.41
2.0

Red lines:o(sin23) = 0.4, 0.2, 0.1, 0.05

If the experimental error
goes down by a factor 2
( 0.2

A(pK,)~-04 56
A(pK,) <0 &b



Important progress in the last years

Vg, ~2%

Vi, ~10%

Amy ~1.2%

Am, >14.4 ps at 95% CL
m, ~ 3%

sinZ3 LI7%

B~ 15%

fo,\Bs, ~15%

£-1 ~ 20-25%

p
Success of SM + LOCD/OPE/HOET

Standardissssssimo ‘

Next (in a ~year-time scale) hopes :
Amg , A(QKy)




ADDITIONAL
MATERIAL



The Bayes Theorem:
f(5 3. Xlcy- G) ~ [1fi(ch i ) T] £i(x) fof6. )

—»  f(5.qc)~L(cha)f6.m)



