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3 mysteries
> 3 family structure ! ?
quarks ¢ leptons
> family replication !?
why 3 families? Is 3 fundamental?
» pattern of masses & mass related
quantities ¢« CKM
> appears highly nonaccidental

» neutrinos massless?



2 strategies for obtaining answers

Strategy (A)

> have enough data!

» solve remaining fundamental
challenge: bring gravity into
quantum world!

= family structure as side effect

“Le Penseur"
Strategy (B)

nature might have a few more
surprises up her sleeves -- need
more hints from nature!

“David”
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©® increasing sophistication of

theoretical technologies
® pushing back new fro




=

=

New Chzille es Thé

regain theoretical control over €’/e!
develop reliable quantitative
predictions for CP asymmetries in B
decays!

refine those predictions into precise
ones!

establish theoretical control over

DY - DO oscillations and CP violation!
develop comprehensive strategies to
distinguish between different New

Physics scenarios!



o Charged Current Clings of Quarks
2 the unreasonable success of CKM
2 extracting CKM parameters

> Nonleptonic Decays
2 Hy, & H_ lifetimes as validation studies
2 exclusive NL decays B -» M, M,
2 quark-hadron duality

o CP Violation
a €'le
aAB#0

o The Search for New Physics

»¢ comments on theoretical uncertainties

2 future CKM trigonometr

a “exotica™ K 3, EDM’s, AC # 0
2 “Textures”
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I.1 The unreasonable success of the
CKM description

Ade (box)

mnx(observ) /

Amyg (box)

Amg(observ)

I *’l
MeV

l(] [j](] H][) 1(]104}10*

‘small IV(td)l offset by large m; |

?



could always be “accommodated”™ --

whether

IV(td)l ~ A2, IV(ts)| ~ A and m, ~ 40 GeV
or
IV(td)l ~ A3, IV(ts)l ~ A2 and m, ~ 180 GeV
yet

IV(td)l ~ A%, IV(ts)l ~ A and m, ~ 180 GeV
or

IV(td)l ~ A3, IV(ts)l ~ A? and m, ~ 40 GeV

would have been a clear inconsistency!



I 1.2 The (important) Details

PDG 2000:

> without imposing 3 family unitarity

/ IV (ud)l IV (us)l IV(ub)l \

0.9735+0.0013 0.2204+0.004 0.003+0.002 ***
IV(cd)l IV(cs)l IV(eb)l
0.226+0.007 0.880+0.096 0.040+0.003
IV (td)l IV (ts)l IV (tb)l

0.05+0.04 0.28+0.27 0.5+0.49 \

» with imposing 3 family unitarity

4 N\

V(ud)l IV (us)l IV{(ub)!
0.9750+0.0008 0.223+0.004  0.00320.002

IV(cd)l IV(cs)l IV(cb)l
0.2224+0.003 0.974240.0008 0.040+0.003

IV(td)l IV(ts)l IV(tb)l
\ 0.009+0.005 0.0394+0.004  0.9992+0.0002



[.2.a. Theoretical Technologies for QCD

m, <A chiral pert. th.

‘ m,> A 1/ m, expans. (?7)

m,>>A 1/ m,expans. !

lattice

I, ~0 (A) perturb. dynamics
‘ QCD

> 1/mg expansions

* > lattice QCD (= Kenway's lecture)
> quark models (properly used)

—» ground prepared for fruitful feedback

w both defined in Euclidean space
= both “mature”
- similar as well as different expansion parameters

- lattice QCD provides input to 1/m, expansion 10




~ 1.2.b. Extracting CKM Parameters

main tool (so far): 1/m expansions

> conceptual convergence

e.8.: = [B-1vX) yet
OPE — I'(B - cudq)

}' I'(B - ccsq)

~ 0.k.
, numerical convergence in basic quantities
_4.56 +0.06 GeV weve
(kinetic) my(1 GeV)="14.57 £0.04 GeV Ho
4.59 £0.06 GeV B s

error estimates quite possibly overly
optimisitc, but not foolish




Caveat:

all three analyses based on Y(4S) region;
i.e. not truly independent!

essential quality/selfconsistency check
shape of spectra in SL B decays

depend on m,, m, - m_, u_*[A,]

w Ap=MH,) -myw asm, —
w 1= (B|6aDY [B)/2M,

B-o1vX Fa Lu Sa

Epp: <E'> —— A

moments of ><

. )
Eigg: <Epd"> — WU,

jury still out ...



V(cb) I

2 methods with best theoretical justification
@ ‘exclusive’

B = lvD* atzerorecoil —

T IV(cb) Fp. (0) |
S

C- =1+0 (1/m2) + O (&)

== the challenge!
( 0.89+0.08  Uraltsev etal.
Fps (0) =< 0.9131£0.042 BaBar Book

_ 0.935+0.03  prelim. lattice:
@.935 + 0 0272 +0.003 AK et al.

~0.011 SRR
+ 0.008 20.620 )

will use:  Fp. (0) =0.90 £ 0.05

13



data:
, CLEO for ICHEP2000
IV(cb) Fru(0)l =(42.4%1.8lg, 2 1.9l )% 103

- IIIIV(cb)I = (47.122.0 | g 1211, £2. 11 )X 10-3
, LEP for ICHEP2000:
IV(cb) Fiy.(0)] = (34.9% 0.7, 1.6, )x 103
IV(ch)l = (38.840.8 |y £1.8l4y £1.714)x 103

» = AIV(cb) Fp(0)l = 7.5 x10-3
= keeps me sitting on the fence

concerning the observation of B,
oscill.

Future:

very hard to reduce theoretical uncertainty!
14



< ‘inclusive’ -- total SL B width
[ (B) <« my° (1+0 (1/my?) + O (o))

Cﬁa challenge!

[actually I'g; (B) o< (my, - m_)’ my” |

lots of new CLEO data on tape -- but not analyzed!

new LEP data:

V(e = (40.76 £ 041 |, £ 2.0],) X 10-3

IV(cb)l = 0.0411 \/ %3 b —»1vX) X

w: —0.5
0.2

00301, +0.020I, +0.024|, ,,,,ﬂ)

Bi1 Sh Ur Va

| - 0.024 [ X

X

Future: not unrealistic to reduce
theoretical uncertainty down to ~2%!



V@MI

© first methods
4 energy endpoint spectrum

(i.e., kinematical discrimination)

&

“old analysis’

V(ub)lgpgp = (3.2 £ 0.8) X 10-3
> strong model dependance so far
> yet can be reduced considerably!

> endpoint different for B; and B*}



2 exclusive semileptonic modes
B = 1lvrm lvp
V(ub)l,,.=

(3.25+0.14l +0.551, )x10°3

o strong model dependance so far

+0.271

stat syst

2 input from QCD sum rules

o waiting for lattice QCD

17



® new method on the scene:
determine I'g (B - IvX)

V(ub)l = (4.04 £ 0.4l £ 0.46l, T

sta
+0.25l,,, syse £0.021, £0.19ly5g) X 107
> good theoretical control  BishUrva
> experimentally very challenging

® future method

measure the hadronic recoil mass spectrum

d
——T' (B =IvX)
dM, Ba Ph Ki

QCD compatible descript:
DiUr,BiUrDi,FaLiWi
mild dependance on cut-off My ... for
My max ~ 1.6 GeV "



> theoretical refinements under construction to
improve experimental feasibility  Ba Li Lu
> large statistics required

> 10% uncertainty not unrealistic

resume on V(ub) ‘

- considerable improvements in the near
future quantitatively and qualitatively
-

|5

—

. more reliable error estimates

- an uncertainty not exceeding 10 %
appears achievable through dedicated
efforts

- one can entertain hopes (dreams?)
beyond that in the long run 19



V() |

» B, vs. B, oscillations

X4/X, & [V(td)/V(ts)? x IBf(B,)/Bf(B,)I
« could be sensitive to New Physics!

 K¥=antvy

its width is dominated by virtual top quark
contribution

F[Kt=ntvyv) = Vid)V(ts)l
» exclusive radiative decays
'B=>pvy)T'(B=K*Yy) ~|V(td)/V(ts)l?
« could be sensitive to New Physics
« could be quite sensitive to long

distance dynamics

20



systematic theoretical uncertainties?
quark-hadron duality!
< do(quark&gluon d.o.f.)> = <do(hadr.d.o.f)>

éduality

> duality cannot be exact

general expectations:

>y limitations to duality will depend on the
process
> duality violations larger in NL than SL

decays .



beyond?

lots of folklore —

A |
“+ fruitful concepts -- but no theory

3 phases of QCD
~ @ perturb. effects
— @ nonpert. effects -- in heavy flavour

decays

—» @ limitations to duality a new frontier!

different realizations of duality

> global duality

L)

> duality / averaging/’smearing’

> local duality

22



physical origins of limitations to duality
-- exact positions of hadronic thresholds
implementation through "oscillating
terms’
Euclidean exp{-mg/A} —
~— Minkowskian sin(mg/A)
-- sensitivity to “distant cuts’

-- validity of 1/m_ expans. in B = 1 v D*

i,



theoretical tools

» OPE insensitive to duality violations
(yet indirect qualitative lessons)

> exactly solvable model field theories
e.g., ‘'t Hooft model

QCD in 1+1 dimensions, N =

Le Gr numerical analysis suggested
significant or even large violations

of duality

Bi Sh Ur Va analytical analysis %

— truly tiny violations only!

e

e Ur  duality obeyed even in

spectra etc.
24



other tools? redundant determinations!
determine my, m,, - m,, u,? in different ways
> extract V(cb), V(ub), V(td)/V(ts) from B,

decays “hic Rhodus, hic salta!’

more telling than B, vs. B,

V(cb)

- I (B,)

= lepton spectra/moments in B, decays

- B, =1vD* atzero recoil

V(ub)

= hadronic recoil mass spectrum in

B,=21vX
= exclusive semileptonic modes

B;=>1vK,B,=1vK*

25



I1.2 Weak lifetimes as validation studies

Charm

t{D*)> 1(D’| ~ 7(D!) 2 1(E!) > 7(A}) > ‘:(Ef) > Q)

|/mc comments data
expect.
(D" y/t(DY) ~D Pl in wD*) |2.55+£0.034
4 10- 0% consistent updated
TR el
WHVE TN | 2.5140.0640.04
(DY/w(D"% | 1.0 - 1.07 [without “old™
WA 1.125+ 0.042
09-1.3 : “new WA”"
B with WA | .180¢ 0017
1.08 + 0.04 A BELLE
Cheng & Yang | e USRI 11540.0440.02
A/ T(DY) w5 Quark model |0.4894 0.008
matrix elem, updated
TESTVE(AL) ~ 1.3 “h 1.75% 0.36
UEYWUE " . ‘e 3.57+ 0.91
=)€L ) ~ & ‘e 3.9%1.7
2},___ test bed for -12<2y=<0.6%
<0 (1%) duality

AT/T|p0




> observed pattern reproduced/predict. semiquantitatively!

y PI main effect for mesons
2 “old” data on t(D,)/t(D")
= WA not leading, possibly irrelevant

2 “new” data
= WA -- while not leading --

still significant in D decays!

> description for baryonic widths helped by generous errors
OT(EINT(A)~10-15%

highly informative!
> semileptonic BR's for baryons do not reflect lifetime
ratios!
['g; (D) # T (A,) # Tgr(Ep) # g ()
constructive PI in SL E_and Q. decays—>
BRy (EY ~BRg(A) vs. TUES) ~0.57(A)
BRg (B ) ~2.5:BRg (A) vs. =)~ L.3TA) 37
BRg, () < 15 %



beauty

1/m,, comment data
predict.
WBYABY |, oosayzeomevy | PT i B |1.070 0020
factorization updated
at low scale ICHEP
(1 GeV)
BBy |1+ O(0.01) 0.945+0.039
S ooloshin et al UPdHIEd
AT(BY/T(By) | 0.18(6/200MeVy* | ICHEP
Phyvs, 46 <031
19873112 (25 %C.L,)
(B.) ~ 0.5 psec largest 0.46% 0.17 psec
lifetime diff, !
WA/ By | 0.9-1.0 |auarkmodel 1079 4+ 0.05

matrix elem.

s Predictions for mc<on life times on the mark!

y recent lattice study (Di Piero & Sachrajda):

(B’
(B,

=1.03+£0.02 £0.03




O need more precise data on t(B,) (see later)

® (B,
(B,

e

|
3

—

O largest lifetime difference by far!
o absence of 1/m, contribution crucial!

> serious challenge from “short” baryvon lifetime
T(As)

T(B,) FEC

A, =003 -0.12 quark model Uralisey

A, =013 0.21 QCD SR Huang et al.
Dop = 0.21 £0.05

O pilot lattice study
An=(0.07 = 0.09) £2
D T(E,") V8. T(Ay) V8. T(E) ?
o1(By) > (A, T(EY)
o [T(B,7) = T(AR) T(Ay) ~ 14 % voioh. Guvie sl

from observed T(E.*) - T(A) 29



> T'(Hg) o< M3(H,,) ratherthan m®; Alcial
= TUA)/T(By) ~0.75
> anathema to the OPE!
- represents large contribution of O(1/my,)
- sum rules in OPE enforce BiShUrVa
quark phase space + nonperturb. corrections
hadronic phase space + boundstate corrections
= would constitute rather massive violation of
duality
» other predictions
> ©(B)/t(By) ~0.94 !
> UB)

=) &)
M TWAE T




[1.3 Exclusive NL decays B - M, M, ‘_

, guidance by symmetry considerations
SU(2) [SU@B)]
» phenomenological models
central assumption --
concept of factorization
<M M, JJ’IB> ~ <M, JIB> <M,J"10>
» invoke 1/N. counting rules to justify
factorization;
however
5 no realistic hope to evaluate
nonleading terms (no FSI!)

.INC=3 -



» yet models still very useful if used with
awareness and common sense
host of well-measured BR’s: referee

for the games FI,Ho,HY C

y theoretical treatment -- new frontier!
puts the bar higher for models
2 conditio sine qua non
large energy release = hard process
2 “colour transparency’ ...
elements have been around -- but now are

combined into comprehensive and detailed
framework

32



2 groups
> Beneke Buchalla Neubert Sachrajda

"QCD factorization’
o Keum Li Sanda

"pQCD factorization’
ring of truth
factorization theorem:

2 non-universal

2 sometimes not the leading effect
apparent differences between 2 approaches

2 BBNS: FSI mostly small in B - Kz,

WA suppressed
2 KLS: WA important, FSI not small

33



lil.'.*n"._kﬂ.

QCD factorization formula
Hard gluon effects (k > my) can be calculated and
lead to the effective hamiltonian:

Hen = 75 £ Y ATKMC, (w)Qi(w)

Principal idea factorize systematically the remaining
hard effects (/ -~ 11,) from long-distance effects (4
Aoypen) = heavy quark expansion. Result is:

(wK|Qi|B) = ff‘”‘(ﬁ) Ix Tk * Ok

fﬂ

o short-distance: kernels 77/ = a0 4+ al 4 ..., contain
all “non-factorizable” corrections and strong phases.

S IR (15 S e AREAI s B I A T |t b e



'ﬂrhtkf

M s

Ill: CP averaged branching fraction ratios

Despite significant corrections to naive factorization,
the qualitative pattern that emerges for the set of nn
and 7 K decay modes is similar to that of naive factor-
ization:

the penguin—tree interference is constructive (destruc-
tive)in B = n*n (B — 7~ K") decays if v < 90°.
Taking the currently favoured range = (60 + 20)°,
we find [CLEO, hep-ex/0001010 in brackets]:

% = 05-19 [0.25+010] [EEEC tml

(¥ K
%W% = 09-14 (08094027 Swevmw

%"7"? = 0913 (1274047 AMrMW
(=
R~ Neubert-Rosner|

e '::"'* = 06-10 [100£030] A%:om®
IR - Fietscher-Mannel
a result of isospin symmetry.
We find (almost independently of 7):
BH(B —» 7OK®) = (45£2.5)x10-® (Vas/0.080)2(2"(0)/0.8)°

LR I T TP TR SRR Tt [ Lo RLETR A L BT R TR P T T I
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ALS, Mow ev ol (F9) Furovigation Gpprad

FIG. 1 (W) Salid, dash, dorduab and dots for B = K*e*, K%* N %= and K99 foc my =
105 (upgor awrven) and 200 MoV, (k) Sabil, dush and dors for B« #=e=, #*n" wel s%" oy
g w B, w4 and 6.4 MV whore the Towey () eurce aty w IBY foe =t (e0 i
vt gz i Al figren Brs wew in anits o 1070, and (Wos /Wil = 008

LEO dete  (centrnl yulues ) Pac (§~%")
Blgl-k""T) ~ 102 ﬂl“ ’”'-H“? Koo, L Saie
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3(-5'41‘“) ~ 1’.31!:‘ EM h.“t
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R* 2 =) e
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PaSo HY

The Al = 1/2 Saga vy

?
‘phrased as concise ?
rule -- :
compact a.fter lal'ge Valm f(}r
explanation? €’/e was established

(and for some

herestici even before):

face up to this

|
i
: challenge!
# n

lack of success

several dynamical

enhancements : |

found -- never of rationalized: in €’'/e

sufficient size, ignore origin Of‘

though Al=1/2 rule (wait
for lattice QCD)

\ o

-
el S ————



Pr.lPa Y C.rFa.Go.Va

exact value of €’'/e -- much harder
question (and history does not represent
one of the glory pages of theor. HEP)!

y L£L(AS=1) under good theoretical control

Bu et al.
Fabb: “educated guess’
€'le~ 103
» considerable uncertainties in the size of
hadronic matrix elements
, magnified by the presence of several

relevant operators.

3R



l Kt > natvy BNL E787, Komat.

BR(K* - 7t vv)=(1.5+3.4-12) x 10-1°

sensitivity will be 0.7x 10-10
E949 sensitivity expected (8-14)x 101
SM: (0.82 + 0.32)x 10-10

B-y X, I'I'X

the first ~ correctly predicted Penguin!
BR(Hb =y xnn charm) -
(3.15+0.35+0.32 +0.26) x 10-* CLEO
BR(Hb b Xnn charm) =
(3.34+0.5+0.35+0.28) x 104 BELLE



] = =107 Misiak
BP‘(B_"XX*")\SM - (3.29£0.33) s

L] een.‘-trn.l. vgl.ug, & L&hﬁi-ftiyh}t\’ k.a.fd.l.y Ghﬂhﬁﬂ.i

rnnhy hew C a-l. cul.n.ti.o ns

impressive theor, machiney
ne w gah{ﬂb_«- cancel E P Y

L Cnva{ul mhnlyslg uf x Sl:tc.{rum

* BR(B— £70°X,)

n -6
< gqtﬂ,OS,D.lﬁl - Q"LH} 2 0. w-)“ 10

.L““FG\C-JC of New 'PhySLr_s diffevent

foy B—-a’x and 'B-—-.‘Q"'ﬁ‘x



~ TV. CP Violation in AS#0 Decays

nN..=€ +E’, Moo= € — 2 ¢
( . i
i <(1m') ] = 2HylK L> .<_(mt) 1 = ol HylK S>

2 k<(T'f*'1"1)1 - HyK L>. <("-’m)1 = H K s>
J

—

» Al=1/2 rule
> single KM phase |, 0 # €/e <<1/20

> m, large
o
€ 6\ < log m,




Fabb.

THE ¢'/e PIE

Gluonic Penguins

Electroweak Penguins and Box

Vacuum Saturation Approximation to the hadronic ma-
trix elements of the effective four-quark operators.

In (Green) the (Megative) contributions.

13



Fabb,

Experiment vs. Theory

Munich 96 Du—Zeu 99

A Ceconoct

CERN 29 February 2000



New world average

T =
= SOF 1986
2 sE
o =
g 21 _
m .“ W : KTel
- - % T |
.Wmv E Wonds €)' F72 |
. =3 E |
§ . E |
m m E731g
New world M-.ﬂmwﬂm.mmn
Re(e'/e) = (19.3+24) x 10~
(x*/ndf = 11.1/5)

AL Ceocuech

CERN 29 Febhrpary 2000



associated production v/
A
¥ I'-‘;K?—-} IS_G) - F(_E—-} K0
rKk % KO + k- K0

—

semilept. K, = 1* v , CPT /

At




¢ =L (nian@)

n, = p(e*) x p(e’) /l p(e*) X p(e’) |
n, =p(r) X p( ) /I plxr*) X plr ) |
dI'/d¢ =T, cos?d + I'; sin’p + ['; cos¢p sing

l T.CP

- sin
it 08¢ sing

' (13.6 £2.5+1.2)%, KTeV
(r] +rﬂ) i (143 11.3)%, Se Wa

)

A =
T

- n.. effect!

can be made consistent with T v/ --
Bi Sa at the price of CRT ~ 103 in

K* < a*n? |



wide-spread attitude:
> observing a CP asymmetry in
By = ¥ K
no big deal since expected -- unless its
value falls clearly outside predicted
range;
, observing a CP asymmetry in
By = XX
no big deal either, since it cannot be
interpreted cleanly in terms of CKM
parameters and its value is hardly

constrained. 4



such sentiments miss the paradigmatic
character of such observations:

» an asymmetry in B; - ¢ Kq

> would be the first CP violation
directly observed outside K, decays,

> would have to be big to be
established in the near future and

> would establish the KM ansatz as a
-- if not the -- major agent of CP
violation!

» likewise an asymmetry in B, = #* -
> again would have to be big to be
established in the near future and

> would probably reveal direct CP
violation to be huge in beauty decaysg



V.1 CKM Trigonometry, Part I

“the’ KM unitarity triangle

Vudvub* . / iz % thvtb*
vudvcb*

‘bi Opp()Site side with Vidvib*

I -

43



2 classes of observables:

» CP insensitive rates =
w b= lvu/b- lvec = [V, /Vyl
- Am(B,)/Am(B,) = IV /V,
- Kt natvy = IV /V
> CP asymmetries = angles
- €./Am(B,) = ~¢@,
- B -y K = ¢

plots






CKM-FITTER:

(CONSTRAINTS IN THE p — n PLANE |

SOSTOoOoOTO—
PO AR IO

-1 06 02 02 06 1-1 06 -02 02 06 |1

p-bar p-bar

Andreas Hocker, Heiko Lacker, Sandrine Laplace and Francois Le Diberder



CKM-FITTER:

Indirect Evidence for CP-violation:

e Constraints without ex and sin 23

.\ln_.,-\n.y,_ Am,

lvuhfvuhl

-1 -0.5 0 0.5

Andreas Hocker, Heiko Lacker, Sandrine Laplace and Fran cois Le Diberder

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1



CKM-FITTER:
CONSTRAINTS IN THE p — n PLANE

Andreas Hocker, Heiko Lacker, Sandrine Laplace and Fran cois Le Diberder



with caveats to be discussed below

present analyses (e.g. Stoc, DiLe) suggest: |
sin2¢, = 0.716 £ 0.070 & 0.7 £0.2
sin 2¢, = -0.26 +0.28 e -0.25+0.7
¢,= 59.3° £7.3°

B - ¢ K
> CDF: sin2¢,=0.79 + 0.44
+ 0.43 +0.07
> BELLE: sin2¢,=0.45
- 0.44 -0.09

,BaBar:  sin2¢, =0.12 £ 0.37 % 0.09

45



what if “Michelson-Morley outcome’

sin2¢, <0.1!?

w CKM ruled out as major player in
K -=nn
no plausible deniability!
w new puzzle: why 1s CKM phase so

small?



» historic precedent AS # 1,2
= instrumental for emergence of SM
through “qualitative” discrepencies
» can happen again
2AC # 0
2 EDM’s
oK .
, different situation in AB # 1,2

more complex

e - ", . Mml
more opportunities more challenges

quantitative discrepencies

control over uncertainties!



S

VI.1 KM Trigonometry, Part II

3x3 unitary matrix = 6 triangles with same area!

© /d triangle

V*ubvud"‘ V*cbvcd"' V*wvtd - 5|_m =0
@ u triangle

| I

V* Vit V¥ Vit V¥ Vp=0,=0
® bs triangle S~

V* Vit V¥ Vit V¥ Vy=0,=0
@ ¢ triangle Y e

V*tdvcd'l' V*tsvcs+ V*tbvcb - 6[:: =0
@ sd triangle .

ol e

V*udvus+ V*cdvcs+ V*tdvts - 5.\:1 =0

® cu triangle BN

-

V*udvcd+ Vﬂ‘us\’rr:'s;"' V*ubvcb- 0.,=0 v




there are three classes of angles:

© angles of order unity like ¢,, ¢, and ¢,
they differ from each other in O( A?).

@ angles that are themselves ~ O( 1%);
the most accessible representative is an angle
in the bs triangle, often referred to as y:

E_YJJ) ~ A2

iam h“=}'{+al‘ ]
X =9, g V'V

s ih

it controls the CP asymmetry in

B, =y n, U =

® angles that are themselves ~ O( 1%);

I

30

the least un accessible representative is an

angle in the cu triangle, often referred to as y '

\

'Y! — d)xuli - arg (— V”d_‘-'-!
’ - \ Vuhvt'n J

~— A4 A‘TF]
B '8

50
it controls CP asymmetries in D decays



= 3 step strategy:
= measure the large angles ¢, ¢,, @,
and their “cousins’ and check their
correlations with the sides

= check whether the small [tiny]

angle y [x’] are indeed small

= measure as many of the angles as
possible and analyze their

correlations.

seargh for New \
Physics |

of New Physics

{probe of features

51



’?t.'.k'm' LP "9y

1 I :
0 025 050 076 1.00 0 025 050 075 1.00

aeh

Figure 8: Hlustration of four determinations of the unitarity triangle, by (a) non-CP obsery-
ables, (b) B asymmetries, (¢) B, asymmetries, (d) K rare decays. See the text for more
details.
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easier said than done

)y systematic experimental uncertainties!
> experiments could be wrong!
"Combiner’ Hoecker,Laplace,Le Diberder

y theoretical uncertainties!

meaning of theoretical uncertainties?

my "definition’ for stating theor.
uncertainties:

“I would be very surprised if the true value
would fall outside the stated range.”

obviously hard to quantitfy

remember €’/e! Be Fa plot

33



> theoret. uncertainties mostly like
systematic uncertainties with hidden
correlations

» they can be evaluated only through
overconstraints or redundant’extractions

» prior to that predictions should be
considered preliminary’

a triangle analysis better be much more
sturdy than a bunraku stage!

“good decisions derive from experience that
often is based on bad decisions’

34



VL2 DO-D° Oscillations and CP Violation

charm usually seen as the dull cousin of
beauty

» CKM parameters V_ & V 4 known’
due to unitarity

, slow DY - DU oscillations

, tiny CP asymmetries

w ~ zero background search for New
Physics

however ...
7 how slow is slow’

7 how tiny is tiny”’

54



VI2.a DO-D° Oscillations

2 quantities control D°-DV oscillations:

_ Am,, _ Al
Xp = _I"‘” yo - zrn
D 1 %) gy

Ip = I“(D“ . r_,_X) 7 for xp, y, <<1

) Xp and yp Cabibbo suppressed
) Xp = 0 = ypin the SU(3)g, limit
- X5, ¥p < 0.05

a conservative estimate

Xp» ¥p ~ O (0.01)

35



popular claims
> Xp(SM)lgpg << Xp (SM)I |
Yp (SM)l gpg << ¥p (SM)l |
y Xp (SM)l s ¥p (SM)I  ~ 104 - 1073
general expectations
» Al': on-shell contributions
w ~ insensitive to New Physics
> Am: virtual intermediate states
= sensitive to New Physics
Xp ~ O (few %) conceivable
more careful analysis
y Xp (SM)I gpgs Yp (SM)I gpg ~ O (103)
> central theoretical issue: does quark-hadron
duality hold at the charm scale already?
) more averaging in Xy than in y,

w duality better in X, than in y 56



E791

CLEO

58%<yp<1% (95%C.L.)

9+1.0%

FOCUS
Yep=3.42+£1.39+0.74 %
for xp, < few x 103: 1/m, expa;.
B s okay!

| for Xp ~ 0.01: theor. conundrum

sobering lesson:

case for New Physics based on xp uncertain!
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VI1.2.b CP Violation in Charm Decays

, 8P involving D° - D oscillations
- D% K*K-vs. D?> K*K:
w DO— K*r vs. DO Kt
CP asymmetry given by

sinAmpt Im p(D - f)

small
in
SM KM

= strong case
for New Physics!

o

divect BP n Cabibbe siapp. modes

KM —s Q(107%) effects S8

unclesr cosk 2



V1.3 Probe for New Physics in AS =1

T odd correlation
P =<s, (p,Xp,)| p,XP,>
can be “faked’ by final state interactions
Polmé, é=1/f,

‘
New Physics ~ Higgs-X!
» “ancient’ result:
Imé=-0.01£0.019 & P, =(-1.85+3.6) -10-°
> P, ~ 1079 from final state interactions
> new result: Aoki

Im £ =-0.013 + 0.016 + 0.003
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V1.4 Electric Dipole Moments

energy shift AE of system inside electric field £ :
AE=dE +dyEE + ...

4
linear in £
dxs » d#0< Tviolation !
> experim. bounds

< dewns 9.7-10°% scm —
" dejeriron= (—=0.3£0.8) - 10~ e cm  «—

» theoret. expectations
2 CKM: d, < 107 ecm -
2 SM: Areutron ~ 1077 -Ogep €CM +—

2 many New Physics scenarios:

d d

clcktrnn > 10_ clin « : /

HEI.I[I'UI'I ’

T adeﬂmte must for expcrlmental qtudy’ |
60



VI.5 Glazing into the Crystal Ball

, My own expectation on beauty physics:

w various large (> 10 %) CP
asymmetries will be found in B decays

w including direct CP violation

w that agree with the CKM
expectation to first order

w yet exhibit some smallish, though

definite deviations = New
Physics!

y however it i1s conceivable that the
whole future beauty phenomenology can
be accommodated in the CKM ansatz --

were our efforts for naught then?

6)



I[-“*texture’ very high scale
[pattern in Yukawa | & | dynamics

couplings 3
s
umdsn :
¢
-
l VEV’s é
e electroweak E
quark mass matrix ~ scales £
-
quark masses CKM angles + phases
personal conjecture/bias:
simple pattern = special CKM parameters!
yet I !
high scale === |ow scale -

washes out



I1. Conclusions & Outloo

exciting & even decisive phase in flavour
dynamics

» phenom. success of CKM description
quite unreasonable = hidden message!

» new (sub-)paradigms established or about
to be established:

_ © direct8Pin AS=1:€’/e =0

® first evidence for €P outside K,
decays

® CKM predictions for CPinB decays
about to be tested

high sensitivity probes of dynamics

~» many possible portals for New Physigs!



> basic quantities known with good accuracy --
and the promise for even better:
< o0my,~1.5%  most precise quark mass
< om, ~3%[10 %] direct [rad.corr.]
@ 6V(cb)~ 5+% =9 2%  feasible
@ 6V@ub)~ 40% =¥ 10% feasible
= 5% not impossible
@ 6Vid)~ 60% —p 10% not impossible
high precision probes of dynamics!
» greatly improved practical theoret. technologies
< increasing sophistication in treating SL &

radiat. decays

2 new frontier: exclusive NLB - MM,
2 compreh. classif. scheme based on QCD
2 promise to evaluate even non-leading

64
effects in the real world



» need experimental program that
allows precise measurements in a
comprehensive way

» other portals for New Physics:

w ., d.: any improvement in
experim.

sensityity could reveal effect!
w P mK-ouvnm
w charm decays:

CP & D"-DY oscillations

67



. and: evidence for neutrino oscillations
= neutrino masses non-degenerate
= ]epton flavour ES # lepton mass ES
= as analogue of CKM matrix
the M(aki-)N(akagawa-)S(akata) matrix

“leptons exactly like quarks -- only different”

*a
P |

“colour singlets ‘

i v masses extremely tiny
|

N see-saw mechanism

w atm. v's & T-oUy

solar v's & u-ey Okada



‘mOPE: the Effective Lagrangian

Las=1= _%m Vi S )+ 7 0 )0 )

=WV flmid"::a

For pu € me (¢ = u,d,s):

<
|

Current-Current

(‘_’ﬂ"‘ﬂ)v-ﬁ. (ﬁ:ﬂd@)v—a }
(Eﬂ) VA (Ed) VA

Qas = (Fd)y_a Eq (?‘]’)v%ﬁ.
Jaeg = (Endﬂ) VA Zg (ffﬂﬂ_i‘a)v:;ﬂ

Wro = 3@Ed)y_a 2,8 (@D)via
Qain = % (E-ad',g) VA Eq Eq(Tpda) VLA

<
S |
|

} Gluon "penguins”

“Penguins” feel all three quark families in the loop:
they are sensitive to the CP phase.

} Electroweak “penguins’

)



Standard model contributions to the matching of the
quark operators in the effective flavor-changing Lagrangian

W
() (b ()
w w
B
Ry
i (e)
. . Ge € Ca O ( { g ('
. 4o oo
Tree+g9 v
T A SRR
< ’ . Y
Z
B v v



The ideal approach

A: Consistent definition of renormalized operators: cor-
rect scheme and scale matching with short-distance.

B: Self-contained calculation of all hadronic matrix el-
ements (including By).

C: It reproduces simultaneously the Al = 1/2 selec-
tion rule and £'/e .

11



VSA:
(nt7-|QelK®) = 2(n~[iiysd|O){m*[Fu|K°)
= 2(wtx [dd|0)(0|Fysd| KO)
+ 2 [(0f5s]0) — (O[dd|0)] (n* " [Bysd| K°)
Gonaralized Factorization: Scale and scheme Independent Wil-

son coefficients, matched with factorized matrix elements at
the scale ., (H-Y Cheng, 1999).

Prhenomenolomqical 1,7 Fix some of the matrix elements by
fitting the AJ = 1/2 rule and vary others around the 1/N
values (Milinchen).

Chiral Quark Model: Al matrix elements at O(p*) in terms of
(Gq), (2GG), M, phenomenologically fixed via the Al = 1/2
rule ('Irri'mte).

Phenomenological NJL: Chiral loops up to O(p®) and fit to
the Al = 1/2 rule. It includes scalar, vector and axial-vector
resonances (Dubna).

| /: Chiral loops regularized via cutoff, partial O(p*) (Dort-
mund).

/N and NUL: It Includes scalar, vector and axial-vector reso-
nances, good scale stability (Bijnens and Prades, 1999),

Lathice: K =« matrix elements of four-quark operators, Use
chiral symmetry to obtain K = == (Roma, RBC).

12



Vb Exclusive

Vb Inclusive

LEP average

V., Working Group
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32 34 36 38 40 42 44 46 48
V,, 107

39.7£1.9+2.2

40.840.4+2.0

40.5+1.8



