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Matter comes in 3 generations

SM=5U(3)xSU(2) xU(1) gauge
theory describes electroweak and
strong interactions

FERMIONS

3 generations of matter spin 3 R
fields (quarks and leptons) e

247 Famille

mechanism of mass generation is
still unknown (Higgs?)

Jéve famille

8O5S0NS

Variety of masses and mixing
(Yukawa sector) is a mystery

Quark flavor mixing and CP violation are described
in the SM by the CKM mechanism
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The CKM paradigm

Cabibbo 1963 Kobayashi & Maskawa 1973
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of quarks) in the SM

Vexm =

(Vud
Vcd

\th

The CKM matrix

describes Flavor Violation (mixing between generations

V.. V
Vcs Vcb
V. V

YW (1-y%)d, + h.c.

Wolfenstein parame’remza’non

[ 09740£0.0010 0219600023  0.004070.008
=| 022440016 0914016 0.0402£0.0019
<0010 ~ (0,040 0.99 £0.29

3 angles and 1 phase with strong hierarchy:
A[D.22 sine of Cabibbo angle, A,p,n=0(1)

The CKM phase is the only source of CP violation in the SM
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The CKM matrix

describes Flavor Violation in the SM

L, =———7—V. 'y”Wu+(1—'y5)dj+ h.c.

W

242

Wolfenstein parameterizatie

(Vud Vus Vub\ ( l_lAz

VCKM = Vcd Vcs Vcb
Mu Vs Vi \M3(1_p_i,7) —AX

I
I
A
ek
I
[u—
[\
JoR
~
N—

3 angles and 1 phase with strong hierarchy:

A[D.22 sine of Cabibbo angle, A,p,n=0(1)
At present accuracy,Wolfenstein par must be improved p.O

2 approaches: measure individual elements and test unitarity (PDG)
OR use unitarity and test as many observables as possible
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On the way to precision physics
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Why precision CKM studies?

We are able to describe the observed flavor violation very well

But we have no theory of flavor.
The SM does not address flavor, but rather accomodates it
Similarly, CP violation is (accidentally) accounted for in the CKM

Most models of new physics include new CP and Flavor violation
but measurements are surprisingly close to SM prediction
scale Ayp >> TeV = = the flavor & CP problems

Need precision studies to uncover new dynamics
and/or degrees of freedom, testing the CKM paradigm.

Strong interactions make CKM studies hard. Learning slowly
but steadily at crossroad of many different fields.
Theory errors dominate almost everywhere.
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\Y CKM

Comparison between V4,V  determinations of

(1-1x
-
\th

/ Vub \
1_%/\2 Vcb

V Vi

ts

tests unitarity of the first line of V

|Vud |2 +|Vus |2 +|Vub |2:1

A could also be measured from 2nd line, V 4 (DIS) at 10%,

Historically,

universality of
charged currents
&> CKM unitarity

0(10-5)

W decays at LEP constrains Z,-JIVUI2 at 1.3% < V_at 1.3%
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A fr'om Vud

Superallowed Fermi transitions o-op decay
extremely precise, 9 expts, 8V ~0.0005 dominated by RC and

nuclear structure
(pp: 07| ary,d|p;; 07F) = V2(pi +pr)u +isospin violation

Paolo Gambino Napoli 10/6/2005



Superallowed magic

00" Nuclear Lecays

Leotor Churremt

- : o 0" P’y coe » No Aacdborie dhc.,
Nueleus | Vid |
10 — AR TR
{ A5 LR D, But Aal Larrorit Lrtors A Legn Leve/
10 0.97445(41) -
26 - e
“TAl 0.97416(35) v f P .y
. Y ~ % 4,
e 0.97431(40) A @z jdxe pl7lg ""‘iﬁ")’”>
F:.H] 0~ A PR 7
\ (0.97424(43) -
e FReat) Gperattr rod Eip = | T
Se 0.9735113%) _ Ca
467 0.07372(43" Secenthy we fresd 2o cmpraoe mﬁ%&g
' ATAT2(43) -
- 2 z -
50N 0.97396(44) 1) 5.0 Gpanscer * Gp < Q' T2 GV
5 = AV £ A z 2 Same QCD corr. as in
Lo 0.97409{43) 2) Jﬂfefﬁﬂféfaf QM g f'?“‘d)sa Bjorken sum rule T[VV]

Towner & Hardy

|Via| = 0.9740(1)(3)(4)

largest uncertainty
due to e.m. rad.

corrections
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perturbative behaviour
down to ~1 GeV (exp.)

l_ \{Id' = 09739 (z)(:z)*he

o

(3)

M"}f’

Marciano Sirlin 2005
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Superallowed Fermi transitions o-op decay
extremely precise, 9 expts, 8V 4~0.0005 dominated by RC and

nuclear structure L N
;07 |ayud|ps; 07) = '\/5(}){_ +pr)u +isospin violation

neutron b decay not pure vector, needs g,/g, but no nuclear

structure. 8V 4~0.0015, will be improved at PERKEO, Heidelberg
New measurement of 7 lifetime (many o away) serious problem!

n* decay to 1%V th cleanest, promising in long term but
BR~10-8 PIBETA at PSI already at 8V ,~0.003

PDG : V,,=0.9738+0.0005

Marciano-Sirlin: 0.9739+0.0003 A
A = 0.2274:0.0021 > 0.2269
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0.225 V.- /, (0) -Summer 2004 I—

VEZ " WL g KTeV, K, both ey ]
- THEORY itari
0219 @ KLOE™.K, o U“'*?"'*Y .
_ _KLOE K, xor” f(O) estimates
0.216 -
i i KT v" 3 v 4 _
L . g ALk ti KTtv |
0213 — & | N
i KLOE™ ]

— i , —
0.210 — % : |

0.207 = T
K ed Kﬂ K 3 Kﬂ

el

L3

Discarding old results and using Leutwyler & Roos: |V |;= 0.2262 +0.0023
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@ CKM WS (march 2005)

BNL-K'
KTeV-K_

; 1 m KLOE-K_
NA4S-(K'-K, )

0.220 _—T i T e KLOE.K*
| {}{L H | i{{ i

0.212 — e =

0.224 — B

0.208 o o ]

T KELOE
B (K, )=50.81(23) ns i

Ky i kK, K, K

pu3 3

PDG
L T (K, )=51.50(40) ns

KﬁKGﬁK

0

Exp error below 0.5%
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:2 . \
[(Kes) = = Mg Vs PCRAf(0)PT(fo. f-) RCo..

19273
AG theorem:
easily calculable

4
fi(0)=1+4 fo+ fs+ ... inthechira expansion

- L Tl
New lattice result: Becirevic et fﬂ T O[ME',w/(4ﬂfﬁ) ]
at 1% irmed by MILC & JLQCD enched)

Ki‘

FDG 00—

E865 [10] 0
K

PDG HC

KTEV

FLO)([1-V o IV [

Leutwyler and Roos |9]
Bijnens and Talavera [11]
Becirevic et al. [12]
Jalrnirj et al. |13|. I {1

021 0215 0.22 0.225
IVys! £,(0)

C

(W]

(]

Next frontier: LQCD & measure slopes for K 3(Dalitz plot) to constrain XPT
Space for theory improvement = 0.5%?
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New ideas

T decay (V,.) Jaminera Hyperon decays (v,.)

m from sum rules or LQCD Cabibbo et al. have revisited the subject
as input, may become focussing on vector form fact.
competitive with B-factory 0V s~0.0027 (exp) but O(1%) or more
results. At present SU(3) breaking effects NOT included,
6Vs~0.0034, low values lattice calculations under way

A using f /f, from lattice Marciano (2004):

2\ 2

m:, )
2

mi.

2\ 2
m L)

—
mx

DK — puv, (7))
D — p(y))

0.9930(35
R.C.( ))

Use LQCD for 7,/ . Present MILC result 1.204(4)(14)
Staggered fermions, partially unquenched. From there we get

A= 0.2234 + 0.0003(exp) + 0.0004(rc) + 0.0021(lattice)
Compatible with other determinations. MILC error debated.
Good potential for improvement

Paolo Gambino Napoli 10/6/2005
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Gino’

s conclusions at CKM WS

Summary of V  from from K decays :

0.235 ¢ —
- K e3
0.2325 [ -
- Ki)n 1
0.23 [ SR
S T —n
e
0.225 (0 | . = .
E L 1 i
0.2225 |
0.22 - mKLOE & KTeV K+
C 2
00175 [ ®NA4S ¥ E865 =

e

Preliminary numbers [not to be used yet]:

V.. = 0.2262(12)- [0961/7(0)] = 0.2262 (23)

s

V. = 02234 (05)- [1204/.//k] = 0.2234(23)

s

vV, mit = (0.2269 (13)

us
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Summary Cabibbo angle

- Lots going on in theory and exp
» First row unitarity problem resolved
* many competing methods

- good prospect of improvement

Paolo Gambino Napoli 10/6/2005
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Vem=

Determination of A

(R 2 @)
2R A

3 - 2
(A (1-p-in) €M 1
J
A can be determined using |V, | or |V,

Two roads to [V |

>~

EXCLUSIVE INCLUSIVE

Paolo Gambino Napoli 10/6/2005
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|vcb| from B_Dlv

ALEPH :
At zero recoil, where rate vanishes. g;;;(—;;i;fm)b »
Despite extrapolation, exp error ~ 2%  fsss 12224
Main problem is form factor F(1) oeB, ,
DELPHI ( partial reco) ;
The non-pert quantities relevant for excl ;ﬁg-“f s d 7
decays cannot be experimentally determined  |scs. 9. 19 i
Must be calculated but HQET helps. THE NON-PERT UNKNOWNS
MUST BE CALCULATED,
Fo (1) = n,[1 - O(t/m, 1/m)] CANNOT BE MEASURED
verage :

Lattice QCD: F(1) = 0.91:003 ., HFAG
Sum rules give consistent results B

Needs unquenching (under way) 25 30 35 40 45,
F(1) x [V [107]

OV /V ~ 5% and agrees with inclusive det, despite contradictory exps
B DIv gives consistent but less precise results

Paolo Gambino Napoli 10/6/2005 19



The advantage of being inclusive

Aqeo€my, © inclusive decays admit systematic expansion in Agcp/m,
Non-pert corrections are generally small and can be controlled

Hadronization probability =1 because we sum over all states

Approximately insensitive to details of meson structure as Agqy«m,
(as long as one is far from perturbative singularities)

B —-— H

i, &

QUARKS ARE CONFINED!
Py

d’r can be expressed as double series in a,and Agep/m,, (OPE)
dE ,dq*dg, with parton model as leading term No 1/m, correctionl

Paolo Gambino Napoli 10/6/2005 20
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A double expansion

d-r can be expressed in ferms of structure functions
dE,dg’dq,  related to Im of

1 , . .
ar (Bl / d'z o= T {1, (), J}(0)} | B)

h—-,uu ((]23 QO) —

OPE (HQE):T J(x)J(0)=c,bb+c,b D b+c,bo [Gb +...

» The leading term is parton model, c,are series in a,

»>New operators have non-vanishing expection values in B and are
suppressed by powers of the energy released, E.~ m,-m_

»No 1/m, correction!

OPE predictions can be compared to exp only after SMEARING
and away from endpoints: they have no LOCAL meaning

Paolo Gambino Napoli 10/6/2005 21



Leptonic and hadronic spectra

0D 05 1 15 2 I g 05 1 1 2 25 3
E)|GeV] M, [GeV/c ],

Total rate gives CKM elmnts; global shape parameters
tells us about B structure

Paolo Gambino Napoli 10/6/2005
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State of the art

e,
m,,m. u“,u AL,

\ O(l/mbz) mean

he. | binB
S elrl .energy of b in

11(1) = <B|b(|D) b|B),

2Mg

Paolo Gambino Napoli 10/6/2005
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My, M,

State of the

2 2
Hq nu;fr A1.A

\

O(1/m,?): mean
kin.energy of b in B

2 — 1 kil 2
un(u)—mB (B|b(iD)’b

Paolo Gambino Napoli 10/6/2005

art

,UE),,UES P1.P2

Gremm,Kapustin...

B),
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State of the art

2 2
My, Hoote e (BB P1.P2

Gremm Kapustin...

G m? #2 /,12 ,03 ,03
r —F b l+a, (N +a, (NS +a. (N2 +a, ()£
cly 1927_[3 ’Vcb‘ Aew ( )( 1( )m§ 2( )m§ 3( )ms 4( ) ms

Recent implementation for moments of lept and hadronic spectra
including a cut on the lepton energy Bauer et al.,Uraltsev & PG

Perturbative Corrections: full O(a,) and O(p, 0.2) available

For hadronic moments thanks to NEW calculations Trott
Aquila,PG Ridolfi,Uraltsev
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Implementing the OPE: masses & schemes

my(pole) is ill-defined, cannot be determined better than ~100MeV,
and induces large uncontrolled higher orders

V| ~ ko, [1-0.66 (m,-4.6) +0.39 (m_-1.15)+
+0.01 (1,2 -0.4) +0.05 (u42-0.35)+0.09 (pp,3-0.2)...]
Need short distance masses: e.g. m x"(u) and m,'> and HQ parmts
Exploit correlations (most moments depend on ~ m,-0.7 m_ like width)
Avoid unnecessary parameters, avoid 1/m_expansion
Define carefully W 2=-A+... Hg2= 3A,+...
Traditionally mg reexpressed using

~ 2 — 2 34 3
MBD _ _mQJrAJF Hr — M 4 Pp T PLs

/ 2mg 4-;*73_.29
1/m, expansion

Non linear ops: T, ,

Paolo Gambino Napoli 10/6/2005 26



Using moments to extract HQE parameters

We do know some‘rhing on HQE par. *Mg.-M; fix pz2= 0.35:0.03
heed to check consistency. -Sum rules: p2< 2, pg3 > -p3...

Central moments can be VERY sensitive to HQE parameters

<(|v|§ —<|v|§>)2> =[1.3+0.4(mb ~4.6)-(m, -1.2)+5(2 -0.4)- 60} —0.1)+...]GeV4
Variance of mass distribution I

BUT: OPE accuracy deteriorates for higher
moments (getting sensitive to local effects)
Provided cut is not too severe (~1.3GeV)

the cut moments give additional info
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Global fit to \Vcbl , BRSlI HQE par'mTS

v = 71 A
m 01Ff 4 o qef i
L - V" |
0.08 | = [ i LEPTONIC
- . 1.6 ~
o.06f : - 1 MOMENTS
0.04 __I 1 1 1 | 1 1 1 1 | 1 1 1 1 |__ 1.4 1 1 1 1 | 1 1 1 1 | L 1 1 1 |_
0 0.5 1 15 0 0.5 1 1.5
P* GeV L. P* GeV
Preliminary, O.Buchmuller
I_-'\ 0.2 | L 1T 11 | L |_ I_-'\ 0.01 L | LI | L _
UJT_I 0.153 —f UJT_I 0 ; = BABAR o (NOT FIT)
v - : I : E m BELLE 0O (NOT FIT)
g : ERr R =
Y o0sk 4 Vv -0.03 =
SRS S, -0.04 B s CLEO 4 (NOTFIT)
0 0.5 1 15 0
P* GeV » DELPHI # (NOT FIT)
Not all points included *x HFAG

No external constraint

Pioneer work by CLEO & Delphi employed less precise/complete
data, some external constraints, and CLEO a different scheme
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Global fit to ‘vcbl , BRS|, HQE par'm'l's

<G>

Very similar results in a different

9.5

8.5

|IIII L IIIIL

| 1 L1 1 | 1 | L1 | L1 LI l—
0 0.5 1 1.5

P* GeV

H

0.5 1 1.5
P* GeV

|IIII|IIII|IIII|—

=]

4.6

Ni : | I*I 1 1 1 1 1 1 LI :
% i i
441~ § HADRONIC
: 1 MOMENTS
4.2 -
i | 1 | 1 1 | 1 1 1 1 | 1 | 1 1 |
0 0.5 1 1.5
Preliminary, O.Buchmuller ~ P*GeV < BaBAR o NOTFIT)
)5 = BELLE O (NOTFIT)
cﬁ s E | 1 1 1 1 1 1 1 LI IE . CDF
A 2 —
e - = 4 CLEO A (NOTFIT)
% 1.5 3 E « DELPHI # (NOT FIT)
1 1 :—
™~ —
S o0sf
“'\T u - | I I | | | I | | I | F
0 0.5 1 1.5
My ™A\

approach/scheme, Bauer et al

Paolo Gambino

Excellent agreement within

exp and TH errors
Napoli 10/6/2005 29



H.Flaecher, CKM 2005
Combined fit in kinetic scheme

Benson, Bigi, Gambino, Mannel, Uraltsev
V| = 41.38 +/- 0.45 103 : _ BELLE(b—sy)
461 +/- 0.06 GeV -Combined CLEO(M,) 29
1.17 +/- 0.08 GeV DELPHl{Mx,El) HU:‘.I
= 040 +/- 0.04 GeV? CDF(M,) EE
= 0.29 +/- 0.05 GeV? o 0
= 016 +/- 0.06 GeV3 S 2
ps = -0.18 +/- 0.09 GeV3 29
BR(B>XIV) = 10.64 +/- 0.14 % B
c8
+ Stat., syst. and theo. (HQE ,a. S
errors iﬁcluded, S 4.5 BABAR(E,M,) g
* Error from uncertainty in I, 465' ETEseETaeE ey m 3
(intrinsic charm) not included! : : T, : '
ch
+ |V,,| error of & 1%
- Substantial improvement Could also be done in
\ from combination! alternative schemes J
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Comparison with other Determinations

Measurements and Predictions of the b-Quark Mass (MS scheme)

FPDG2003 __
) Measurements and Predictions of the c-Quark Mass (M3 scheme
OPL:B—Xlr BABAR" y[m,)=4.22 * 0.06 GeV 4 PDG2003
EventShage  ALEPH 00 | - OPE Bxlv BABAR™ m,(m,)=1.3320.10GeV
ZobbDecavs ~par i i
e UL ' » ' wdimuons  NOMAD Collab. 00 »—.T—<
0 B = {
-1 i v ) -
;ji _1.El"3 Brﬂnder"'.]urg et.al. 99 - i SCJ]HEFIHQ C-HAHM 1 EG”GI’Q‘ 99
ol e;i:grr' ?cd_ngn S_ﬂntc"i'ﬂaﬂ'ﬂ Bilenky 97 u 1 Laties: O, mass  Beciveric, Lubicz, Martinelli 02 bl
s b Eﬁgmlséfgmf;fgrﬂé I Latties O, mass  Relf, Sint 02 r } +unquenchin
5 R\ch.rEE., D' Marison 01 fmiond 5.R. for Charmonium Eidemueller, Jamin 01 F
|1 L]l ]
v van:{ nnf - Tanaer?S E?Jl —— e"e a0 Kuhn,Steinhauser 01 p
Sl lgULE L |l e
Y spectrum | ycha,Schoeberl 00 et ge a0 Martin,Cuthwaite, Ryskin 01wy
bb xsec..Y mass Baneke Signer 99 Ha SR forB.D  Marison 01 &
Surm Rules for Y Melnikov, Yelkhovsky 99 P - ,
Sum Rules forY  Penin. Pivovarov 99 a P g'erag Penarocha,Schilcher 01 Ha
Y:vac. pol. fet. - Kuehn,Penin,Pivovarov 08 ral Y1S) mg-m,  Pineda 01 it
Y spectrum  Jamin,Pich 97 - , ) '
Lattice Giminaz Martinelli Sachrajda 97 — — 1 1.5 2
N TR NN N Y T T (S TN TN NN Y MY WO W | e Etl:_{] [GE"'."]
_ J.0 4 4.2 D
L] S S =—
convertad to MS by M. Uraltsewv m|}{muj [GEV]

my(m,) = 4.22 = 0.06 GeV m(m,) =1.33+0.10 GeV

____ Conversion from Kinetic mass scheme
to MS scheme with hep-ph/9708372, hep-ph/0302262
See also report from CKM WS hep-ph/0304132

Moriond QCD 30. March 04 Henning Flicher (RHUL) 17



Theoretical uncertainties are
crucial for the fits

v" Missing higher power corrections
v' Intrinsic charm

v" Missing perturbative effects in the Wilson
coefficients: O(a.?), O(u0/m,2) etc

v Duality violations

How can we estimate all this?
Different recipes, results for |V, | unchanged
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JiEsiine parien-raacron aualiiy

—pInclusive M, spectrum:

T T T T FEE T E T T T T FEEEE AT R T EEEE T T ETEEEE T T R TR EES

v What is it? Foral practical purposes:

F (log-scale
No OPE, no duality : (fog-scale)

= |

v Do we expect violations? v.: |
because OPE must be continued analytically. th® ¢
described by the OPE, like hadronic threshold:

decays

o

, 0 05 1 1
v Can we constrain them eff....._.,.

in a self-consistent way: just check the OPE predictions.
E.g. leptonic vs hadronic moments. Models may also give hints of how it works

2 28 3
M, [GeV/c’]

v Caveats? HQE depends on many parameters and we know only a few
terms of the double expansion in a,and A/my,.
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It 1s not jUST Vcb

HQE parameters describe universal properties of
the B meson and of the quarks
¢ and b masses can be determined with competitive accuracy (likely

better than 70 and 50 MeV)

m,-m_ is already measured to better than 30 MeV: a benchmark for
lattice QCD etc?

most V, incl. determinations are sensitive to a shape function, whose
moments are related to p 2 etc, moments in B-X v to constrain WA and
to validate MC (Ossola, Uraltsev,PG)

Bounds on p, the slope of IW function (B D" form factor)

Need precision measurements to probe limits of HQE & test
our th. framework
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Universality: spectrum of B>X,y

Motion of b quark inside B and gluon radiation smear the spike at m,/2

T ‘|  The pho a&flim is very insen-
20000 | }¥£ . sifslv%iéééﬂ;WSed

to s he B meson structure

Events/100 MeV
I

<Ep» =my/2+ ... var<Ep =y 2/12+...

Importance of extending to E mn ~1.8 GeV or
less for the determination of both the BR AND

Faglps E E ] the HQE parameters Bigi Uraltsev

.'I III I
| 1 |
—a—
—a—

15 2 2.5 3 3.5 4 Info from radiative Sp@CTI"UI’T\
T compatible with semileptonic

Belle NEW: lower cut at 1.8GeV G0 =2 o
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BaBar: Fit to new b — s gamma spectrum Erkcan Ozcan

U L L L :

BABAR -
B preliminary -
A, =0.63°%GeV

—0.04
2 =0.197%GeV"

au,-‘r SF

(> =030"0"GeV?

MK —0.05

Shape Function Scheme _
Ol= 1 v v b b by o

0.65 ! 0.55 0.6 0.65 0.7
BF,_=334+0.18 198 L A BF,.. =3.42+0(.19 105 00 A (GeY)

—040 -01Z —-041 —003

Kinetic Scheme

=

0.1

|

Benson-Bigi-Uraltsev Neubert

CKM 2005, Mar. 15-18, 2005 12
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The unitarity triangle

/Vud Vus Vub\
VCKM = Vcd Vcs Vcb
\Y% Vts th )

area= measure
of CPV

C=(0.0) B=(1.0)

V,4 cannot be accessed directly: &j
we resort to loop transitions

FCNC sensitive to new physics us

Paolo Gambino Napoli 10/6/2005

* Unitarity determines
V.V, = Jik several triangles
in complex plane

Vuqu*b +Vcdvc>ll; +thVt; — O o)

i/

37



|Vub| (not so much) inclusive

|V, | from total BR(b - ulv) almost exactly like incl |V,
tf(inema‘ric cuts to avoid the ~100x larger b - clv background:

My < My E)> (Mg>-Mp?)/2My

or combined (my,q?) cuts

The cuts destroy convergence

of the OPE, supposed to work “l

only away from pert singularities

I 41

Rate becomes sensitive to “local” !9 o4

: . (Gev)
b-quark wave function properties

(like Fermi motion i

<> at leading in 1/m, SHAPE function)

| but we need

q%> (Mg-Mp)?

0.6 r

«=-- parton model

————— including fermi motion (model)

kinematic limit of b—c

------

_-_—-"'

e

O.IS ] 1:5
E (GeV)

Paolo Gambino Napoli 10/6/2005
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Each strategy has pros and cons

% of

limits and still get
small uncertainties

cut good bad
rate
” - depends on f{k*) (and subleading
. r: / - . corrections)
sl _=# E,~ 28" "p | ~10% | don't need neutrino - WA corrections may be
= 2mg substantial
ZEEE - reduced phase space - duality
issues?
sy < md ~80% lots of rate depends on f{k*) (and subleading
corrections)
- very sensitive to my
- WA corrections may be
P> pmg —mg) | ~20% insensitive to f{k*) substantial
- effective expansion parameter is
I/m,
- insensitive to f{k*)
lots of rate
"'Dptimized ~45% - Can move cuts - sensitive to mp [ﬂEEd +/- 30 MeV
cut” away from kinematic for 5% error)

Paolo Gambino

Luke, CKM workshop 2003
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V., incl. and exclusive

Intense theoretical activity:

v'subleading shape functions e A | .
v'optimization of cuts (P, P_etc) it N exclusive
v'weak annihilation contribs. SR 0
v'Resum. pert. effects —
v'relation to b - sy spectrum —
v'SCET insight S
-
A lot can be learned fromexp |0 ———
(on WA, better constraints on s.f., BEREC e
subleading effects from cut Sinaie et
dependence, b - sy...) e e
Ciz. —
REQUIRES MANY COMPLEMENTARY |
MEASUREMENTS (affected by different uncert.) |20l :
' I ' ' I ' ' ' I

Exclusive modes: NO HQET ff normalization 2 4 VoI [x 160-3]
LCSR and LQCD complement each other WE ARE ALREADY AT 10%
but ~20% error. Waiting for unquenching New BRECO analyses: new results soon...
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Other constraints on the UT

Looking for V., (and V..)
through loop processes

d
u.c,t

Paolo Gambino Napoli 10/6/2005
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e, AM,AM,: at the mercy of lattice QCD

IF 12
3
ﬂ.ﬂf—
l'.l.Hf—
l'.'.#f—
n.nf— /N
of
-D.E:. 'ﬁ:r I ﬂ| I
II-1.III-I'.'.5 Illl l].ﬁllll‘lll_
P
! 0, _ 8 2 2 G : 2 2 2
K'Q(AS =2)[K") = FieMic  AMy = —5npMp, (B, g ) Miy So(z)|Vig]
To use g, and Amgy , to extract CKM parameters, Fs.\/Bg.

we need 3 quantities from lattice: B, , B and &= =
o 284 Fg, / Bu,

Typical errors for quenched results: 10-17%, less for &
Paolo Gambino Napoli 10/6/2005 42



Progress in LQCD ’

Despite folklore, there has been progress

B physics simulations are mu/tiscale: present
lattices can resolve neither b (too heavy)
nor light q (too light)

3 main sources of systematics:
% Discretization (different complementary approach)
<+ Chiral extrapolation (needs lighter quarks)

< Quenchi Ng (getting there: many new unquenched results)
NEW By=0.79(4)(9) instead of 0.86(6)(14)

150 |

etal. (1991

xandrou

Ale

Abada et al. (1992)

= =
R
i 3
k!
;

Hi ATCR

1992

e year
1.3 o — ILinlefl;' e;(trfllpollatilonl 1 I
_ —Esareoin Example of difficulties: & parameter
N ] - Chiral extrapolation done using ChPT
%’2 EIAN ] but at NLO large logs appear (+10-20%)
> A | can we trust ChPT in regime of simulations?
11} - (chiral logs are not observed in that range)
' Waiting for lower m,, a 10% effect maybe safe
A T R J T - +12 - . .
T E B €=1.18(4)(*12_,) Lellouch §=1.21(5)(1) Becirevic
r

Paolo Gambino Napoli 10/6/2005

43




New unquenched simulations

. val_ sea , .
2 m,=m, (final)

2: m' = (prelim)
q q
wval sea
24l:m =m
q q

i

al 5
241 m - <m
Ty g

val sea
241: m  >m
q g

some evidence for chiral logs (Kronfeld, ckm2005)

Paolo Gambino ~ Napoli 10/6/2005



Two alternative routes to |V,

A good measurement of BR(K* - 1T'VwV), WPQSIQ Isidor
O(10-19), will provide an excellent clean deter A // B o
mination of |V.,]. ' ludl 1 ] JIH 7
- BR(K_ - mw)~3x1011, determines n (/ / / / m

Both very useful, but theory must be s E e
improved exp is still far and prospects Br(K+ — 7o) = (14.7+130y . 101!

&80

at NA48, CKM,JHF ,KOPIO unclear

Br(K; — w'vi) <59 x 107",

B - py/B - K*Y can give a determination of V,,/V,,
New Belle result (first observation of b ~d):
BR(B - (p,w) y)=(1.840.6+0.1)x10¢  R(B- py/B-Ky)=(4.2+1.3)%
Ali et al. extract from this 0.16<|V,,/V,.|<0.29 at 10, in agreement with fits,

but less precise. Form factors from LC sum-rules. Exploratory calculations on
the lattice confirm LCSR: their improvement is essential
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NEW: iher Ul from radiaiive decays

gives |V,,/ V,.| <0.21, cutting
into the area selected by
present standard fits...

VERY PROMISING 0.2
But beware of theor. errorsl!

Beneke et al. (dec 2004) . 11
use QCD factorization in vV o ]
various exclusive radiative ‘.‘ 08l
decays (BR, CP and isospin v
asymmetries) to constrain UT Y j

0.6
Bound on BR(B-p%)/ BR(B-K*y) o

0.4Y

Standard UT fit -0.2
-0.2
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Color suppressed / K
also possible — 8
WA Vo

wi

o] w oal o

Various strategies:
the most effective is Dalitz plot analysis of D->3 body final states

Paolo Gambino Napoli 10/6/2005

47



Strictly tree level

= F
1

0.5

of

-0.5/
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Global fit results

IF12_—
1=
uaf_
u.af_
u.4f_
uzf_ °
oF
-u.z:IE

—

P =0.210 £0.035 n =0.339 + 0.021

http://ww. utfit.org
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Global fit results (II)

SN T

7

0.7 - ' ot | v | L L A [
0.6 F '\ﬂmd <—B-pp \\\m

5 ]
- K 3 =
5 sin 2 : Winter 2004
05 - 8 / e Am_ & A, \ ]
B e :
04 F g ; .
't ’D i :
03 F & i b AT R |
S~ B—pp ]
0.2 | / fi?ﬁﬁﬁah E
0.1 5 s E
|vubfvcb| Wi / B ]
D 1 I 1 1 1 I 1 1 1 I 1 1 I| 1 | 1 1 1 I
0.4 0.2 0 0.2 0.4 0.6 08 1
slightly differr'iglﬁinpu‘rs P
H = FE Ve A
|

) =0.207:0040 ° 7] =0.339:0.024
http://cknfitter.in2p3.fr

Paolo Gambino Napoli 10/6/2005
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Fitting methods: a matter of taste

Differ in treatment of theory error. Two main groups:

Bayesian (UTfit)

Non gaussian errors (th & exp) are
assigned a flat pdf, to be convoluted
with gaussian pdfs

Pro: conceptually clean, easy for Am,.
Con: does not provide a X? test

Rfit (Ckmfitter)

Non gaussian parameters have
flat likelihood, not pdf

Pro: more conservative (beware
of theorists guessing errors!)
Con: CL is at least x%

'3}) FT i Parameters 68 range 057 range

= - Bayesian By Rfit (Bayes) [ratio R/B] | 0.68-1.06 (0.76-0.98) [1.70] N0.62-1.12 (0.67-1.06) [1.25
Difference important especially when theory (M

. o,
error domlnaTelsBW]hg 99% ‘ Ratio Rfit/Bayesian Method
CL r‘anges. of 9.0 al fit are Parameter 5% CL 1% CL 0.1% CL
quite similar with SAME . — . -
INPUTS. DO NOT TAKE 10 RANGES
TOO SERIOUSLY

Paolo Gambino

.12 see CKM Yellow book

~° 1.46 1.31 1.09
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CP violation in the B and K sectors

= 42

1
0.8
S
0.6

0.4

0.2

'

AN

0

[T
-
£
| ™+

02

Using only the sides of the UT (CP conserving)

Sin2p,; = 0.725 £ 0.043 Sin2p,,, ,, = 0.726 £ 0.037

(without direct meas.)
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Prediction off Am.

% _ % o0 UTp;
'g ouoDa -E
£ | z
‘O = D4
2 | g
En.nms: E [
EI. s kx‘"— ----- P R R
D 5 10 ﬁﬁm-:ﬂ s 10 0 a0
A M,
Am_=21.2%3.2 ps-' Am_=18.9 £ 1.7 ps Am
(Amg not used) (with all constraints) e RamaE fm:j
DIRECT MEASUREMENT: Am,> 30 3 new physics af 30

Am _>14.5@95 % C.L.

In the absence of new physics Tevatron should measure it soon
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Prediciion o\ and o

V=(58.1+5.0)" va y=(57.5%:) NEam

At 95%CL [48.6-68.6]

§in2a =-029+0.17  Sin2a =-029%;5

(B g it el
95%

vierde: 9O%,
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1= 12
-3 ONLY ANGLES
o2f[01t]
' p
1= 12—
ont
ALL (reliable) DATA =
angle measurements 04 B
start being noticed 02
oaf[2Vit]

-1
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The near (unquenched) future?

14
B,=0.79 006069 f, VB, =276 £(38Me

21
£§=1.24+004+ 006 sin2p=0.734 £ 0.C ‘

A direct measmnt of Am_ and improvement on V , will also have a significant effect

Ap = 24% — 15% An = 7% — 4.6%
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Summary

O CKM describes well a host of data. Present errors are dominantly
theoretical: LQCD best hope, but theory control can be improved
by exploiting new data at B-Factories,Cleo-c, Tevatron

d First row universality problem resolved by new K; data

a |V,| inclusive/momnts analyses: duality verified at % level, V,, at
1.5%, better determination of non-pert B parameters

Q Progress in LQCD is slow but sure: learning to unquench etc

O Excellent agreement so far with direct angle measurmnt
(pending scrutiny of B ®K,)

...nevertheless, still room for new physics
(we have tested only a few FCNC)
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A dramatic step forward...

7 "
Vet w®+  BABAR (OPE) [E B X v I T BARMR (OPE fit)
H— CLEO-1 (OPE) —4—  average HFAG
— CLEO-2 (OPE) @+ BABAR (e tag)
—§— DELPHI [OPE) L@ Belle (£ tag)
—+@+—BABAR (Ey) —&—  CLEO (£ tag)
! —@——— Belle (E,) i BABAR (breco)

ittt |l (Dreco)

—+@——  HFAQ (excl. D*) N . ARQUS
39 41 43 q1p~3 10 11 %

A real advance: non-pert parameters are everywhere in B physics
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Fitting non-pert parameters

?: UT7Fit
LATTICE QCD UT FIT

f B, |223+33+12MeV | 257215MeV

By 0.86 + 0.06 + 0.14 0.68 +0.10
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kinetic mass scheme

m,(1 GeV') (4.61£0.05,, +£0.04,0, £0.02, )GeV’
m_(1 GeV') (1.18£0.07, £0.06,,, £0.02, )GelV’ Uraltsev & PG

Fit Results

-. {41.4LU.4M ;(].4“{.3], L{}.Z ot [].(}[.H_ )% 107 Kinetic scheme:
Br(B— X _ev) (10.61+0.1 6‘2. +0.06

Small pert corrections
Minimal set of parmts
No 1/m_ expansion

HOQE

HOQE

(0.4520.04, £0.04,,,. £0.01, )Gel? Strong correlation between

exp T

(0.27£0.06,, £0.03,0; £0.02, )Gel? m, and m,;

(0.20£0.02,, £0.02,,; +0.00, ) Gel” my(1 GeV) — m (1 GeV) =

Tesp

(-0.09£0.04., £0.07,4 £0.01, ) Gel” (3.44+0.03,,+0. 0231060, 01,) GeV
43 T T T T T T T T T T T
[BABAR  Lepton | Hadron BABAR 1 T - BABAR Hadron 1
7~ Moments} M\Dments_,_\“ ~ | 2D projections 4.8 ... Moments-
42 - LE . I . Y
2 L\ W , | ofthefitresult: o i
= 1; ] s 'f @ I ',\
el : L A ] < P
—_S 41 _-li: O A__Le.ptnn ] . . . 46 - e -
> | \ T [ MGG, Ay==1 ellipses £ | < )
40 ﬂ' : Hédmn al All i All \Leptan
omenis 4 . o o - M t
. [(a) Moments | b) Moments - No sign of deterioration {b}"“"”"’l'e”tf f’”‘E‘I"S
45 4 7 49 04 05 08 ¢ for hlgher' cuts 0.3 0.5 0.7
my, (GeV) 2 (GeV?) u2 (Gev?)

Moriond QCD

30. March 04 Henning Flicher (RHUL) 13



