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a4 Measurements of CKM Elements

@ | detailed insight from talks
by K. Abe and Y. Pan

and unitarity

B. Golob, Belle Col
University of Lju

_ ~

Aim:

constraints on CKM matrix

consistency between data/sM

» Cabbibo angle

> tree level B decay?

.
» oscillations

> angles

\.

» overall constraints

Golob, uUniversity of Ljubljana
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865
‘ |Vus| m ] BNL E

> | - PDG2002
from K+ - g0 T+ v, § g_’iz{average w/ E865
|V,c| from E865 - Sii ~—

designed for k* — n*u*e- search D?;;—pﬁg,(l Faverage:
1 week dedicated K. run 1998 02060 (4.82 % 0.06)%
BI"(K"' - 10 e+ Ve) — K KD K KD,
(5.17 £ 0.02 * 0.09 % 0'04)%;Un1tar1tym?:

v L= 0. 72272 & O 0028 IVygl2 + [V |2 + |Vy,l2 =1
+ 0.0020 theoretical |Vug| direct=0.9740 = 0.0005(SFT)

uncertainty (f,(0)); - Ve | girect=0.2201 = 0.0024

(Ke3,w/0 E865)

- Vs | unitarity — V(1 - | Via | “direct)
=0.2265 = 0.0022

(E865,hep-ex/0305042)

v

~2 o discrepancy
solved by E8657?

B. Golob, University of Ljubljana Physics in Collision 2003, zeuthen



From tree-level B decays

05

sin23

0.5

Apex of unitarity
triangle must lie
within the band
(independent of
new physics);
constrains the
side R,




[Vep | 5 [ Vi |

From tree-level
(s.1.) B decays

> Vep

:" \/Lﬂ) ‘IIIIIIIIIIIIIIIIIIII......--_-

B. Golob, University of Ljubljana

» exclusive

mainly B » D*lv (higher stat.,
Tower th. uncertainty);

also B » Dlvas check

» jnclusive
total s.1. width + moments
of differential distributions

» exclusive

B » mp,0on lv;

HQS not helpful, high th.
uncertainty

> jnclusive

total s.1. b - ulv width;
1imited phase space, larger
th. uncertainty than b - clv

Physics in Collision 2003, Zeuthen



|V.,| from exclusive decays

Measurement of w distribution B(Vg) q<1v
2 2 2
M+ My —q”
W= = VVp=
2M M . ‘

known kinematic factor D* (V,.)
% )
dI'(B —> D*tv) K(w,m ,,m *)Tz(w) form factor
dw /\B/\D//\/\/ (Belle,PLB526,
. 247(02))
In the heavy quark -I -i m-i t : 0.045 — Be-l -I e — Dispersion relation
T(W) =§ (W) §(1)=1 - | J ----- Linear form factor
Extrapolation of — * Db

dr/dw to w=1 - F(1)|V,]

F(w) = T(I)K(W)(l—8p22+...+O(Z4)) °'°2p and (1) |V;b|::" *
N s free parameters
w+l \/_ (I.Caprini et al. P

0 e S S S S TS B N S S S S S J

1 1.1 1.2 1.3 14 1.5
o142 Nucl-Phys.8530, 153(98)) , W

B. Golob, University of Ljubljana Physics in Collision 2003, zeuthen
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|Ve,| from B » D' lv ‘

HFAG,
winter’03

DELPHI(xl)
DELPHI(prel)
OPAL

11M BB

3M BB CLEO

World average (prel)
V., Working Group

meas. error dominated
by systematics:

Z%: modeling of D** bckg
34.142.141.6 Y(4s): e(ngiqy)

H_'_H 36.5+1.4+2.5

‘_ : % 38.2+1.8+2.0 e quark model
| bl I 38.4+0.9+1.7
— | . | sum rule

I_‘_,_,_| 43.3+1.3+1.8
—e— lattice QCD

=

|38.lil.0 | | |
Lovalaaalosl [N B

i1 111l L1l 11 1 111 111 111 0,85 0.90 0.95
30 32 34 36 38 40 42 44 46

F()V,, (107) F(1) = 0.91 = 0.04

V| =(41.9 £ 1.1 + 1.8)x10-3
exp. F(1)

B. Golob, University of Ljubljana Physics in Collision 2003, zeuthen



|V, | from inclusive decays

Measurement of semileptonic width I

~1% accuracy Br(b - clv) /1, = Ky, [Vy ]2 ~5% uncertainty

on |V] \_/ wlv‘:bl
Qb

Operator Product Expansion:

two parameters to o(1l/m,?%):
Ay (kin. energy of b);

A, Chyperfine int. energy);
+m=mg - A

corrections described by same parameters also for
different moments of d1fferent1a1 distributions

ML Loy x-ew e
s riv o

B. Golob, University of Ljubljana Physics in Collision 2003, zeuthen



several moments me

|V,| from inclusive decays

asured:

1850801-007
T T

I

vV

B

o
I

p

— Spectator Model |

T '| T T T T '|
Data

<E>;

_ 2 -]
<(Ey <Ey>) >3

4t

Weights / 100 Me
= =

A,

T

f

f
tt

+ |
a

Cleo |

1.5 25

E, (GeV)

Eyfrom

(Cleo,PRL87, cTep also moments of

251807 (01);

N IR B
3.5 4.5

b - sy;

E, [GeV]

MMy} Ma(My)  M5(My) My(E)  Ma(E)  Ms(E)

0

]
=
e

A, [GeV2 T Gevd
2 £

(Delphi,hep-ex/ **
0210046(02), 05
M.Calvi,Delphi,
CKM workshop, ¢
Durham’03)

-0.7

1 | |
01 02 03 04 05 06 07 08 09 1
— A (GeV)

1st,2nd 3rd Tepton A[Gev]
energy and hadronic

cleo,prL87, — hadronic mass spectrum

251808, (0L);~ Tepton energy

Cleo,PRD67,

072001(03)) from B - Xlv;

B. Golob, University of Ljubljana

mass moments,

BaBar: moments of
hadronic mass; p*
dependence stronger
than expected,
analysis ongoing;
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|V.,| from inclusive decays

HFAG Winter’03 average _
using world average
LEP: I';y = (0.434+0.008)10-10 Mev
Br(B - X1v)=(10.65+0.23)%

(advantage: full lepton spectrum) L (some measurements not yet

included)
ARGUS l . . .
670 050 040 3 | ~ and combining different
CLEO : rd
2.2 BRCLEO : S measured moments, alfo 3
BELLE | § (sensitive to o(1l/m,),
eRoERes * 3 multiparameter fits):
BABAR (b : o
22M BB A s . i (C.w.Bauer et al.,PRD67,054012(03);
BABAR | M.Battaglia et al.,PLB556,41(03))
10.87 £0.18 £ 0.30 H—'—H ’:'
82M B BeLLE () . s
Average i -
1081 5025 —— (41.4 T 0-7 T 0.6)X10 3
| exp. th.
i :
Winter 2003 : . N
e T e T T T exp. Ty Ay Aiyp1sp;

B(B > XIv) [%] th.: oy, 0(1/my*)

B. Golob, University of Ljubljana Physics in Collision 2003, zeuthen




|V,,| from exclusive decays B - olv
M(r*n ) ; higher p*,
Measurements of L oY omer< p*. | sE24<pi<f
Br(B - X,1n); 100 - 0 F

several measurements
exist: -
BaBar, Belle, Cleo -
covering 100
B » nt,n%,p*,p% m0,n 1v

300

o]

0.703 0.783

0.863

> GeV/c? . GeV/c?
» similar as b » clv, b~ clv signal
but in 1limited interval (c.schwanda,Belle,CKM workshop,Durham’03)
of g2 (Cleo, =nlv, plv)
p*,,E; (Belle, olv), » extrapolate to full range
(BaBar, plv) (g%, E;) using

» fit to obtain yield
(use 1sospin relations to

different models;

|

connect n(p)*lvand n(p)°lv) source of theoretical
uncertainty

B. Golob, University of Ljubljana
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|v,,| from exclusive decays

T i A
08k @ -=—=SPD.

T I 1), m—Balor |
x 0.7 1 =
i=] =
= 06
G 05—

5ol - &

ol C
|'_| -

0.3F
S F
=o02f
01F
P I B L I At (Ve Lo e Lo
0 5 10 RE 20
q° (GeV")
g?[GeVv2]

Cleo: B - mlv,

B - plv
2D M(X,1v),AE fit
separately 1n
three qg? bins

IIIr[lf'l'l'['lllli[ri'l"'l'llllllll[TTI'I]ISIGI?O]IOIS:‘O?'IS
1.8 ;@ Melikhov '06]

- . m—Ball'98
Leh pr A-———ISGW II

|
N
u I
T T R T R—
q° (GeV?)
g2[GeVv2]

Tower syst.
from £(g2);

Tow probability
ISGWZ2;

evaluation of th. uncertainty;
difficult to combine;

(L.Gibbons,Cleo,
CKM workshop,Durham’03)

from total rate

( @ CLEO ‘oo (p)
—

H-@—H BaBar'o2 (p)
—

< HeH  BELLE (r,UKQCD)
—

H-@HBELLE (pY,ISGW2)
\ average
BELLE '03 (mw)

o~

V| = (3.42 # 0.22 # 0.55)x10°3

exp.

th.

B. Golob, University of Ljubljana

LCSR(q2<16)+LQCD (q2516)

I CLEO 'o3 (i)
_—
o CLEO '03 (p)
T
H-@-H CLEO 'o3 (comb.)

2 256 3 35 4 45 5 55 B

Vub|x103

Physics in Collision 2003, Zeuthen



|V,,| from inclusive decays

(plots from
M.Luke,CKM workshop,

Semileptonic width b -» ulv
. . 2
sensitive to V,, 1n analog q

way as b » clv

sensitive to V; Ed

(GeV?)

15|

variables separating ol

b - ulv from b - clv:
» Jlepton energy Eq;

» hadronic inv. mass M; 0

» Jeptonic inv. mass ¢?;

25,

nonperturbative
(no rate at parton level)

Durham’03)
B — X.£0; Phase Space
looser
tighter selection
selection criteria
N criteria B — X {vyallowed -
2N (huge background)
\\\
~
\\
Targer™s,

th.error\\\

real gluon emission

M, 2

perturbative singularity
(real+virtual gluons)

Number of measurements using
different individual variable
or combination of those.

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



|V, | from inclusive decays

\
Hadronic invariant mass  CMS:
»at Y(4s) need to M=V (Epean’ ~P5*) n Y K
separate decay AE=Eg-Epean /D/
products of two B’s; 2 By y——""n >

» large sample of B’s
- can use fully
reconstructed events;

BaBar:
B » D*)ynm
e~0.4%
selecting p*,>1 GeV
on recoiling side;

(D.del Re,
BaBar,
Moriond’03)

f“:\_
(W) pa1dnJ1sSuodad AL LN

7 5.28 5.29 2.3
mES(GeV)

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



|V,,| from inclusive decays

calculate M, on
recoiling side;

fit with b-ulv, b-cly,
bckg.; extract

Br(B-X,1v)/Br(B-X1v)
(D.del Re,
BaBar, 1

Moriond’03)
- _

&8 450 BABAR
: 400_5 AL Preliminary
— 1 ® Data

5 3507 ¢__i1# Bbouly
LE 3001 Obocly

B background

250
200
150
100
50

LI B S S S B e B B S B B B B B e S B s

1 2 3 4 5

technique;

Belle: simulated annealing

minimize

L(random) exchange particle
- L(random) + L(correct) °' gnal © tagging
side
NQ | 711 v expectation
3 190 i b-clv
8 i subtracted
1 I
o 100? ] o | v expectatio ¢
~, L MC(m, = 4.65 GeV/c?)
% I MC(m, = 4.95 GeV/c?)
i é‘f
0 LULRUW—.T
I ‘o. °
_50j * . ® \
-100-

25 3

Ph s 1 15 2 :
M, (GeVic")

(A.Sugiyama,Belle,Moriond’03)

My [GeV/cZ]

B. Golob, University of Ljubljana Physics in Collision 2003, zeuthen



|V, | from inclusive decays

Inclusive V, summary

(HFAG winter’03): e 00 5
no average for 50s 10 | o
B factories; ity &
all measurements suffer oPAL . ’
from th. uncertainty; ey &
Tepton endpoint results: CLEO (endpoint) . 9.5 BB
error from sh.f.,th.,sy BABAR (endpoint) . . 29M BB
completely correlated CLEO (m,-Q’) i
4.05+0.88 = F
exp. syst. BABAR (m,) . . 86M BB
uncorrelated BELLE (m, with Dl tag) ——o
500 £0.83 & X ®
BEILE - !
3.9510.?%73{ ) | A = 82M BB
|\/uk)| —_— 9 : :
(4.28 £ 0.17 % O.62)x10‘3“””_,,,_,,,l.,,,,_,,,
1 2 3 4 ] 6
exp. th. V] [x 107]

B. Golob, University of Ljubljana Physics in Collision 2003, ZzZeuthen



From By ; oscillations

Apex of unitarity
triangle must lie
within the band;
constrains the
side R,

i sin23




ALEPH
{3 analyses)

DELPHI
{5 analyses)

OPAL
{5 analyses)

BABAR "
{3 analysec)

average of above
after adjostments

ARGUS+CLED
{1ﬂ measurements)

world average

" working group average
without adjistments

By oscillations

B. Golob, University of Ljubljana

0.44 6+0.026+0.019 ps?
0.519+0.018+0.011 ps™*
0.444+0.028+0.028 ps*
0.479+0.018+0.015 ps*
0.A495+0.033+0.027 ps "
0.5000.008+0.006 ps*

0.5060.006:0.008 ps*

0.503+0.007 ps*

049240032 ps™

0.50240.006 ps*

HFAG,winter’03

1.2% relative
error on Amg

to extract |V.4l

FgqVBgg = 220+35MeV

(LQCD)

Physics in Collision 2003, Zeuthen



<

B. oscillations

Amp1itude method: instead of Am_. free parameter,
1 fit A at fixed value of Am, -
P =—Te [1_ OS(AmSt)] ACAm,) ;
’ 2 no oscillations: A=0;
oscillations at given Am,: A=1
(ATeph , CERN-EP-2002-16) Am, excluded @95% C.L. where
A'Ieph_ A(Ams)+1.645C7A <1

»
»
-

combination

EL [ a) ALEPH simulation o e b) ALEPH simulation

of 3 methods; e 3
-exclusive Ft Bt T | e S | R
(Bs » D;n(a;,p))y o | o~370u wo| Op/ P
-semi-inclusive S©° ™| w.m;_~12%
(rec. D, and £85 ™
lepton), 8o |

. . UV n 0 2000 |-
-inclusive co LN L N N
(semileptonic); £ _ = * " ° 7 Chew T
p= inclusively rec. D vtx.;
e ox~exp(Am?sc?./2) ! pg Using p,;.c and pp;

@ increasing

Golob, University of Ljubljana Physics in Collision 2003, zZeuthen



2
in

Amplituae

[
in

0.5

B. oscillations

(R
T

|||||||||||||||||||| I LI LI LI LI LI
Wmld avﬂ age (pr El b
L + datatlc & 95% CL limit 144 ps* E
[ - L6d5c o semsitivity 193 ps” ]
- I datatledSc T
- [ ] data+ L6dS o (stat only) L' hf
%% w.‘ TR =
[ n_* 1 v
i il e i
- / 1 8l
) 1-
' I W”“' !
A 95% C.L. TH'. i
: 14.4ps-1 4
_I 11 1 I 111 1 I |||||||| | 11 1 1 I L1 1 1 | 11 1 1 | 11 1 | 11 1 1 | m_
0 2.5 5 T.S 10 1258 158 178 20 225 2§

Am, (ps'l)

B. Golob, University of Ljubljana

HFAG, winter’03:
average of amplitude
measurements;

E”’,,,——’ data + 1.645c
/ data = lo

1next test of SM in CKM fits;
i Tevatron domain until LHC;

Physics in Collision 2003, zeuthen



..is one of the

=k angles of UT..
1 — _— - i ©
I g
ik d,’l.’ K
: AMy/D measured 1in
T ’ b - ccCs
- 7 B » J/¥K,
; e S
0 vabl— b - ccd
= B » DD
[ | S S T | : P L I [
-1 -0.5 0 0.5 1 B _
P b - sss

B"(I)Ks




HFAG, winter’03 s1n2¢,(B)

. oPALSs EN 1+0.07 precision measurement,
g 32l05 i ! —limited by stat. (by factor
© ALEPHO0O . : : .
i 084”02 +0.16 ' ! ! ' lof 2; ~50% more stat.
3 Soned  —o— already waiting)
c —0.44 ! ]
S BABARO2 88M BB - -
% 0.74140.067 + 0.034 2 ! fe ~
Belle 02 M BB ] 1
o o%;ﬂwumw i dverage. -0.38+0.41;
ot o o) ’ b -~ sSs, penguin only w/
7340, : ! ’
2 omsosizog SM BB et | different phase, one
S B0 e toa || < suppressed by 0(.2);
BABAR 03 L i th. clean, with increased
D_x‘” 0.02+0.34+0.03 89M BB ! . . I:I .I
= Belle03 89y BB A I stat. might reveal hew
0.71+0.37 " o2 0 . '
¥ Belle03 ) \phenomena
< 0.49+0.43" 7 il :
A i !
A —— |
A All i :
0%%?%%1&3) i lﬁ &Eggg

3 2.5 -2 -1.5 -1

-0.5 0 0.5 1 1.5 2

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



Angle sin2¢,(a)

i sin23

05

..1S another
angle of UT..

..but more
difficult to
access than

¢!

measured 1in

signi

b - uud

B - wtn~

ficant

B. Golob, University of Ljubljana
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sin2¢,(a) from B - nm

. {; ” B 2 g g
sin2¢, “summary”: < | o Belle78fb” = Babar 88M BB
k —Belle1c - Babar1c
(H.sagawa, FPCP’03) — Belle 26 Babar Zc

Belle B -» nn:
(lP/T|=0.3, sin2¢,)

by

noi\ IHNEZA)
s |

[E D 4
A \CL=0.68 \
100 S
P e,
80 - \C:L=0 95;
L CL=0.9973
60 -
40 f
20_1IIJIIIJIIIJ]IIJlIIJIIIJIII
=150 -100 -50 0 50 100 150

o

78° < ¢, < 152° @95%C.L.
(independent of 3)

Feldman o Cousins confidence interval

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



CKM fit

Standard fit:

use measured observables and th. parameters

. . . S~ (CKM Fitter group,
to constrain the region in (p,mn) plane http: //ckmfitter/in2p3.fr)

Inputs(some):
Experimental Theoretical
|Vud| ’ |Vus | ’ |Vub| ’ |Vcb| nB’ -FBd‘\/BBd, a, BK""

€y Amy, Amg, S1n2¢;, m,..

Rfit approach:
theoretical uncertainties ¢ constant likelihood

M1 n-i m-i Ze L(ymod) — Lexp (xexp o ‘xtheo (ymod )) ) Ltheo (ymod)

and compute CL.
ﬂ nice plots

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



(CKM Fitter group,
http://ckmfitter/in2p3.fr)

(:) 90% C.L. contour

e {

|

k=1
ol

all “knowledge’

but sin2¢,
(overlaid)




UT constraints

how about sin2¢,?
constraint determines arcs through (p,m)=(0,0) and
(1,0) with center and radius depending on ¢,;

95% C.L.

: consistent
--------- v S ¢,=118° (with

other
measurem.

AMg =
s 061

PDG values 2002
+ Belle sin2¢,

(H.sagawa, FPCP’03)

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



summary

V,q4+ 5x10* accuracy, theoretically limited, PIBETA

V,-: unitarity OK, disagreement in K.; (E865), KLOE, NA48;

Ve,o excl. lTimited by #(1), moments will improve th.ambig.;

Vy,+ q° dependence starting (Belle,Cleo); inclusive M,, ¢?
will be improved (Ba/lle); th. ambiguities resolved

-through tests of models (exclusive);

-through moments measurements (b - sy);
excl./incl. disagreement?

VigsVis: Amy already very precise, also improvement on tg;
Am_ important constraint on UT, domain of DO, CDF;

:;in2¢1: real precision measurement, NP could be seen by
Ba/lle (e.g. ¢K.);

:;in2¢2: just started, although complicated, will give
important constraint on UT;

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



..to conclude

ﬁ
™
| Vub/VcbI ;‘
B 5 1 0 6 1 ﬁ 2
% of current error on same with current sin2¢,
Vs S1n2¢; (400fb~1) value from ¢K, and % error

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



‘backup s1ide

Vud Vg Vys SUMMary Ve
0.984 0.235
Onuclear OKe3 PDG
0.982 T beta decay
(Hardy,Towner, 0.23 I 1
0.98 Eur.Phys.J.A15(2002))
| B Ke3 E865
Bn beta PERKEO IT (E865, hep-ex/
oo decay Grenoble %%*° 0305042)
0.976 (H.Abele et al., -
PRL 88(2002)) l l BTau decay
T 0.22 1+ (ALEPH, hep-ex/
0.974 7= EPi beta PIBETA l 0211057)
T decay
1] I
0972 (D.Pocanic, PSI 0.215 KLOE,
B CKM workshop, 1
097 | : burham, 2003) NA48
0.968 0.21

——+ experimental error ——, €xperimental error ®
theor. uncertainty

— nucl.p decays (1+5x10-4)
limited by th. uncertainty; — new measurement by E865 vs.

~ important check expected average of older, systematics

. ?
from np decays with ~1,2 under better control |
error: — new measurements coming;

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



0.2
Vcb from a0 D*-IV (Aleph,PLB395,373(97)) §
backup slide g 015
> W .or 9 o
reconstruction g?=(pg-pp.)° & m_;_____,_
2— 2 Wy
a’=(P1+P)? 20y o(w)~0.03;
pm'iss (_|_ MC al SO D** 1 1.1 12 g0r 13 1.4 1.5
corrections e ey T
) ) bCkg' (Y(4S)) 5 - e nf CLEO . *-
c(w)~0.10; suppression g orsf-a = R
£ . .
7] - . ’
=S SRR a o ~
(Belle,PLB526, = S @ @ a]
247(02)) 2 oafs® N
0.05 0 e o ’
‘Belle v S . . . N
0.045 [ —  Dispersion relation 1o e s
-_ ----- Lin:ar form factor } {F(W) 1 w
| parametrization; single
Ei;ms = SN (slope) parameter p?
0025 } S T(W) = T(I)K(W)(l — 8,02Z +...+ O(Z4))
*2 52 and qs(l) |vcb """""
ANw+1—-4/2
5 fraa par'ameter's z = \/_ (I.caprini et al.,
o ST | Jw+1++/2  Nucl.phys.B530,153(1998))

B. Golob, University of Ljubljana
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V., from D*1lv by DELPHI backup slide

Br(B® - D*+*1-v) = (4.70 + 0.13 % 0.34)%

Syst. error dominated by D** w distribution modeling
(= 5.1% on v )

Two narrow states, D; & D,* (1+,2+) well established
Br(B - D,*1v)/Br(B » D;1v) < 0.6 @95% CL (LEP,CDF,SLD,CERN-EP/2001-050)

- agreement with HQET when 0(1/m_.) corrections taken
into account;

- use such model for form factors and vary relevant
parameters in the range consistent with experimental
results;

- syst. error is the max. difference from central value
when #(1)V_, measurement repeated for each parameter
variation;

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



Moments from BaBar backup slide

~
% B T e N
O os|_ ® BABAR Preliminary -
L C 1 E CLEO ]
A I : _
Nzo ool 1#‘* | _— A;,Afree
| ' : ' ]
N - : \\%/
3 NG due to the fact B
= ‘: _: <MX2_MD2> Z -FD**(MD**Z_EDZ)-F
I +f, (M,2-M,2)
. 7?7 excited state production saturated
"1!2"' VI Je by D¥** 7?7 (M.Luke,CKM workshop,Dburham’03)
p*[GeV]
predicted dependence theoretical error similar to
with A;,A as measured at experimental

*_
P =1.5 GeVv (N.Uraltsev,CKM workshop,bDurham’03)

new results expected

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen
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V., 1nclusive from Belle

fully reconstructed B:
B - D(*)ni, D(*)pi,
D(Ma,*;

%

DO - Kn, K3m,
Krn®, K27;
D* - K2m

CMS:
IVlbc=\/ ( Ebeam2 - pBZ) _J
AE=Eg-Epqan

(W) po31dndasuodad A[|hJ

(Belle,DPF’03)

(78ﬂ5%n1 Y(4S)/

8.8

fb off-res. )

B

6000] 7000

6000
5000| :

- 5000/
4000
4000

3000
3000(

2000 2000|

1000|

&

1000|

53 %.2
[GeV/c]

2

5.225

5.25

M,

5.275

5.225

5.25 5.3

M,

5.275
[GeVic]

B. Golob, University of Ljubljana

Physics in Collision 2003, Zeuthen



V., 1nclusive from Belle

backup slide

Lepton spectrum on semileptonic side:
(p*>0.6 Gev, extrap. to full interval)

p— g+ prompt lepton
Q 4 secondary lepton
~ : 0 ] v Iep
% 0.12 B e U-TZ[
¢§ 0.10] 0.10] +
=08 T 5 S 0.08 ++
- 0.06 * < 0.06{ T
0.04 _+_i 0.04{ i
© i &
0.02} +, 0.02} +
o - ——
e | B B 3
0.12 *‘e ] 0.12| ¥
aﬂ)Ig + 0.10 4 +]3 H
0.08| * e 0.08[ +
0.06 =R 0.06] T ¥
0.04 *j 0.04| i
o o
0.02} . 0.02/ N
0L P | . . . . &
1 ) 1 ~7

(Belle,DPF’03)

P (B rest frame) [GeV/c]

B. Golob, University of Ljubljana

individual Br (BY,B*,e,pn)
measured

Br(B - Xlv)=
(11.19+0.20+0.31)%
stat. syst.

(PID ¢,
extrap.)

Physics in Collision 2003, zZeuthen



V,, exclusive from BaBar backup slide

(L.H.wilden,K.R.Schubert,BaBar,CKM wWorkshop,Durham’03)

»> B - 7n*,7%,p%,p% 0 ev;50fb1;

> two E; regions: 2-2.3 GeVv (b - clvbckg.), 2.3-2.7 Gev (continuum
bckg.);

» |cosOg|<1.1, Y=p+l, rejects wrong comb.;

» continuum suppression (NN);

» jsospin relations: I'(B? » p-e*v)=2I"(B* -pYe*v), I'(B? - mnetv)=2I"(B* -nletv)
quark model relation: I'(B* -pletv)= I'(B* -»wet*v)

» fit AE=Ej 4+E7 +Ppiss—Epeam @Nd Mpq=m(nn(n)) (only AE for n modes)
9 parameters: Br(B - p/olv), Br(B -» =wlv),
b -ulv feeddown (norm. in two E; regions)
inclusive (parton level calc. with param. from B - X.y) + expected reson.

b -clv (norm. in each channel)

> extrapolate to entire E; using 5 different form factors (LQCD, sum
rules, quark models, HQET (relates B and D semil. modes))

Br(B - pe*v)=(3.29+0.42+0.47+0.55)10*
stat. syst. th. )

Targest single contrib. < -
-feed-down modeling; full spread of central

-detector simul. (vrecon.) values for diff. form f.

B. Golob, uUniversity of Ljubljana Physics in Collision 2003, Zeuthen



V,, from inclusive decays | backup sTide

(plot M.Luke,CKM workshop, Kin. Timit

. . . Durham’03) b - clv
Semileptonic width b - ulv , ;
sensitive to Vv, in analog way ~80% of b »wlv |
as b » clv sensitive to V; 08 ﬁ@%ﬁﬂa ﬂ —— i
cuts«larger th. uncertainty 6 mecodeals ! parton
|t . G
04 ependent  ° (" U
(GeV?)

Variables separating

b - ulv from b - clv:

> Jepton energy Eq;

» hadronic inv. mass M;
» leptonic 1inv. mass q?;

1 2 3 B 5 6

| mg (GeV?) sz [GeVZ]

including Fermi motion
_ q° (“shape function” - model)
Number of measurements using ~

different individual variable 1
or combination of those. E;

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen
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V,, from lepton energy

from Br to Vv, :

CKM workshop,
0.002

(N.Uraltsev et al.,
|V, |=0.00445 (1£0.052|  , +0.020] ) \/ Br(B— X,lv) \/ 1.55ps
" Tp CERN’02)

V| = (4.11 £ 0.34 £ 0.44 £ 0.23 * 0.24)x103 (leo (rescaled)
V| = (4.43 £ 0.29 £ 0.50 £ 0.25 * 0.35)x10-3 BaBar
V| = (4.26 £ 0.28 £ 0.48 = 0.24 * 0.34)x10-3 Belle
—exXp. ’ th. Sy —— is shape function
"/f —~ really same

stat.+syst. gshape function above formula

|

>to extrapolate partial Br in Timited momentum range to full range -
need b - ulvmodel: parton level convoluted with shape function
Fermi motion);

IN
(W

F(k,)=N(1-x)"e""" X =

> ||

(F.De Fazio,M.Neubert,
JHEP06,017(99))



(ifeovans, gelle hadronic mass and g2 |backup slide
Moriond’03)

_ minimization by exchanging particles

>lepton selection (50 times):

»v reconstruction different initial (random) w

>pseudo reconstruction of B (10 times):

] 2 . o
~reconstruction of My and q finally require w small enough;
L(random) reconstruct My and q°;
= signal region: g?>7 GeVv?, M,<1l.5 GeV;
L(random) + L(correct)
-> DH*
0.007¢ B _ D. v §amp|e.s | B->J/¥ X samples

g | M, distribution I* |- treated as v
80.006 from MC: 0.3] é—d'T'b —
L multidimensional | _ S
Rs- crossidata p.d.f. for correct’®
S hist : MC d b ;' {  crossidata
3,00 ist : and wrong comb. ) isr = HE
g- [ composed of ° '

f % %* 2 .
Eo.ow?; Pe s Eg s Myissy- 0.15
R ; : [
gamné check of annealing ,,

quality -

0.05 -

T

0 b) 10 15

M3 v

0.001 ¢

0 05 !l 15 2

20 25
q? (GelVics )~

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



‘backup s1ide

V., Vyp SUMMary

th.error. (1),

s an e ] e D*1v| in future LQCD?

exp. th.

V- (41 4 = 0 7 F () bix10 inclusive

exp. th. exp. error will be reduced
soon (moments), 1/m.*

\/ut)== (:3 .1122

I+

0.22 £ 0.55)x10-3 exclusive

exp. th. need official averaging
procedure, test models

exp. th

Vb= (4.28 £ 0.17 * 0.62)x10-3 Tlepton endpoint

more precise b - sy
different methods - th. consistency

B. Golob, University of Ljubljana Physics in Collision 2003, zZeuthen



‘backup s1ide

B oscillations summary

summary:

Ba/11e:300fb1 o ~0.04%
Amy= 0.502 (1 £ 0.012) ps | 1imiting factor;

(simultaneous fit);

next test of SM in CKM fits;
Tevatron domain until LHC;
e.g. DO 50 sign. w/ 2fb-1
@Am, ~ 17ps-1;

CDF needs 0(103) B, » D, (nn
for same;

Al 1 s 005 @ 1

150
Beﬂ&X*

A

100 f;

50 |- FesVBgs ~ +15%
E~ £ 6%

(v.Jain,DO,FPCP’03)

—
(3]
N | -

M(K ") GeV/c?
~450 B - DOuX/pb-1- ~40 B, - D.uX/pb-1

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



backup slide

th ) Vts

GO HIRIES R =l R MR R THS

R, can be constrained using Am,

\/0.55\/ 2.34 {o 041}
s\ So(m)| |V, |

R =(1-p)*+77* =0. 85{
N

or using Amg/Am,

R 086\/ \/18-41731[ S } £ = Fg B,
0.5ps 1.18 F, B
e

measurement source of th. uncertainty

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen




S n2(|)2 (o) backup slide
1§ '

(3.46) Qﬁ in B - 71w \
(2.26) direct & in B - Tm{? N

E |
< 0
0.5}

. :99 . -Si LU=,
Interpretation: : | |
4 - 05 1
tree level Py q

i 1+|P/T|e@“@

. . strong phase
A_=0 — A__ocsind difF. poT
M‘ weak phase
. _ 2 . (changes sign)
S __=sin(2¢,) > S__= \/ 1A% sin(2g, -

direct gf

B. Golob, University of Ljubljana Physics in Collision 2003, ZzZeuthen



S n2(|)2 (o) backup slide

b,.¢¢ depends on &, ¢;, ¢, and |P/T|

n= ¢; + &, + &3 — ¢,.¢¢ depends on §, ¢;, ¢, and |P/T]|
penguin amplitudes B » K*n- and B - =n*n~ are equal
» limits on |P/T| (~0.3);

considering all interval of § values one can
obtain interval of ¢, values;

1sospin relations can be used to constrain &
(or better to say ¢, - Orere) ]

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen
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UT constraints

Comparison of v, values ST
. CLEO 2008 (n+p) Incl. (LEP,CLEO,BABARBelle)

theoretical uncertainty: BABAR 2002 (p)
constant C.L. Belle 2003, Prel. (x, UKQCD)

1 |
exclusive/inclusive | ]
consistentcy g j
Vubexc'l _ Vub'lepton — i ]
0.86 + 0.28 + 777 | _
exp. uncorr.th. L i XN

0 0.0014 0.0028 0.0042 0.0056 0.007
\Y

Confidence Level

uh|

(H.Lacker,FPCP’03)

B. Golob, University of Ljubljana Physics in Collision 2003, Zeuthen



Rfit backup slide

(A.Hoecker et al.,Eur.Phys.J3.C21,225(01))
Th. quantities - “reasonable range”,
not statistically distributed,
frequentist approach;

2 th. predictions, depending on
X ="2InL(y0q) / model parameters y,.q
L(ymod) = Lexp (‘xexp _ ’xtheo (ymod )) ) LthainCD)

Yocp € Vmod — knowledge on th. para.
1, Yocn eR) — allowed range of th.param.
Ltheo — uniform Ltheo = uniform pdf
0, Yoop &R

lﬁwﬂKﬁV)=L Ve € R

pd.f(V,, ) =konst.= pd.f.(V,[") oV, [
minimization.:

Zz =-2In L(Y,00) = szin;ymod

CL built from MC simulations;
generation of pseudo exp. with optimal y,,q using Lgp,;

B. Golob, University of Ljubljana Physics in Collision 2003, zeuthen



