Measurement of the CKM Sides
at the B-Factories

.. Wolfgang Menges Y
;‘\‘ On behalf of the BaBar and Belle Collaborations [
— Queen Mary, University of London, UK

- CKM matrix and Unitarity Triangle
» Semileptonic B decays (|V,|, V)
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@y CKM Matrix and Unitarity Triangle

- weak and mass eigenstates of
the quarks are not the same

* changes in base are described

by unitarity transformations

» Cabibbo Kobayashi Maskawa
(CKM) matrix

Vudvuz +VchcZ +thth =0

i

Wolfenstein parametrisation

A 1- 1.2/2

G- g A2

(122 A, @)

A2
Ly

CP violation  + O [A.=sing,]

Lr

See talk by
Y. Iwasaki

- angles a, B, Y can be measured

with CPV of B decays

- sides from:
- semileptonic B decays
(lvcbl and |vub|)
- rare B decays

1—’ (lvfslz |Vfd| and |Vub|

See talk
by Y. Kwon




Unitarity Triangle Fits
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¥ B Factories
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Semileptonic B decays allow measurement of
|V, | and |V, | from tree level processes.

Presence of a single hadronic current allows
control of theoretical uncertainties.

b — clv is background to b — ulv:
2

Lb—-ulv) |V, 1
L(b—ctv) |v,[F 50

B — Xlv decays are
described by 3 variables
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/ E, = lepton energy
B — >V g* = lepton-neutrino mass squared
my = hadron system mass
¢/u quark turns into X y 2 Y
one or more hadrons £ d
_ avoure
P+ = EX = Ipxl

by theory



o Wolfgang Menges, Queen Mary

|IV_,| from b — clv decays



¥ Inclusive Decays: |V,,| from b — clv

. OPCI"GTOI" Product Expansion (OPE) Benson, Bigi, Mannel, Uraltsev, hep-ph/0410080

Gambino, Uraltsev, hep-ph/0401063

dOUble expanslon |n as and mb-l Benson, Bigi, Uraltsev, hep-ph/0410080
GFmg ) )
FCIV = 19271_3 IVCbl (] + Aew |VCbI fOPE(mb’mL’ai )

* Fit moments of inclusive distributions
- lepton energy, hadron invariant mass <X"S(E )
- Determine OPE parameters and |V, | 4

* Measurements from B Factories, CDF, Delphi
* Recent measurements from Belle:

Hadronic mass, hep-ex/0509013 Electron energy, hep-ex/0508056

_yopdr
:j(x X0y dx

~  Wolfgang Menges, Queen Mary

= = r 2 r D
© - Ly = = . = F ata
= 1000 — + A w600 1 + B © 600 1 Signal
> - 140 fb L S ok 140 fb B QBE% © Secondaries
S C o data S soof + + - S soofs Bl Combinatorial
¢y 800 |— O prompt lept % C + @ & Continuum
S C O fake/2nd lept s e + £ £
2 - B fullrec bkerd = 400 f ++ 2 4o00f
= 0600 r
= B e T+, T B
= - 300 00E
400 — : .
C 200 200 0
200 [~ :
C - 100 f 100
e . + S 1,
0 0 - 0 —
0 5 10 05 075 1 125 15 175 2 225 05 075 1 125 15 175 2 225

Mti (GeV“ ;CJ'} p."B (GeV/c) p.’B (GeV/c)



¥ Results

Global fit in the exp HQE Tg,
kinetic scheme (4196 +0.23 +0.35 +0.59) 103

BR,, = 10.71 £+0.10 +0.08 %
m, = 4590 +0.025 + 0.030 GeV
m. = 1142 +0.037 + 0.045 GeV

M2 = 0.401 £ 0.019 + 0.035 GeV?
l{llc;z, Pp>.PLs>
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Buchmiller, Flacher:
hep-ph/0507253
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8 Based on: Use |anl'|'S from e b—sy 1

pl  Babar: BaBar, Belle, CLEO,  *'[ ™ p_ v ]

> « PRD69, 111103 (2004) . L &

<3 . PRD69, 111104 (2004) CDF & DELPHTI: 08 ™. combined

S - PRD72, 052004 (2005) P o .

= IEShacaie b->clvand b->sy €05 % % i

> : =i, B = ]
- PRL93, 061803 (2004) o ) ‘Q Sl

g * hep-ex/0508005 | - |
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- PRD70, 032002 (2004) | |
- PRL87, 251807 (2001) C b 0 | | |
CDF: PRD71, 051103 (2005) =2 0 ! 4.4 4.5 4.6 4.7
DELPHI: EPJ C45, 35 (2006) S LRl Y



Exclusive |V_,| and Form Factors

Reconstruct B -> D**ev as D** — D%t with D° — K | BABAR hep-ex/0602023

G(w) known phase space factor
dl’ 2 2

— o G(w)F(w)”|Ves| F(w) Form Factor (FF)

dw w = D* boost in B rest frame

+0.030

* F(1)=1 in heavy quark limit; lattice QCD says: F(1) = 0.919 _ .
* Shape of F(w) unknown Hashimoto et al, PRD 66 (2002) 014503

* Parametrized with p? (slope at w = 1) and form factor ratios
R;, R, ~ independent on w
h,; expansion a-la Caprini-Lellouch-Neubert Nucl. Phys. 530,153 (1998)

ar(p—>p'tv)
dg’d cos0,d cos6,dy

N

2f(q2’9£’ev’x’p2’R1’R2) / ?

Vcb

-> measure form factors from
multi-dimensional fit to diff rate

-> measure |V | with
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B — D*lv Form Factors and |V_,|

stat  sys theo
R;=1.396 + 0.060 + 0.035 + 0.027

R, = 0.885 + 0.040 + 0.022 + 0.013 1D projections of fit result hep-ex/0602023
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p?=1145 + 0.059 + 0.030 + 0.035
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- Using latest form factors ‘

8  with previous BaBar analysis: ~ "’T L 4

o PRD71, 051502(2005) S aoo |- SN I B

= %400 - 2 401 i

(@) & 200 L & 200} 80 b %

= V| = (37.6£0.3+¢1.3*12)x 103 [ . .. .. N

= AT [ TR

§ Reducing FF error: 2.8% -> 0.5% 2f T R LT T
Total sys error: 45% ->35% 4 -0.6 -0;320863.2 06 1 0 05 1 115 2 25 3
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Summary of |V | Results

The new BaBar form
factors are not included.
Work is going on.

|V |[x10-3] from B->D*Iv:

+1.1
40.9£1.0,,,13

|V, |[x10-3] from b->clv:
42.0+0.2,,,+0.4,,0+0.6-

exp—

- good agreement!
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New BaBar result
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|IV,,| from b — ulv decays



Inclusive b — ulv : Strategies

Use kinematic cuts to separate b->ulv from b>clv decays:

Experimental resolution not included!

« Not to scale!
b = ¢ b — c
b — c

»
»

[
»

L, g’ m

v

- smaller acceptance -> theory error increase
* OPE breaks down

- shape function to resum non-pert. corrections

AB(B— X (v)
A§°TB
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Vub

* measure partial branching fraction AB \/

» get predicted partial rate AL from theory

—_
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Lepton Endpoint

BABAR PRD73, 012006 (2006)

Select electrons with 2.0(1.9) < £,< 2.6 GeV

- Push below the charm threshold
=> Larger signal acceptance
=> Smaller theoretical error

- Accurate subtraction of
background is crucial!
» of f-resonance data
- events with p, > 2.8 GeV
» fit b->clv composition in
bkg subtraction

BABAR

’ / Data
il

Number of Electrons / (50 MeV/¢)

)

>N

S

=

c

Q

S

c — Measure the partial BF 2 5000

@ 2 Data — bkgd.
|V, | [103]: = e

% ol | I % MC signal
= BaBar: L = 80 fb'!, E, = 2.0-2.6 GeV 5 b — uly
c e i

=% 444 £0.25,,, ‘osaset 0.224,, Eznm

8 Belle: L=27fb!,E=19-266eV 2 o .

—_
AN

+0.26 15 2 2.5 3 35
508 + 0.4751.01. + O425F -0.23theo Electron Momentum (GeV/c)



Hadronic B Tag

* fully reconstruct one B in hadronic decay mode
* study the recoiling B -> known momentum and flavour
* access to all kinematic variables (m,, g2, P,)

-ﬁ 150 ¢ -5 ) — .5 120 <
2 sagh B’I\ > L .5, A 100 P+
=~ Ll ""E

-3 100 | ® B L g0l
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5 E 253MBB | & B
E 50 40 *
c 25 20
8 0 0 | |

s
8 i - | + Tihn-*
(I;\ 0 1 2 3 4 5 _E B E 10 185 =0 0 0.5 1 1.5 2
Q M_ (Gev/c?) q2 (@ev?/e?) P, (GeV/c)
(@) °
g error[%] —I
e |

p— _ +0.23 3 °
ol meet7Gev, apsGeV | IV, = (470 £0.24,, + 028 +0.20g Y034y, X 107 10%
: BELLE 253M BB 1
o] _ +0.14 3 o
[l poowmrmey  mict7cev [ V)= (409 £0.19,, £ 0.20,, 0186 (i) X 107 9%
= +0.14
§ P=Exclpd <0.66 | IVl =(4.19+0.20,, +0.30, +0.24¢ 1540 X 107 11%

210M BB my<1.7GeV, . 0.46 } P
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Status of Inclusive |V,

| V,,| world average winter 2006

CLEO fendpoint)

409 D48 +£0.36 = . :
imsoisson — |V,,| determined to £7.4%
ff;i;tilﬂ —-—i—~ Experimental Error +4.5%
e _._._FH SF parameters (m, . 2) | +4.1%
S ~+~ Theory Error +4.2%

BELLE sim. ann. (m_, 9%

437 £ 046 +£0.29 " i

BABAR (m_, ¢%) Ivubl [X10-3]:

—p— et —1
4735+ 035£0.32 B

Average +/- exp +/- (mb,theory] i BLNP: Shape FunCTion

445+ 020+0.26 .

7Hdof =55 6 (CL= 487) PRD72073006(2005)

OPE-HQET-5CET (ELME)

Phys Rev. D707 3006, 2005 445 + O.Zoex T 018 F T 019 heo

1m, input from b—|} clyand b— sy mmoments
| | |

2 4 6
V1 [x 10°] | Andersen-Gardi: DGE

Numbers rescaled by HFAG. JHEP0601:097(2006)

SF parameters from hep-ex/0507243, 441 + O.ZOeX + O'Zo‘rheo
predicted partial rates from BLNP P
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Reducing Model Dependence

* relate charmless SL rate to b—sy spectrum

2

CB > X, o)=Ll J‘W(Ey)dF(Be X
dE
ts \ Y
Weight function
* reduced dependence from shape function
; MS | theor
= RS heony s || Full hep-ex/0601046
S >§ ] Rate
o =6 following
‘-'{ 4 ] Leibovich, Low, Rothstein
a;,’ L - 80 fb_l 1 hep-ph/0005124,0105066
q:) 2 L R B A L
= b mycut 2 s
=2 X § [GeVie'] Acceptance:
1]
= [ LLR : My < 1.67 GeV: |V, = (4.43 £0.38,,, + 0.25, + 0.29,..) 102 | 72%
O
=3 | OPE: M, <2.50 GeV: |V, |=(3.84 +0.70,,, +0.30

+£0.104,,,) 103 | 98%

stat syst —

—_l
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Exclusive b — ulv

* measure specific final states, e.g., B — mlv
— can achieve good signal-to-background ratio
— branching fractions are O(10-4) > statistics limited

- need form factors to extract | V,,|

One FF for B — milv
(massless lepton)

dT(B - lv)  G?

ol 2
V| palfi(a)

2 N 3
dq /% <‘,: Need to measure q2

— theo. uncertainties complementary to inclusive approachl!

- £.(g?) calculations exist based on:

— Lattice QCD (¢ > 15 GeV?) > 11% uncertainty
hep-lat/0409116, PRD73, 074502(2006)

— Light Cone Sum Rules (¢ < 14 GeV?) > 10% uncertainty
PRD71, 014015(2005), PRD71, 014029(2005)

— Quark models (ISGW?2) ... and other approaches
PRD52, 2783(1995)
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g? Distributions and FF Calculations

* select B -> wlv and plv without reconstructing other B
- well-identified high energetic lepton, ©tt, t0(yy), po(mwtn-), pE(mino)
- missing momentum and energy in event - reconstruct neutrino

J{a} L.J{m u{c] T | L{d]l T | T 1,1{9} T T T L # Data
{%‘5?0 0<q’<5GeV’  T5<q’<10GeV’ T10<q <15GeV’ 1 15<q"<20GeV’ (| 720<q’<25Gev’ 4 | [ gignaimc
Em | T I 1 £} comb. sig
% N Crossteed
; Baot [1 ba>clv
= -\ B«
o IRE 76 b1
g m,. (GeV)
o hep-ex/0508018
o - B x|\,
S > _ rv  D*lvtag . recent LQCD and
s B % | 293 LCSR calculations
= g . S — agree well with data
O
= ° |
g & ——LosRiT | FEE [ ﬁur - ISGW ITI shows
= o1 - - aoon [~ - O — Ball'01 marginal agreement
§ - K At e Dats “I' O — ISGW2
ol 1 ] | 4 —-ukach * plv also measured,

—_
O

[ 5 10 15 20

& (GaV) o exp. error still large




Status of Exclusive |V |

SABARSLug B' o v | Use BF and FF predictions
33140682042 —— to calculate | V |
BABAR Brecotag: B* —» % ¥ vx 2t /7, | ubl-
160+ 0414021 !
BELLE SLtag: B* > a®I* vx 21 /1, | taaged
1374024+ 017 " 99 Ball-Zwicky q2 < 16 LCSR
: 3362 0.15+ 0.55-0.37
BABARSLtag B  =ml*v | )
.02 £025+0.13 3 HPQCD g2 > 16
E" BELLESLtag:B® 'y i SL+ LQCD
(1] 146020+ 0.16 n ag 4201 0.29 + 0.63-0.43
= BABAR Breco tag: BY s I* v , ‘
141027+ 017 ey FNAL g2 > 16
d:) CLEOuntagged: B —wlty . - LQCD
O 1.3240.1820.13 " 375+ 0.26 + 0.65- 043
=W | BABARuntagged: B —71*v | }un'ragged
(@] 1.38+0.10+0.18 i B APE q2> 16
-~ Average: B sty ! -
8 134+ 0,08+ 0.08 M 378+ 026+ 1.45-0.67
g 2ot = 8.4/ 7 (CL = 30.1) m quenched LQCD
] | | ] e
b ) 0 2 IncBlLII\]\liubl ————
> BEB® = 1 I'v) [x 10%] ( | ) | m
m | | | ]
O 2 4 3
= IV | [x 10
§ Good agreementt! w 107
FF calculations dominate
(0]

error on [V,|!




Summary
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The Unitarity Triangle

* |V, | determined with high precision (2%) > Now |V,| is important!

* Precise determination of |V | complements sin2f to test the
validity of the Standard Model

* Close collaboration between theory and experiment is important
Inclusive | V]|

- 7.4% accuracy achieved so far > 5% possible?

- much experimental and theoretical progress in the last 2 years
Exclusive | V| :

- Significant exp. progress in the last year
- FF calculations need to improve

* Important to cross-check inclusive vs. exclusive results
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¥ The Unitarity Triangle

* |V,,| determined with high precision (2%) > Now |V | is important!

* Precise determination of |V | complements sin2f to test the
validity of the Standard Model
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The Unitarity Triangle

* |V, | determined with high precision (2%) > Now |V,| is important!

* Precise determination of |V | complements sin2f to test the
validity of the Standard Model

T T | T T T I T T T . T I L] | I Ll 1 |

-y am &am,  TI7H

EPS 2005

\ .

2
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Backup
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b—sy helps too...

PRL87:251807(2001) PRL93:061803(2004) hep-ex/0507001
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