Experimental review of
CKM sides at B factories

A. Oyanguren (IFIC, UV-CSIC)
DlSCRETE 2008 (BaBar Collaboration)




V = . * x
CKM Ved Ves Veb Vud " +VedVech +  Vtb =0
Vid  Vis Vib

e From B, and B, mixing
[@ hadron colliders (Amd/ Ams)]

A

|Vub|: B—>Tlv, B—>plv w
B—n/v, B>w/v...
: 0 : : £ M decays (b—dy/b—sy)
and B—X, /v (|Vub|) decays




- PEP Il Delivered Luminosity: 553.48/fb

BaBar
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BaBar Recorded Luminosity: 531.42/fb
BaBar Recorded Y(4s): 432.89/1b
BaBar Recorded Y(3s): 30.2%/fb
BaBar Recorded Y(2s): 14.45Th

Off Peak Luminosity: 53.85/1b
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Vbl from exclusive sl decays
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Measuring the decay rate and ff shape — |V, | * M.Okamoto et al NPPS 140, 461(2005))
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Vbl from B—> DYV

“BiBar

- preliminary

[=1]
o

Events/(0.04 GeV?/c?)
[==]
o

LI I B B

B — DIv
I B — D*Ilv
C_1B — D*Iv

I continuum + BB ]

[ fake lepton
w > 1.54
Am?_. =0.04 GeV?

miss

T
1 1.5

2
Missing Mass Squared [GeV?/c*]

miss — \PY(4s) ~ MPBtag"PD" M/ @
e Fit the signal yield into 10 w bins (ML fit) L
D 1
§600 ' BJ‘IBARI T
- preliminary
2
& 400 P

200

o 2 fit

 B4B4R

preliminary

p?=1.20+0.09 +0.04

to extract py2 and G(1)|V,,|
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and the D*/ candidate
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e Fit the signal yield
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F1) |v,l =(34.4+ 0.2+ 1.0) 103

p?=1.293% 0.045 + 0.029

B (B°—>D**/v) = (4.42+0.03+ 0.25)%
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R,=1.495% 0.050 £+ 0.062

R,=0.844+ 0.034 £ 0.019



1Global fit'to B>D(v and B—>D (v

‘B(B-—D*%/-v)= (5.371+0.02+ 0.21)%
Pp+2 = 1.21+ 0.02 £ 0.07

e Use p’, pp and cosB; ,, to separate F1) |Veb| = (35.7£ 0.2 + 1.2) 10°
B—D/v and B—D*/v decays

B (B—D°/-v)= (2.36+0.03+ 0.12)%
e 3D 2 fit to the yields to extract the Pp? = 1.22+ 0.04 £ 0.07

form factor slopes, pp and py« and B—D/v G1) |Veb| = (43.8£ 0.8 +2.3) 10°3
and B—D*/v BRs (R, and R, fixed).
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ALEPH
38.08 +11.80 +6.09

CLEO
4453 +500 + 342

BELLE
4070 +4.40 +5.14

BABAR Global Fit
4380+ 080 +2.10

BABAR tagged
42,30+ 1.90 + .00

Average
42,40 £070 + 1.40
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Exp: - waiting Belle update
- systematics — tracking eff,
radiative corrections, D**
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e B(B°—>X./v) > B(B>—D/lV) + B(B>—>D*/v) + B(BO—>D**/v)
[10.1+0.4]1% > [2.17+0.12]% + [5.16+0.11]% + [1-2]%
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eTheory predicts B(D,*,D,*) >> B(D*,,D,’), Experiments see B (D,*,D,*) <~ B(D,*,D,’)




Vbl from inclusive sl decays

1P £ IR % X | T+ g
o Veb m  mg

f(parameters related with b quark properties inside the hadron)
— kinetic energy, spin...

Some inclusive observables = O — depend on the same parameters

(For instance: B—)chv : the lepton energy, the mass distribution,
B—X.Y :the photon spectrum)

Measurement of moments: M. — f O*(dT'q/d0O)dO
" [(dTa/dO)dO

— My, M, He, 25 B, 5 s




e Event by event calibration

e < M,"> measured as function of p*, cut
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°< EY“> measured as function of

Y

S Ey moments

E,cut (from 1.7 to 2.1 GeV)
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Belle E,, 605/fb [arX 04.1580] preliminary
BaBar E;, M2,, 210/fb [arXiv:0707.2670] prelimin
Belle E,, 140/fb [PRD 75, 032001 (2007)]
Belle M2, 140/fb [PRD 75, 032005 (2007)]
DELPHI E,, M2, 3.4M Z [EPJ C45, 35 (2006)]
BaBar, E,, 82/fb [PRL 97, 171803 (2006)]
BaBar, E,, 82/fb [PRD 72, 052004 (2005)]
CDF, MZ,, 180/pb [PRD 71, 051103 (2005)]
Belle, E,, 140/fb [PRL 93, 061803 (2004)]
CLEO, M2y, 9/fb [PRD 70, 032002 (2004)]
BaBar, E,, 47/fb [P 111104 (2004)]

BaBar, M2,, 89M BB [PRD 69, 111103 (2004)]
CLEO, E, 9/fb [PRL 87, 251807 (2001)]




Vbl fromiinclusive sl decays
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dq? 24 i3

u

e v reconstruction from full event

(pv = Ppeams ~ z“IDI)

o Fit AE = E; —\/;/2 and Mg =\/s/4-|p_"‘B>|2
to extract the signal yield

® g’= (pg - P, )2 in 12 bins — Form factor fit

B (B~ £v)= (1.46+0.07+ 0.08)x10

e Tagged (hadron or semileptonic)

0: 0. 0.5 ! . 0.5 1
AE (GeV) AE (GeV)

; (BR ~ 0.01% +
/(TC, n.m.,p, (D) large b— c bkg)
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2 T00E [ B v signal
g coof- Il b—ulv bkg

S m;_l:l other BB bkg 3
o " F Il continuum bkg ;

@ 400F * data 7

{

50

5.23 525 5.27 5.29 £19 5.21 5.23 5.25 5.27 5.29
mes (GeV) me (GeV)

206fb?




e One B decaying into B —D*/v (B,,.)
e Other lepton (-q,) from the other B

e Define the systems Y=D*)/ and X=m/

e Fit to cos?d, in 3 g2 bins
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s e
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0805.2408 [hep-ex]  cos9,

B (B°—7¢v)= (1.54+0.17+ 0.09)x10*

cos’t|)B

e Select the lepton from the other B
e select the i ( rec. p or  into pions)
e Reconstruct the missing mass:
rnzmiss = (pY(4s)_ thag'pn'pl)z D>
e Extract yields in 3 g2 bins @

+ '350 0 e
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40/
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Missing mass squared (GeV?)}

Missing mass squared (GeV?)

B (B'—>1£v)= (1.12+0.18+ 0.05)x10

B (B*—m/v)= (0.6610.12+ 0.03)x10*



Vubl from: exclusive sl decays

BABAR SLtag: B " — n” 1" v x 21,/1,
1.81 £0.28 £ 0.13

BABAR B, tag: B~ — 1" 1" v x 21./1,
1.54 041 021

BELLESLtag: B " — =’ 1" v x 21./1,
145026 +0.15

BELLEB,  tag: B " — n" 1" v x 271,
1.24 £0.23 £ 0.06
BABARSLtag: B" 5 w1 v
1.38 £0.21 £0.07
BELLESLtag:B " > 1'v
138 +0.19 +0.14

BABARB,  tag:B "= w 'V
1.07 027 £0.15

CLEO untagged: B — 1’ v
137 2015 £ 0.11

BABAR untagged: B — m1" v
1.46 + 0.07 + 0.08
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1.12 £ 0.18 £ 0.05
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bl from exclusive sl'decays
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o~ » Theory needs low momentum cuts to extract|V,, |

08 All ’
—~ f N (OPE breaks down in the Shape Function (SF) region:
3 o0sf / \ | lowm,?and g?)
< /  ~\ _ve | P OPEparameteres (m,, u?, ) from moments in
i% “roor 7 \/ oy B—X_/v and B—X_y
0.2

» Experiments need high momentum
cuts to suppress b — ¢ bkg
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Electron Momentum (GeV/c)

»
»

s

Experimental technique: Measure partial BR
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q* (GeV?)
=

e Tagged (sl or hadronic) or untagged
e Use kinematic variables to suppress as much as
possible b — ¢ (keeping reliable theoretical calculations):
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Vubl fromiinclusive sl decays

2
v
T(B— X, lv)= LIW(E},)dr(B 2 X0 g,
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Vub! fromiinclusive sl decays

PRD64:113004 (2001)
»GGOU: kinetic scheme
JHEP 10(2007) 058

»LNP (LLR): b—>sy directly related to b—> ulv
JHEP 0510:084 ( PLB 486:86 )

No SF introduced (model non-perturbative
QCD)

e |
»DGE: Dressed Gluon Exponentiation
JHEP 0601:097 (2006)

» ADFR: Analytic coupling
PRD74:03400(4,5,6) (2006)

More data, more SP +
improvements from theory needed

HFAG Ave. (BLNP)
432 £0.16 + 032 - 0.27
HFAG Ave. (DGE)
426 £0.14+0.19- 0.13
HFAG Ave. (GGOU)
3.96 £0.15 + 0.20 - 0.23
HFAG Ave. (ADFR)
376 £0.13 £0.22
HFAG Ave. (BLL)
487 £0.24 £0.38

BABAR (LLR)
4.92 £0.32 £0.36

BABAR endpoint (LLR

428 £0.29 £ 048

BABAR endpoint (L
4.40 £0.30 £0.47

V,, excl

‘ ICHEPO8 \

5

V.| [x107]




\Vtd/Vits| from radiative decays

D
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: = 820/
— BB—Ky |V £
U - 57;43""""
|nC|USi (Sum of Form factors e oe0a a7 E I
all channels) _ arfiy:Eens. o
BB->Xq1)  Va x theory e Select high energy photons 871
g |
BB->XD I, B e veto to photons from ©t® and 1 ol
10000 AT i 60
8 oo B Xy e remove bkg from continuum :
= i oYij AE = E, — 2 &
S 500 Yield from 5 \/;/ 5,
2 i —> 0
§ 400: and Meg :\/5/4_|p*B|2 Wl e
kT 20§ : ‘TN 5.2 M, {sézesv ) 5.3
205247596 5.28 _
Tigs (GEV/CZ? (error from fgVBg, / fqVBgg ) mﬂ@b@mmm“ --
;)ﬁ 2405: : : 1 1 = | , BaBarexclusive o0
o - d E ’ J : T [Vidiis| = 0,233 20,026 £0.022 E
g 160: t 3 i : = : { Belle exclusive qutivacemy oL
= 3 + + 3 fidfis] = 0,195 0,020 L0015 =3
*E 80;: - & J BaBarinclusive L2
o » Pérciiéts] = (.17 <043 20001 o]
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22 524 526 528 - Z
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The CKM matrix:

N—

DISCRETE 2008

B Decays (0*—0")

A

|

oVud/Vud || dVus/Vus oVub/Vub
~0.03% ~0.4% ~ 8%

oVed/Vced oVces/Vcs oVcb/Vcb
~ 5% ~11% ~ 2%

o(Vtd/Vts)/(Vtd/Vts) oVtb/Vtb
~ 3% ~15%

A. Oyanguren

Need theory improvements
(excl . vs incl. ??)

23



ALEFH (excl)
5442025 £0.20

OPAL (excl)
5171020 £ 038

CLEO
6.0210.19+£020

OPAL (partial reco)
5631027043

Exclusive Branching Fraction: BY > D*Inu

ALEPH (excl) 544 +/- 0.25 +/- 0.20 Phys Lett B395:373-387.1997 [Spires]

\OPAL (excl)

|5. 17+/- 020 +/- 0.38 |Excluswe reco, Phys Lett B482:15-30.2000 [hep-ex/0003013]

(CLEO

6.02 +/- 0.19 +/- 0.20 Phys Rev Lett 89081803 2002

|OPAL (partial reco) |5_63 +-027+/-043 |Pm1:ia] reco, Phys Lett B482:15-30,.2000 [hep-ex/0003013]

DELPHI (partial reco) - -
5.00+0.15+0.18 o DELPHI (partial reco) 5.00 +/- 0.15 +/- 0.18 Partial reco, Phys Lett B510:55-74,2001 [hep-ex/0104026]
BELLE (excl) BELLE (excl) 4.75 +/- 0.25 +/- 0.19 [Phys Lett B526:247-257.2002 [hep-ex/0111060]
4751025 £0.19 ——
DELPHI (excl) DELPHI (excl) 5.53 +/- 0.19 +/- 0.34 Eur Phys.J.C33:213,2004 [hep-cx/0401023]
553019 £034 — BABAR (exc)) 4.53 +/- 0.04 +/- 0.13 [Phys Rev.D77:032002,2008 [arXiv:0705 4008 [hep-ex]]
BABAR (excl) o BABAR (tagged)  [5.40 +/- 0.16 +/- 0.25 arXiv:0712.3503 [arXiv:0712 3503 [hep-ex]]
BABAR (tsgged) Average 5.05+-0.10 chi2/dof = 35.8/9 (CL = 0.00005) cps pdf sif
5A40%0.16 £0.25 g
Average
5.05 £ 0.10 Ba
HFAG
ALEPH
Aol 33589 | | . i | | | 2254018 £0.36 &
2 4 0 g 6+ CLEO
B(B - D 1 V) [%] 2104013 +0.15 -
BELLE
20910.12+£0.39 el
- L] » ﬂ
Exclusive Branching Fraction: B” -= Dlnu BABAR
2204011 £0.12 e
Experiment BF (rescaled) (%]~ Parameters  Remarks .
ALEPH 225 +/-018+- 036/mput  parameters Phys Lett B395:373-387.1997 [Spires] 2164012 ——
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Global Fit in the Kinetic Scheme to the
Momentsin B > X clnu and B > ngamma

Fit Results in the Kinetic Scheme
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