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B—D2Ev and B—>D*2v

® Differential decay rate:

dr i 2 2 0
— (B — D¥fv) x (PhaseSpace) |V.;|? G(w)? w="B*Mp 4
dw 2mpmp

dr 2
——(B — D*¢v) < (PhaseSpace) |V,,|* F(w)? Z |H;(w)|?

dw N |

® All recent measurements have adopted the Form factor ansatz by

Caprini et al.
G(w) = G(1)[1 — 8p*z + (51p* — 10)2* — (252p° — 84)27] == \/u%i:-f%
F(w) = ...

From Experiment From Lattice

Ven| x FF(w=1)
G(1) =1.074 £ 0.024 (error ~2.2%)
FE parameters: Okamoto et al., NPPS 140, 461 (2005)
' F(1) =0.921 + 0.024 (error ~2.6%
pofor D, po+, R1, Rz for D* C.(Be)rnard et al., Phys, Rev.( D79, 014506 ?2)009)
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B_) D*'e V ( Be I I e) arXiv: 0810.1657 [hep-ex]

Belle preliminary, EPS09

® Study charged and neutral B decays:

» B0 — D*¢*v, D*— DO soft
» B* — D*0¢ty, D*0— DOnOgs

® Fit to projections in w and decay angles 6, Ov, y

B® — D*—¢v Bt — D*Op
p? 1.293 £ 0.045 £+ 0.029 1.376 £ 0.074 & 0.056
B(B— D*¢tv;) | (4.42+0.03+0.25)% (4.84 4+ 0.04 + 0.56)%
F(1)|Vep| x 10° 34.44+02+1.0 35.0+04+22
X2 /n.d.f. 138.8/155 187.8/155
error on F(1)|Veb ~3% ~6%
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B—D*¢v (BaBar)

Phys. Rev. D74:092004 (2006)

Full 4-dim fit to w, cosBy, cosBv,y = sensitivity to interference effects
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Simultaneous B—D/D*¢v (BaBar)

® Untagged analysis (“global fit”):
Select D¢v and D*{v
(no Usoft reco.!)

® Binned 3D fit to p¢, po and cosOsy

®*Measure D{v,D*(v rates and
FF parameters ppo, po* (,R1, R2)

®Extract |Veo|G(1), |Veo|F(1)

Phys. Rev. D79, 012002 (2009)

Candidates 1 00MaV
Candidates/1.0

1T 15 2

P, [GeVic]

Candidates/100MaV
Candidates/1.0

]
o

G(1)[Ves|

= (43.1+0.8+2.3) x 1073
F(1)|Va| =

(35.94+0.2+1.2) x 102
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B—D?v (BaBar)

Phys.Rev.Lett. 104, 011802 (2010)

® Hadronic-tag analysis, 3200 Events!

o ' TUUEB-Dv 3 g eeF T T T T T LT
gw;— { | gg:g“h 3 E _ Background |
Su- M+ - &, Subtracted h
° E t t . I f ] ] %305— [] fake lepton _E L [ i
| X rac. sSignal rrom missing mass w”i‘ 12““,(130_{ o ! 3050 signal -
in 10 w bins ER events -
"T‘\H’T -
¢ Efficiency 2
~L corrected Slope Po
S m I R Sk B R F R PR TR
miss
\W
(GeV?)

® Combined results of both BaBar B = D({v analyses:

G(1)[Vepl = (424 £ 0.7 £ 1.6)x107 Error on G(1)|Veb| reduced to 4%
p?=1.18+0.04 £ 0.04 (1-2 years ago: >10%)
Br(B°—Dtv)=(2.16 + 0.08)%
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Consistency of |V | from B—D™*)Ev

B = Di{v 45 B = D*(v
“?E “"2 Ay=1 CLEO
= 30 = |
Z >
p ¢ X 40_
- — ey
gygf%.l‘f'em) . ‘ ;
40 27
35+ 1 d ,a./ ABAR (Global Fit)
ALEPH f"\"{' BABAR (D*0)
i} y BABAR (excl))
3 LK
HFAG N HFAG
301 y2/ndf =1.3/8 30 x*/ndf=26.1/21[rosz0i0]
“fdof=13/8 '
. | | | . | . | | |
1 1.5 0 0.5 1 1.5 2
2 2
P P
B—Dl: |V,|G(l)= (423+0.7+1.3)x10" B—D'lv: WV, | F(1)=(35.33 £ 0.59)x 1‘0"‘
= |V, |=(39.4=1.4(exp) = 0.9(FF))x 10~ = |V, |=(38.4x0.0(exp) = 1.O(FF))x10™
precision: 4.2% precision: 3.0%, agreement not satisfactory
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Problem with BF and FF for B—X_2v Decays

* Additional s.l. decays with D** (narrow: D1, D2*, broad D+’, Do*)

- Narrow states agree for Belle (tagged), BaBar (tagged+untagged), DO
- Broad states not well known: Do* agrees for BaBar+Belle, D1’ not seen by Belle

- Contribution from broad states larger than predicted!

* Sum of D/D*/D**tv does not saturate total B—Xc{v branching fraction

B(B—X_4v) > B(B°—DLv) + B(B°—>D*{v) + B(B>—>D**/v)
[10.1+0.41% > [2.17+0.12]1% + [5.16 +0.111% + [1-2]%

*Explanations for missing BF:: = ~15% m.issing
- non-resonant (D/D* + ntt){v (n22) } But: so far no evidence

- non-resonant (D/D* + n) v for non-resonan_t .Charm
- radial excitations (?) states, but sensitivity

- unmeasured D** decay modes remains limited
(not all D** branching fractions known)?

Jochen Dingfelder, Freiburg 8 “Lattice Meets Experiment” Workshop, Fermilab, April 2010



Conclusions for |Ve|

® F(1) |Vcb| determined by fit over entire w
range, requires parameterization!

® Thus |Ve| depends on F(1) from LQCD, and
also on FF parametrization!

® Predictions for w>1 from LQCD would reduce

uncertainty! O M A N S S
® Desired experimental improvements: ~ E- B

> Analyses on full B-Factory data sets, eg. E- .......... ........... .......... .........
B—D¢ev from Belle (720 fb™) S LI S

» B>D*v measurement with fitin4 ~ E.. SRS NN SSRN RORS SRS S
dimensions, interference terms! 1§ 37 33 30 4D 41 49 43 44
higher sensitivity to R,, R,, and p?

» Hadronic-tag measurements at SuperB Exclusive |Ve| ~ 20 lower
measurements of D** states than inclusive [Veo| !
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|Vuwb| from B—mev

dT G>

B — 7lv) = 391 Pl f (a?) P
( ) >4 PV 1 1.(q7)]

2

3
T

® Tagging events via 2" B decays
Independent samples:

— different systematic
uncertainties

» untagged (with v econstruction)
» semileptonic B tags

» hadronic B tags _

® Form-factor calculations using different Measurement in bins of g
methods (LQCD, LCSR, quark models) = reduce model dependence

New untagged measurement from BaBar (presented at Moriond QCD)
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Background Suppression

* Neural-Net discriminators for each g bin for each of 3 main backgrounds

0 <g?<4 GeV?

0.1 - - Signal
— Background

ot | |
|

.II_ . i
e
02 04 08 08 1

MLP(qg)

BABAR

preliminary

Candidates

02 04 06 08 1

MLP(q9)

Continuum background

- large uncertainty

-off-resonance sample,
very small, used as cross-
check for MC simulation

4 < g?< 8 GeV?

Signal

ol

-t

ny
T

Backgraund

Entries
(=)

=
%2 04 06 08 1
MLP(chv)

BB background

(D*tv, D**)gv, non-semilep. B)

- Relatively easy to separate

- Uncertain BF and FF for
D*{v BF, D**{v,

- Xcfv data control samples

g2> 20 GeV?

Backgrournd

Sigral

B=Xulv background

- excl. BF: > 15% uncertainty
- incl. BF : ~ 10% uncertainty
- shape sensitive to SF param.
- no good data control sample

Jochen Dingfelder, Freiburg
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B—m/pfv Signal Extraction

* Extract signal yield in bins of g2 from fit to 2D AE-mgs distribution
* Simultaneous 4-mode fit (11*,11°,p* ,p%) assuming isospin symmetry

AE =E, —[s/2
8 aooF .
5 | T]TLPO-*TT'K"V
D 3un|_— ’% :
S 200 - *L
100 i_

Signal {
B=Xulv {

Continuum (u,d,s,c){

-0.5 0

WY B-plv
B B X, |vincl
__IB-D*Ilv

— 1 B-DDY (nm) Iv
"1 0OtherBB

B q

me =~ls/ 4= | Py |
- 2 2

ml_il-::q < 8 GeV ‘+

wol. BABAR Hf
| preliminary

5.2

5.25

Mgg (GeV)
Decay Mode #Csa'?]g_al
BO = mme*v | 7555 + 286
B* = 1%¢*v | 4356 + 362
BO = pe*v | 1948 + 116
Bt = p0¢*v | 2731 + 147

Jochen Dingfelder, Freiburg

12

“Lattice Meets Experiment’

" Workshop, Fermilab, April 2010



B—mfv Branching Fraction

Belle: arXiv: 0812.1414 [hep-ex]

BABARSLtag: B " — " v x 21 /1, 3 = Data

! + I
1.80+ 0.28+0.15 | — o 08k T — LCSR (Ballo1)
BABARB,,  tag B > 1’1" v x 2T, 2 e - ISGW2 |
1.54+041£030 . ——— ! el
BELLESL tag: B = — 7° " v x 21,/t, ~ 0.

143£0.26£0.15 . "
BELLEB,, tag: B~ — 7 " v x 21,/1,
1.24 + 0.23 + 0.05

0.4

BABARSLtag:B° 57 I v 021 |

—i—
1.39 £ 0.21 + 0.08 ——
BELLE SLtag:B " 5 n " v :
1.38 +0.19 + 0.15 ' B
BABARB,__ tag B 57 1" v |

1.07 + 0.27 + 0.19 "—*—"' ] i
CLEO untagged: B — n 1" v M. * Hadronic tag events provide very low
1.35+0.15£0.11

BABAR untagged: B — 71" v ' Previous background sample, B charge, flavor,
1.45+£007+£0.11

BELLEB __tag: B’ 57 I' v — BaBar result and momentum!
1.12+ 0.18 £ 0.05 ——

Average: B” 51 v | * Yield of had. tagged events very low:
1.36 + 0.05 £ 0.05 ~100 Bo9=11t(v / ab!

Crbf=s49cL=30%)  BgBar @ HFAG e Need ~10 ab-1 (~1000 BO-’TI'iEV)
| End of 2009

0 5 10 15 20 25
o? (GeV?/c?)

| '2 | Iprellmlnary to measure shape of distribution!
B(B —>n1v)[><10]
BaBar preliminary: HFAG average:

B(B® - 7 ¢Tv) = (1.41+0.05+0.07) x 1074 [B(B" = a7 1'v)=(1.36+0.05+0.05)x10""
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B—mlv Systematic Errors

g’ range (GeV?) 0-4 12-16 >20
Reco./ID efficiencies (tracks, vy, e, u) 5% 5% 4%
VvV reco.
KL production and interactions 2% 6% 5% -
B=Xulv BF and SF param. <1% <1% 6% |
Continuum bkg 5% 2% 6%
Total 8% 8% 11%

What can be improved?

* track & photon reconstruction, KL rates = better v reconstruction
study of charm fragmentation to correct simulation (untagged only)
* More precise measurements of incl. and excl. B=Xutv

* BF and dynamics, FF, of B=Xutv background

Jochen Dingfelder, Freiburg 14 “Lattice Meets Experiment” Workshop, Fermilab, April 2010



|IVuw| from “Classic Method"

2

qma.::c
AB(Gins G2az) G;
Vu — mzﬂ'-' MaxT A 2 2 — F / 3 2 Ed 2
qmt’n
Requwes parametrization of f+(g?) ¢* Range  A( [Vas)
- e (GeV*)  (ps™) (107°)
> ..  BaBar "D B — ity
- reliminary .
S The. Y pacp LCSR [15] 0-16  5.44+1.43[3.63 40,1210
T 8- . olsew2 HPQCD [22] 16 — 26.4 2.02+0.55 [3.21 +0.17703°
g o~ ——BGL(3par)] '
a oF

Exp. error: 3-5%
Theory error dominant: -11%, +17%

- FF Predictions,
- extended to full g2

053015 20 |Vub| results for LCSR, HPQCD consistent

¢ (GeV’) with previous BaBar publication

Phys. Rev. Lett. 98, 091801 (2007)

= expect no significant improvement for |Vup| for this method)
= make use of improved shape measurement in data

Jochen Dingfelder, Freiburg 15 “Lattice Meets Experiment” Workshop, Fermilab, April 2010



Form-Factor Parameterizations

1. Becirevic-Kaidalov (BK) — 12 3 [
2 /+(0) S . BABAR * Data ]
(%) = (1-¢%/m%.)(1 —Z/mEB*) 3 10:_ preliminary --- BK _:
2. Ball-Zwicky (BZ) o <. . BZ 1
o 8r l‘* - BCL (3 par.)
A - — BGL (3 par.) -
m 6 3 —
< - i
) af -
3. Boyd, Grinstein, Lebed (BGL) 2:_ _:
f+(@®) = qz'@(q?qn .(q[}[zqqg N T DT \
=0 0 ] 10 15 20 25
gy VT ¢ (GeV?)
0
\/m2 — g+ 4/m? — ¢?

® Fit to data very similar for all four

4. Bourrely, Caprini, Lellouch (BCL) parametrizations
f+@) = 5 2/ ‘qo 2 @)k — ® Current exp. precision cannot
—q m .
k constrain more than 3 shape

(_1)k_kma.z:_l

k']’?’iﬂ.:ﬂ +l
1@ o) } parameters
Jochen Dingfelder, Freiburg 16 “Lattice Meets Experiment” Workshop, Fermilab, April 2010




Some Comments on "P®f.vs. z"

Fo(@) = = @( : Eﬂk @) [2(d% &) Presentation of data in term of
P, Pdf+(z) is not without problem
- \/m+ p and combined fit of data and
2(¢%, ) I LQCD prediction is problematic:
o If.@.fl:f..fln.lalgl o 1. Translation of binned AB/Aqg? data
— simultaneous 4-parameter 2-fit SpeCtrUm (¢ P(Df"' :
O EEMICREAG s | PP(), O=0(), pr=pr(c?)

- = prefer fit to AB/Ag?

2. Large correlations between LQCD
points result in instability of fit:
For FNAL/MILC:

- neighboring points : p=99%

LFNAL/MILC Phys.Rev.D79, 054507 (2009)

N D N - next neighbor still : p=95%

03 02 -0.1 0 0.1 02

z = reduce # LQCD points in fit

Theorists, please provide values for all relevant parameters (masses,
numerical factors, etc.) used in your calculation in the publication!

Jochen Dingfelder, Freiburg 17 “Lattice Meets Experiment” Workshop, Fermilab, April 2010



|Vub| from "LQCD+BaBar Fit"

To be submitted to PRD

BaBar prelim. 2010 + FNAL (4 points):

ap = (2.22+0.21) x 1072
a/ay = —0.86 £ 0.23

az/ap = —0.97 £ 1.36

[Vaus| = (2.95 £0.31) x 1072

Previous fit by FNAL Lattice Group:

BaBar 2007 data + FNAL (12 points):
Vis| = (3.38+0.36) x 1077

Error composition:

~3% Measured total BF

x108

— 12_""|""|""|" L
P . BABAR * Data
[ T preliminary BGL (3+1 par.)
) ] 2 HPQCD
Y - FNAL/MILC .
h 81 + FNAL/MILC fitted
8 el |
<] 6 i

ar

2 — Joint fit to data

and LQCD
n_.||JI|||.I.||JI.||JI.L||I _
0 5 10 15 20 25
q* (GeV?)

Vb (2.8740.28) x 1072 FNAL/MILC (6 points)
Vus| = (2.954+0.31) x 107 FNAL/MILC (4 points)
Vs| = (2.93£0.31) x 10°° FNAL/MILC (3 points)
V| = (2.92+0.37) x 107* FNAL/MILC (1 point)
V| = (2.9940.35) x 107> HPQCD (1 point)

~5% Shape (from data)
~ 8.5% FF norm. (from LQCD)

Currently most precise exclusive |Vu| determination: ~10%

Jochen Dingfelder, Freiburg

18

“Lattice Meets Experiment” Workshop, Fermilab, April 2010



Inclusive vs. Exclusive |Vl

0.8025 0.003 0.0035 0.004 0.0045 0.005

Vub

Difference between inclusive and exclusive
|Vub| determinations has increased again !

Jochen Dingfelder, Freiburg 19 “Lattice Meets Experiment” Workshop, Fermilab, April 2010



BABAR: B=pfv - A Cross-Check?

BABAR: to be submitted to PRD

Belle: arXiv: 0812.1414 [hep-eX]

Belle hadronic tag (604 fb")

BaBar untagged (350 fb")

600

- preliminary

[~ =t

Candidates
3
[=]

200

™

051
. mgg (GeV)
e
L BABAR e LGSR
_preliminary - ISGW2

—
4]
T

—h
o

AB/A ¢? (GeV?)

¥  Data

'E 0 + i%:ﬂv croasiesd
~ 2,000 p* % BY=p*lv -'Dme-rnacrgrnunm 65 pz
~ 2,700 p° 80 p
Migsing mulslqwa‘d (Ea\fg]
- ¢“Range  A( Vs |
BaBar prelim. (GeV)  (ps~) (10-3)
LCSR [16] 0—16.0

ISGW2 [14] 0 —20.3

13.79  2.754+0.24
14.20 2.8?2{

Need calculations with
reliable theory error!

Jochen Dingfelder, Freiburg
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B=pfv (untagged) Systematics

g’ range 0-8 8-16 |[16-20.3
B=Xulv BF and SF param. 14% 11% 17%
B=ptv FF’'s (A1,A2,V) 14% 8% 6%
KL production and interactions| 11% 6% 9%
Continuum bkg 9% 4% 5%
Total 26% 16% | 21%

Much larger syst. errors than for 1!

What can be improved?

B=Xulv background very similar
to signal = no fit possible

Candidates

1 -08 06 -04 -02 -0 02 04 06 08 1

AE (GeV)

* Extend measurement over larger phase space (lower p¢ cut, currently at 1.8 GeV.
= reduce FF model dependence
* Suppress or improve knowledge of B=Xutv background
- Need high-statistics tagged sample (Super B Factory)
- Constrain combinatorial background from data, e.g. Mnr sidebands

Jochen Dingfelder, Freiburg
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Other Resonances: B=n/n"/wiv

* Current signal yields for untagged and tagged measurements:

Untagged Tagged
Mode N(signal) Experiment N(signal) Experiment
TTE+T70 ~ 12000 | BaBar (~350 fb1) 110 Belle Breco(~600 fb")
p*+p° ~ 5000 BaBar (~350 fb™") 145 Belle Breco (~600 fb)
n ~ 660 BaBar (~420 Tb") 55 BaBar sl. tag (~350 fb)
N ~125 | BaBar (~420 o) i BaBar sl. tag (~350 fb-)
w ~ 500 BaBar (~350 fb") 25 Belle Breco (~600 fb)

Close to “last word” from BaBar
(* expectation, unofficial)

Update of Belle Breco analyses
=N x1.57

Jochen Dingfelder, Freiburg 22 “Lattice Meets Experiment” Workshop, Fermilab, April 2010



Conclusions on |Vul|

X Improveed measurement of B—1rlv form-factor shape from data
combined with LQCD predictions in simultaneous fit to BGL ansatz
reduced theory error, o|Vu| ~ 10%

X Unfortunately LQCD predictions are only available in a region where
data rate is small (Xp«®) and experimental errors are large!

X Further improvement in LQCD predictions:

% Yet more precise f+(g?) calculations, if possible at lower g% and
fewer points

% Predictions for B = p/w/nlv FF to enable extraction of |Vub| from
these processes and insight into cause for difference of inclusive-
exclusive |Vu| measurements???.

Jochen Dingfelder, Freiburg 23 “Lattice Meets Experiment” Workshop, Fermilab, April 2010



Many thanks to the lattice community for
organizing this workshop and for close
collaboration over many years on several topics!

My colleague Jochen Dingfelder and | have
benefitted greatly from working with you!
Thank youl!
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V| Fit: P®f. vs. z

* Translation of “AB/Ag? vs. g°” fit results to “P®f+ vs. z”

BGL 2+1 par BGL 3+1 par
‘_-l- o T T '_ 1 W DAL BLELELELE BLEL L
o 0035¢ BABAR ] o 0035 BABAR
O po3fF preliminary 4 o 0.03F preliminary
0.025F 1 0.025F 4
- ] - =R
0.02- : 0.02f Bk
0.015F + Data E 0.015F * Data
. BGL (241 par.) E — BGL (341 par.)
0010 - ppaco : 0010 © Hpaco
0.005- © FNALMILC E 0.005F © FNALMILC
N . FNﬂL."MlLG uaed in f|t ] " & FN.-"-".L."I"u"IILG used in f|t
[~ | | i Le i s 5 17 ™ | L i & i i
0703 02 01 0 041 02 0703 202 01 0 041 02
Z Z
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Higher-Mass States: D**= D*)¢v

BaBar
hadronic tag

B >D"nly,

- -
- o -
F |

MmO N
N0

o v
[ background

Events/(20 MeV/c?)
3 2 g & ]

cxn s BRER

08 . 1 . 12
M(D"z)-M(D") [GeVic)

Phys.Rev.Lett.101, 261802 (2008)

L e 1/2° 1/2° 3/2° |

GeV/c?
b
|
|

24 —*':ff ]
[ ;‘\,ﬁ“"
1.8
2 narrow states: D1, D>*
2 broad states D+, Do*

* Hadronic-tag measurements of narrow and
broad

resonances from BaBar and Belle

= use mass difference M(D™)J)-M(D™)
* Untagged measurement of narrow
resonances

from BaBar and DO

Jochen Dingfelder, Freiburg
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Higher-Mass States: D**= D™ty

Decay Mode | Yied | B (B — D¢ ) » B (D" — D"'x) %(BELLE) | BABR Yield | BABR Branching Fraction
Dr invariant mass fit
J.24 £ 0.04 + 0.0
0,22 = 0,03 + 0.04

b= Dt

B~ — Dy 0.15 + 0,02 + 0,01
B — DM iy 0,20 = 0.07 £ 0.05 044 £ 0,08 £ 007

0.22+0.04 +£0.04 20413 0.07 £0.03 4+ 001
D* 7 invariant mass fit

B"— DIty | 68413

B~ — DVl i L

B~ = Dlfrw | ¥1£13 042 = 0.07 £ 0.07 165 + 18 0.20 £ 0.03 £ 0.0

B-— Dy | 35 +11 0.18 = 0.06 + 0.03 047 0.07 +0.01 £ 0,006
B — .Url‘:-i;.' 4x8

B"— Dft oy | 2047 0.54 +0.10 + 0.00 R8 + 14 0.27 +0.05 +0.03
B' - Dft-w | 126 < 0.3 @ 00CL 12+5 0,03 +0.01 +0.006

* Narrow D** states agree for Belle, BaBar (tagged+untagged), DO

* Results for broad Do* consistent for BaBar and Belle

e BaBar observes D1’, Belle does not!

* Contribution from broad (1/2°) states larger than predicted by theory!
“3/2 > 1/2 puzzle”
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Narrow D** Resonances

ALEPH
045010007

OPAL
0.59£021x010

CLEO
0350082006

Do
0.22+£002X0.04
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Recent measurements of narrow states in good agreement,
also for tagged and untagged methods!

Partial BF for D** still not known!

Jochen Dingfelder, Freiburg
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Broad D** Resonances
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The situation is less clear for the broad states ... !
Masses, widths, and partial BFs of broad D** not well known!
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