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V _,&FF : O)heoretical tools =8

> HQET expansion of Form Factors:
dr G, Py P

2
_ 2 3,2 3/2 2 2 W=
W(D ) - 481T3h (MB+MD) MD(W _1) | Vep | G <W> MBMD
) G’ N
%(n) - (M=, ) M2 (= 1) (w+1V | v, [ B ()3, o |H,(w)f

* Use Caprini et al. param. (Nucl.Phys.B 530 (1998), 153)

Gw) = G [1 - 8% + (517 — 10)5% - (2629 ~84)3Y]  p=le i
hA(W) — e e

(5(1)=1.074 £0.018 £0.016

UL CD . F F 1 (M.Okamoto et al NPPS 140, 461 (2005))
QLD F.F.atw h,(1)=0.924 +0.012 £0.019

(J.Laiho et al arXiv:0710.1111 [hep-lat]

)
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V &FF : eoretical tools

» HQET expansion of Form Factors:
2 P .

. M3(w2—1)3qv G’ e —
dw _' 3 B D D cb M_M,
o B

(0 = o (o= 1)+ 10 Ve [ )DL, )|

> Use Caprini et al. param. (Nucl. Phys B 530 (1998), 153)

o - o0l Qoo T

hA(W)

(5(1)=1.074 £0.018 £0.016

(M.Okamoto et al NPPS 140, 461 (2005))

h (1)=0.921 £0.013 £0.020

(J.Laiho et al arXiv:0808.251 [hep-lat]

* ULQCD: F.F. at w~1

> Experiments : |V |*F.F. (w=1)

A P2, p,° ( slopes of ff )
INFN R ,R, : form factor ratios (D¥*) [&
C Franco Si nonett——rwr = omversrto—or—Touovat




(_aveat

» Sometimes in this talk the D* FF is denoted as Fw), to
be consistent with experimental papers and HFAG.

» Itis however exactly A W

» Ambiguities with p should be cleared by the context
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(_aveat

» Sometimes in this talk the D* FF is denoted as Fw), to
be consistent with experimental papers and HFAG.

» Itis however exactly A W

» Ambiguities with p should be cleared by the context

Sides-view retaliation to (o.B,y)-(9,.9,.9,) ambiguity

)
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V., & FF.the ( Measurements

. A(l) V| & p? . with untagged B*=D™ | v (BABAR)
. hA(l) |Vcbl,p2A,l21 s R, with untagged B?=D™ | v (Belle)

o 5() IV,,| & p?, with tagged B-D | v (BABAR)
NEW method
° A(l) |Vcb|,p2A,G(1) V| & p?_ with untagged B-D | vX (BABAR)
NEW method

=,
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* Decay chain:

B —»D'e v, D -D (K n"m

o 3-d (M,-M,, cos®

k\\ h (1) Ve P
background

Results:

By

w ) binned max- L fit

PRL100, 231803 (2008) 6000/
F(1)-|Vy| =(35.9+0.6+1.4)-1073 | .

p%, = 1.16 +0.06 £ 0.08 ,
B(B~ — D*®e 7v,) = (5.56 - 0.08 - 0.41)% .

Well consistent with D™/v BABAR result
(PRD77, 032002,2008)

O

200 fb!
23500
Signal
Events

2000

-4

Signal

D** (Am-peaking)
D** (Am-flat)
Correlated
Uncorrelated

F1)|Ve| = (34.7+£0.44+1.0) x 1073
d p® = 1.157 +0.094 & 0.027
INFN
L,x’ Franco Sinonetto | NFN & Uni versita' di

Padova

1.3

Signal-like
Dwv
Combinatorial D*

cc events




V., & FF.the ( Measurements

° A(l) IV, l.p% R, & R, with untagged B°»D™ | v (Belle)
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V. & FF :untagged B°-D"ev (Belle

cb

@ Decay chain: 140 fb' 150000 Signal Events

B'-»D"ev,, DD (K m',K3m)m’

» Measure helicity angles (0, ©,, x) To
determine also F.F. ratios

® (Good overall resolution

(0w = 0.025, 8¢os 9, = 0.052, d¢os9, = 0.047, 4§, = 6.47°)
°* Fit dwdid(cos@l)d(cos@v) on the four projections, accounting for bin to bin

correlations

[6os b, [ sum of all channeis] | [cos 6,, [ sum of all channels ] |

F e
&
— Booo
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V, & FF :untagged B-»Dlv (Belle) 11

> Belle Prel. (W.Dungel ICHEPO8)

P 1.293 + 0.045 + 0.029
Ri(1) 1.495 -+ 0.050 -+ 0.062
Ro(1) 0.844 + 0.034 4 0.019
Rkan /Kkn 2.153 + 0.011

B(B° — D*~¢*v,) | (4.42+£0.034+0.25)%
F(1)|Vep| x 10° 344+02+1.0
x?/n.d.f. 138.8/155

P,z 82.0%

» systematic : detector, background (D**)

(% Franco Sinonetto INFN & Universita' di Padova



V, & FF :untagged B-»Dlv (Belle)

> Belle Prel. (W.Dungel ICHEPO8)

BABAR (prD77, 032002,2008)

2

P 1.293 4 0.045 £ 0.029
Ri(1) 1.495 + 0.050 + 0.062
Ro(1) 0.844 + 0.034 + 0.019
Ricar /Kx 2.153 +0.011

B(B° — D*~¢ty,) | (4.42+0.03 +0.25)%
F(1)| V| x 10° 3444+024+1.0
x?/n.d.f. 138.8/155

P. - 82.0%

—  ~3%erroron# (1)|V,]| each (mostly syst.)

1.191 = 0.048 = 0.028
1.429 £+ 0.061 £ 0.044
0.827 £+ 0.038 = 0.022

(4.69 =+ 0.04 + 0.34)%
34.44+03+1.1

Very Good Consistency

Franco Si nonetto

| NFN & Universita' di Padova




& FF ;the (Measurements

o 5() IV,,| & p?, with tagged B-D | v (BABAR)
NEW method
N
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V, & FF :tagged B->Dl'v.(BABAR) 14

°* TAG B ~ 1000 full reco final states

(116+¥1)10° events with p >0.6 (normalization)

. — D° to 9 final states
@ : — .
Recoil B D l Vl D* to 7 final states
SoBEs | I | (TR R
. ‘ E “ =Fﬁ"."ﬂ'ﬁ'&';."3.* 1] E Bl =ﬂ:|tn;||r$|.;:|ﬂmﬂ+ BB
9 EvenT Y|e|d' g“ 124w 130 %-n: W 154
fit MM? in 10 w bins :

2147+69 signal D° events ot v S Ew———————————————|
. Mimging Mesa Squared [Gav™ic) Mimning Mags Squared [Gev i)

1108+45 signal D' events

¥ alp L i i Wl .

5 &%ﬁy = E:' EI:'_*L s Eﬂﬁﬁ? = E "é‘-:',T

E P -m-':llnuum +BR E " -u:'n':lnwvmdlﬂ

g [ | g [0 fake lepton

E 1M cw< 100 E " W [.5d

& g »

=

=

7

5 a 0 I 15 2

/—) Missing Mass Squared [GeV i Missing Mass Sguared [Gey o]

15 L 0s 1 -] i

2

2 _
INEN MM® = (P,—P,—P,) = M, [GeV'/c]

(_/ Franco Sinonetto | NFN o« unn versita ur rauuva i |
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V, & FF :tagged B->Dl'v.(BABAR) 15

TAG B ~ 1000 full reco final state __ —
>0.05[ BABAR .

(116%£1)10° events with p>0 T preliminary

, — DO to 9 £ ©O0.04]
® Recoil: B—»D1v; ... -

0.03}

R . ) l:;"-[:]E;Background Subtracted
Event Y'eld' [Efficiency Corrected

0.01 —
. . . LN Unfolded £ ) ~0.01) -
Fit MMZ2 in 10 w bins phon Untolded for o(w)( )

0731 12 13 14 15 16
|GV, | &p?. from fit to w distribution, reweighting MC template

G(1)|[Vwa| = (43.0£1.9+1.4) x107°
pé = 1.20 £0.09 £ 0.04
B(B® — D¢~ ) (2.17 4 0.06 £ 0.07)%.

m/;? 5.5 % error on 6(1) |V |, mostly statistical
F
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& FF ;the (Measurements

° A(l) |Vcb|,p2A,G(1) V| & p?_ with untagged B-D | vX (BABAR)
NEW method

)
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V, & FF: untagged B-2Dl'v. X (BABAR) 17

o Select D9Kn)!lv,X, D (Knr)lv X events with p >1.2 GeV/c

> Nor_ reconstruction for D*  _ 1.D projections for /, D momentum and cos @,
(tevt.rate; Y osyst) 3 [ nl z [ [T

eV
]
g

3
* Get D/D* rates with a binned

3-d fit to p, , p,, cosO,,

Candidates/1.0

Candidates/100M

D*

p, correlated to w:

sensitivity to p_., p, and V_

* Relate BR(B°) to BR(B*) using
lifetime ratio

Candidates/1.0

L]
[=]
[=]
[=]

Candidates/100MeV

* Fix D** rate (HFAG), assume BR (D) trlv)= (1.1x1.1) %

) arXiv:0809.0828
INFN
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V, & FF: untagged B-2Dl'v. X (BABAR) 18

° TCHEPO8 BABAR Prel. Results (as quoted for B*):

Parameters 'e sample i sample combined result

o 1.26 = 0.05 & 0.07 1.15 = 0.06 £ 0.09 1.22 £+ 0.04 £ 0.07
p%. 1.22 +0.02 £ 0.07 1.23 £0.03 £ 0.07 1.21 £ 0.02 £ 0.07
B(D 7)) (%) 2.41 £0.03 £0.14 2.29 £ 0.04 £0.16 2.36 = 0.03 =0.12
B(D*°65) (%) 5.42 +0.03 £0.22 5.23 £ 0.04 =0.37 5.37 = 0.02 £0.21

x?/n.d.f. (probability) 424/470 (0.94)  496/466 (0.16) 2.1/4 (0.72)

G(1)|Vy| = (43.840.8+2.3) x 1073
F(1)|Ves| = (35.7£0.2+1.2) x 107°
5.5 % error on 6(1) |V_|
3.3 % erroronh, (1) [V_]

* Comparable precision and good consistency with previous meas.

» Fit with R, R, free consistent with published values, but large o(stat.)

INFN
(% Franco Sinonetto INFN & Universita' di Padova




V, & FF: untagged B>DlI'v. X (BABAR) 19

.

TICHEPO8 BABAR Prel. Results (as quoted for B*):

Parameters e sample 1 sample combined result

o 1.26 = 0.05 & 0.07 1.15 = 0.06 £ 0.09 1.22 £+ 0.04 £ 0.07
p%. 1.22 +0.02 £ 0.07 1.23 £0.03 £ 0.07 1.21 £ 0.02 £ 0.07
B(D 7)) (%) 2.41 £0.03 £0.14 2.29 £ 0.04 £0.16 2.36 = 0.03 =0.12
B(D*°65) (%) 5.42 +0.03 £0.22 5.23 £ 0.04 =0.37 5.37 = 0.02 £0.21

x?/n.d.f. (probability) 424/470 (0.94)  496/466 (0.16) 2.1/4 (0.72)

G(1)|Vy| = (43.840.8+2.3) x 1073
F()|Ve| = (35.7£0.24+1.2) x 1073

® Theory validations :

INR

Par exp. th. Ref.

G(1)

h,(1)
p.—p% 0.01%0.04 ~ hep-ph 0111392},

1.23+0.09 1.16+0.04 see above

C
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VC & FF: W.A. @ ICHEPQOS8

50

q{ﬁ
o
—
e
-

L]
>
X

VoY
—

A
O

h,(1)| vy, | = (35.4%0.5)-107°
p: = 1.16%0.05
|Vl =(39.7¢1.4_ $0.9, ) 10 (D)
N v, =(38.120.6_ 0.9, ) 10 (D*)
INFN BELLE D* not included
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Vcb & FF: W.A. @ ICHEPQOS8

B — Dlv _ B — D*lv

("I)g Ig 40_

- — i OPAL

Zu 50 Z" {excl.)

X

5"\ — 38

) = | DELPHI

Q) e 1 (part. reco.)

0 L jiuscz  ZOOM
34- | I"- | (excl.)
| BABAR (excl. HFAG
,
BOI“I e 32- | | . | Ix‘fdorf:39|ﬂ1
0.5 1 1.5 2
p’ p*
_ -3
G(1)| v, | = (42.4+1.5)107 h,(1)| v, | = (35.4%0.5)-10
p> = 1.19+0.05 pp = 1.16+0.05
- -3
|Vl =(39.7¢1.4_ $0.9, ) 10 (D)

v, =(38.120.6_ 0.9, ) 10 (D*)

INFN N :
C T :BELLE D* not included "




V & FF: Conclusions

cb

© Six independent measurements from B-factories, from D and
D* decays provide precise consistent results both as for |V __ |

and for shape parameters

© v, from D almost as precise as from D* . Time to start thinking
of correlated errors between 6(1) and h,(1)

© v, from exclusive decays might tackle inclusive result. Time to
worry ?

|V, =(39.7+1.4_ $0.9, ) 103 (D)
v, =(38.1:0.6_ 0.9, ) 10 (D*)

)
INFN

(% Franco Sinonetto INFN & Universita' di Padova




V & FF: Worries

cb

@ New results from both D™ and D™ will increase the BR deficit

Decay Mode Branching Frm‘_ Decay Mode Branching Fraction

B~ — {7y + anything 10.99 + 0.28 %4 B"Y — (" + anything 10,33 4+ 0.28 %
B~ — D"y 2.27 + 0.11 % BY — DY~ iy 217 £ 0.12 %
B~— — D*i—p, 6.07 £ 0.20 % B? - D*+i-p, 5.16 + 0.11 %
B~ — Dtr (i, 0.42 + 0.05 % BY — D%+, 0.43 + 0.06 %
B~ = D'n (" 0.61 %+ 0.05 % B® — Dxt¢-p, 0.49 + 0.08 %
B~ — D"nni— i, ~ 77 BY - DWnri—p, ~ 77
B~ — DU (m)—p 99+ 03 % BY — D) (x)¢~ 5, 8.7 + 0.2 %
B(D'1v)=(5.4%0.2)% B(D**1v)=(4.4%0.3)%
BABAR prel.(not included) Belle prel.(not included)

)
INFN
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V & FF: Worries
cb -

@ New results from both D™ and D™ will increase the BR deficit

Decay Mode Branching Frnr_ Decay Mode Branching Fraction

B~ — {7y + anything 10.99 £+ 0.28 % B"Y — (" + anything 10,33 £+ 0.28 %

B~ — D" iy 297 + 0.11 % BY — DY~ p, 217 + 0.12 %

B~ — DY, 6.07 + 0.29 % B? - D*+i-p, 5.16 + 0.11 %

B- — Dtn— b, 0.42 + 0.05 % BY DVt 0.43 + 0.06 %

B~ — D*n (" iy 0.61 + 0.05 % B° — DOxt (-, 0.49 + 0.08 %

B~ — D"nni— i, ~ 77 BY - DWnri—p, ~ 77

B~ — DUV (x)¢~ 0.9+ 03 % BY — D) (x)¢~ 5, 8.7 + 0.2 %
B(D"1v)=(5.4%0.2)% B(D""1lv)=(4.4%20.3)%
BABAR prel.(not included) Belle prel.(not included)

@ A problem in “traditional” B-fact. measurements of Br(B° -> D™ Iv) ?

[BABAR PRD77,32002,08 4,710,4\

Belle ICHEP 08 4.4+0.3

PDG 2008 5.2%0.1

Rescaled B+ PDG2008 5.7%0.1

) Rescaled B+ BABAR 5.2+%0.4
INEN \PRLlOO, 231803 (2008) /
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* Tagged meast. of narrow and wide states

(Belle and BABAR)

2 1H0 | 2 |
( | L
= 1t 'H 7 '|i
3 ‘ % 130 | |
L1 | gm I | f
el iy m
| , 100 LW |
(] |y i 1 |
Bl --r I | 1'-:1-| 'I T |".|.‘I : .I: ||-
t L |
ot L L
a | BaBar preliminary 25 BaBar preliminary
0 =
04 08 04 04 0%
(" Lm[{] Gevie! mDamD  Gevid
n agged
o B0 ¢ Y s
388 “ 5
zm Z W |
7 s i A 5
2 150 . |
128 | .|_{ i n _i
100 A 130 y !
¢ b b
Ly l' Wy w0 gt
o P ik
|’| I r# 2 ‘}-‘ Ly II
s¢ | BaBar preliminary O BaBar prskmmmﬁ'
+ | -I
e Lo e
04 i T 04 04 08
miD".‘:Hﬂ[D:I:' Gevie ﬂiID'II.‘:.Lln[D:I:' GeVie”

Franco Sinonetto

Presented at ICHEP:
* Untagged meast. of narrow states (BABAR)

Belle Prel.

BaBar ;reliminary

=1 .. .Tagged
Bl D

£ D"oh
[ | background

B —-D" "tV

-
o

Events/(20 MeV/c?)

cuzdBNEY
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Prel. results:

> Agreement on Narrow (D,, D*,) rates

® Rates from broad larger than Sum Rules

expectations

> Disagreement on D,’, observed only by BABAR

Decay Mode | Yield | B (B — D" ) x

B (D* — D"r) %(BELLE) | BABAR Yield | BABAR Branching Fraction

B® — Dyt e-iy
B® — D} iy

D invariant mass fit

0.22 +0.04 £ 0.04

| B~ — Dy I.I!EEIEI
B~ — D3¢~ i 0.22 +0.03 +0.04 0.15 + 0.02 + 0.01

020 =007 = 0.0 Tl = 008 L 00,

0.07 003 £ 0.01

B~ — DYy
B~ — DYf" i '
B~ — D}~y | 35 +11

D' invariant mass fit

65 4 18

B° - Ditroy [CIE8

B'— Dt | 0+7
BY — DY i~y 1 +6

0.18 + 0,06 + 0,03 0+7 0.07 4 0.01 + 0.006
< .5 0 oL %6+ 1% 0.31 £ 0.07 + 0.05)
0.54 + 0.10 = 0.00 RS+ 14 0.27 +0.05 + 0.03
< 0.3 @ 00CL 12+ 5 0.03 = 0.01 =+ 0.006

INFN

D.Lopes-Pena,

(% Franco Si nonetto

| NFN & Universita' di Padova
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Prospects

0.9 ) 103 (D)

theo

, 0.9, ) 107 (D*)

Still much room for experimental improvements on FF & Vcb:

@ UnTagged DIlv (BABAR+Belle) Oyt syst. ~2 /o0
» Tagged D*lv(BABAR+Belle) O ot vsyst, ™3 10
@ Tagged DIlv  (Belle) c ~47

stat.+syst.

® Untagged D™ Iv, D™ -> D* n° (cross check of B° BR.)

® Look for DO nr(..)lv

Reasonable to expect o, (V, )/V, ~1-15%

I—iow about theoretical errors ?

INFN
(% Franco Sinonetto INFN & Universita' di Padova
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Prospects

Questions to Theory

» How about the correlation between (1) and hA(l) ?

® (Can the precision improve ?
® Can get calculation of FF away from O recoil ?

¢ large statistical benefit for D (“helicity” suppression)

¢ large systematic benefit for D* ( soft pion systematic error)

INFN
(% Franco Sinonetto INFN & Universita' di Padova




(_onclusions

Form Factor measurements do validate QCD predictions

B->Dlv enters the precision era -> start caring about
correlated theoretical errors between h,(1) and 6(1)

vl =(39.7%1.4__ 0.9, ) 10° (D)
|v,| =(38.7:0.6_ +0.9, ) 10 (D*)

Br(D+D*+D**) < Br (Inclusive) requires further
investigations of SL decays

Maybe also a problem in untagged Br(B° ->D™lv)

Franco Si nonetto | NFN & Universita' di Padova
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(_onclusions

Form Factor measurements do validate QCD predictions

B->Dlv enters the precision era -> start caring about
correlated theoretical errors between h,(1) and 6(1)

vl =(39.7%1.4__ 0.9, ) 10° (D)
|v,| =(38.7:0.6_ +0.9, ) 10 (D*)

Br(D+D*+D**) < Br (Inclusive) requires further
investigations of SL decays

Maybe also a problem in untagged Br(B° ->D™lv)

A lot still o do , unless we are prevented by a

Lurys typuistical Bamsiruphs

Franco Si nonetto | NFN & Universita' di Padova




(% Franco Sinonetto INFN & Universita' di Padova



V &FF : (Experimental tools|

_ ' HEEEE g |- 7T b) |
V-A decay G“OWSfepC(r‘OTIOH of e @ | | S ®
—_ B Bl - % B B § H e
B->DIv from B->D*lv decays g 2 M50 Nmme s B0* il e
based on Kinematics: S EEEEEEEEI mliiiiiiiiEn
*51'5......... CHEFEEEETRERRI] !
© EEEEEEEEE = uulllll‘
p,(D*) > p. (D) 1IIIIIIIII = Jnnp N NN -
BsD*, etc © M Bapar |1 @
p,(D*) < p,(D) g 200000 q|midataprel 1 o
:'.;; MM EEEE - ] I.-......-
g_ls'_ll-- ----- - |maEEEEEEE BN
*n-ﬁ'-lIlIll-ll -:-Ill......-
Eunnncn: = ANRNRNDEEEE
i LILLOsy (1] L
1'5pl* (GeWr:)z ¥ p* (GeWr:)
-
INFN
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* Decay chain:

B —»D'e v, D -D (K n"m

o 3-d (M,-M,, cos®

@ Results:

w ) binned max- L fit

NN

h(1)V,, p

background

PRL100, 231803 (2008) S 6000;
F(1)-|Vy| =(35.9+0.6+1.4)-1073 | .

p%, = 1.16 +0.06 £ 0.08 ,
B(B~ — D*®e 7v,) = (5.56 - 0.08 - 0.41)% .

® Main o(syst) rates : n° reco., BR(D™)

» Main o(syst) slope : R ,R, ( from BABAR)

2000

200 fb'!
23500
Signal
Events

-4 -3 -2

[0 Signal

D** (Am-peaking)
D** (Am-flat)

)
INFN

C

Correlated
Uncorrelated

Franco Si nonetto

| NFN & Uni versita' di

Padova

1.3

Signal-like
Dwv
Combinatorial D*

cc events




ALEPH (excl)
544025 £0.20

OPAL (excl)
5172020 £0.38

CLEO
6022019 £0.20

OPAL (partial reco)
632027 043

DELPHI (partial reco)
500015 +0.18

BELLE (excl)
4752025 £0.19

DELFHI ( excl)
5532019 034

BABAR (excl)
4532004 £0.13

BABAR (tagged)
540016 £0.25

Average
5.05 £ 0.10

HFAG

oldof 3 35.8/9 |

[=

Bélle Untagged

: - BAtBARI B+

BABAR Globsg

(NEW)
11 Fit

(Rescaled)

2

6

BB’ — D" 1'v) [%]

Franco Si nonetto
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