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Updated hadronic-mass moments
and mixed hadronic-mass and
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HQE Fit 5

Exclusive semileptonic decays
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HQE and Semileptonic B Decays

G%mg 2
I‘sl(B — Xcgl/) 192 3 |Vcb| (1 + AEW)ApertAnonpeTt
[B(B — chl/) (0) 9 \
— HQE‘Vcb‘
B in)

depends on m,, m. and HQE parameters

%) = [0 (P > Phmin: My (13, 1 PDy PLS))

Measurement of
hadronic mass, lepton energy moments in b—clv
mixed hadronic moments n% = m3% — 2AEx + A?
Photon energy moments in b—s~y
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®®® Inclusive B—X [lv Hadronic Moments

6000
1. Inclusive reconstruction in W soo0 £ DABAR
. > T E :
tagged events with fully 2 4000 B e/ required
reconstructed B, meson, & 3000 B 4 _ %2
quality checked with mgg 5 s000 - TVES = s/4 —Pp
5 1000 F-
o BP0 0002227 ‘
5.22 5.24 5.26 5.28

mes|GeV /c?]

2. Measure exactly one e/p (QjepX0preco < 0) in
remaining particles with p,” >0.8 GeV/c

All combined to
inclusive X system

4. Kinematic fit (20C):
- Energy- and momentum-conservation
- E_...and p_. consistent with neutrino

miss

hypothesis
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@ Extraction of Hadronic Moments

Requirements on neutrino observables E,. and p .. [EAPAURSIEREUE

Background (about 20%) %§§§ " BABAR
. . . . preliminary
Combinatorial B,,,, — mgqSideband

B, correct, B, not signal |
— MC simulations

entries / 80 MeV/c?

Distortion of hadronic system:
Unmeasured particles

) * -
Linear correction functions measured » 14 ¢ 0. 9<pl <1.0 .
on MC S 12f OL 4<Pz <l. 5
Q [
k k k k S 1ofFm p>19 .
<nX,r0co> — <nX,true> <mX,reco> — <mX,true> = g : :
AN "
applied event-by-event 2 o6f
g 4f
Main systematic uncertainties: 2.
5 10 15

Reconstruction efficiency impact on <m? > [(GeV/c)?]
inclusive full event reconstruction *
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- O @ This measurement (open symbols
O H QE Fit 1 BABAR 2004 not fitted)

: = . measurements highly L6 E
27 input moments o +OF correlated BABAR | 15of BABAR
& 45F — LSE-
8 mass moments > 44
O 3
13 E, moments =k :
6 photon moments % 4-1§-Xz(ndf) — 8(20) {x}‘%
: 4F 5E
further input: 7, 390 05 1 . 1s 2 12057705 1 s 2
8 fit parameters P iy [GEV/C] i [CEV/e]
|Vcb|’ m,, mg, le Benso'n,Bigi,ManneI,UraItsev, NucI.Phys.8665:367;
Gambino and Uraltsev, hep-ph/0401063, hep-ph/0403166
4 HQE parameters
BABAR preliminary . my me B
[GeV/c?]  [GeV/c?] (%]
Belle hep-cx/0611047 (2006) Results  41.88 4.552 1.070 10.597
B\ 0.44 0.038 0.055  0.171
o o Atheo 0.35 0.040 0.065  0.053
O.B/HF.PRD 73, 073008 (200
. Ar, 0.59
Atot 0.81 0.055 0.085  0.179
BABAR (2004) Aot %] 1.9 1.2 7.9 1.7
P ST I I l

|
405 41 415 42 42 5 ;
BA BAR |Vd’| x 10 Verena Klose - TU Dresden [hep-ex] (2007) 5

BABAR, arXiv:0707.2670




Measurement of B—— D¢ v

Theory connects |V, bl with the differential rate

W = VB * VD=

G(w) x Vw? —1 (phase space)

F(w) form factor expressed in terms

of D" helicity amplitudes

parametrized with BABAR, hep-ex/0607067
measured FF ratios R (1),R,(1)

and parameter related to slope

at w=1: :02A1 Caprini, Lellouch, Neubert
NPB530 (1998) 153

Branching fraction from B = / —dw
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BABAR

So Far

Mainly B9 decays
including a slow 7«*
Independent B-

measurement with
a slow 70




Analysis for B——D™e v

Discriminating variables:
Am =m(Knn%)-m(Km)
2ELEY —m% —m?

*
cos 0y =

2poY
Estimate for w
1
:>w — 5 (w(lgmln) T w(ﬂmax))
3" angle between B and D" in CM
N KJ'L’ ) Bi_nngd rr_laxi_mum likelihood fit to 3-dim.
\ K distribution in
~o_ . Am, cosO*,, , and w

49 free parameters:

F()IVy |, p2ar;
shapes and normalizations
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F|t o B_%D*Oe'v % 6000 Hl B;?ig‘.?aﬁ
S 0 lam[Gevicy
Fit Results s T ] |
Obtained x2 (dof) = 4436 (4095) £ 2000f fff""** ==
No accumulation of high y2 in any o -

region 0.135 0.140 0.145 0.150

23500+330 signal events ¢ 6000~ BABAR

preliminary

Main background
B Misreconstructed B+0— D*+0ep _
decays 2000}
B— Dev decays
B Combinatorial D™

Other BG peaking in Am: D™ M, 6000k - BABAR
D*0e from different B mesons |l T, prefiminary

4000[ —
Main systematic uncertainties

70 reconstruction efficiency E

B(D*0— DO%70) 10 11 12 13 14 15

R,(1) and R,(1) for p?,; 226 M BB pairs .

4000/

entries/0.2

entries/0.05




Results for B~——D™%¢v

BABAR, arXiv:0707.2655
[hep-ex] (2007)

(36.3 + 06 =+ 1.4) -10~3 correlation
.15 = 0.06 =+ 0.08 o = 0.52

(571 + 0.08 =+ 041) %

lines of constant B

This analysis men’( "’2 . alern \/, 7
d agrec —% 43 = OPAL (partreco)
goo S° | 4 OPAL (exdl)
HFAG 06 B’ + isospjn. = v DELPHI (part.reco.) Ry
T | © BELLE C
_ 40 o CLEO
BABAR incl. hep-ex/0703027 4 BABAR ’
"+ DELPHI (excl.) ,
=  This Analysis &
CLEO 35 Ny
A . -~ Mainly BY decays
oo b b e by 3 il B R R S T R W R SR SR T
4 5 6 1 8 8.0 0.5 1.0 1.5 2.0
B(B~ — D*°ev)[%] Pa,
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Measurement of B—DU)ry

New physics accessible at tree level ’

BFs calculated precisely o
W-1H 7,
Decay Mode B(%) ,/ |
B — Dtr—w, 0.69+0.04 b - ¢
BY - D**r—v, 1.4140.07 q < q
B — X717 7s b ae 27 Chen, Geng, JHEP 0610, 053 (2006)
Falk et al., PLB 326,145 (1994
Though BFs are large: Challenge — HE

Results for inclusive decays from 3 LEP experiments (PDG):
Bb— X777v,)=(2.48+0.26)%
Preliminary observation of Bo—D*~rv by Belle:

0 — - +0.40 Belle, arXiv:0706.4429
B(B — D~ T+I/7-) - (2.02_0.37 1 037)% [hep-ex] (2007)

Measure four channels relative to decays with e/pu

— B — D*r~ v, B—Drv yields more sensitivity
= B° =D /D*+ 77, to New Physics
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Reconstruction of B—DO)rv

Full event reconstruction allows use of
1% B._... - D® flavor correlation

DY) v 4 ;11/ E_... < 150-300 MeV (sum of additional
photons); no additional charged tracks

Requirements on p_... and ¢?

Sensitivity in m? :[py(43) = Diag ~Pp() -py)?

3 neutrinos result in m2_._~ 2-8 GeV?/c? ]

Main background from
D¥e(p)vy  — peaks near zero in m2_,
D" e(u)r — accumulates in signal region
decays with a lost 7% and v

construction of D™ control samples by
adding a «©

used to constrain D™ background in signal
region
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Measurement of B—DU)ry

Discriminating variables: m2_._ and p,

miss

Perform extended unbinned maximum likelihood fit in

eight reconstruction channels

Four signal channels + four D™ control samples

18 free parameters in the fit

(16 event yields for signal & BG, 2 crossfeed constraints)

f Extract simultaneously yields of
Dtv/D*tv/Dlv/D*fv/D** by
used for normalization for
R_B@Hme)
| B(B — D™ {v)

also combined fit with:
K R(B% = R(Bt) — isospin symmetry

~N

¢ =eor u

/

Main systematic uncertainties:
Parametrization of PDFs and crossfeed constraints
Composition of combinatorial background

12



FII‘St EV|dence fOI’ BQDTV BABAR, arXiv:0707.2758

[hep-ex] (2007)

40 I

- preliminary 200 H preliminary 1

30 1< 20
< | | ©
= 0 a
QL 10
GH 1©
3 0 1S o =
-

~

Z . | Cﬁmb &
&40 = arge xf
.E -4__)
= 3, 232 M BB pairs
N B

0

” s [GeVQ/ c?]
Combined Fit Results
Mode  Ngig Bk 5SS S O gign

Drv 6494+£19.1 090£0.26+0.11+0.06 3.5
D*rv  105.3+£194 1814£0.334+£0.11+0.06 6.2
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@Inclusive semileptonic decays P gggv;;m?-%?@

Measurement of <myk>, k=1...6 and <(n,?)*>, k=1,2,3
HQE Fit (kinetic scheme) to BABAR measurements yield

[Veo| mp Me B
x10%  [GeV/c?] [GeV/c?] (%]
Results 41.88 4.552 1.070  10.597
Aot 0.81 0.055 0.085  0.179

Exclusive semileptonic decays: B-—D™ eV  ponex goon) -

= (363 +£ 06 =+ 14) -107°
1.15 + 006 =+ 0.08
(5.71 + 0.08 + 041) %

Measurement of B (B—Drv) and B (B—»D*rv

. irst Evidence
Mode B[] sign. For B —DT

Drv 0904+£0.26 £0.11 £0.06 3.5 First_ObS.,%‘;_‘l’ja“o“
D*rv  1.81+£0.33+0.11+0.06 6.2 Kol

BABAR, arXiv:0707.2758
BA BAR Verena Klose - TU Dresden [hep-ex] (2007) 14
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PEP-1l and BABAR

e

Integrated Luminosity [fb™]

-gun g —— -9

PEP Il
Low Energy
Ring (LER)

Vs =10.58 GeV = m(7'(49))
SVT  EMC

Dleiz:I 1.5 T Solenoid

DIRC IFR

North Dampnrg Ring

BABAR MG

Positron Return Lina Positron Source Detector

200 MeV L'”a’
In]EC:Of
PEPII
Secuth Damping Ring ’g%’; ?:Efg;

- 3 km -

As of 2007/07/09 00:00

L |

BaBar

PEP Il Delivered Luminosity: 464.51/fb
BaBar Recorded Luminosity: 446.88/fb

:— oﬁ Peak Luminosity: 41 61/fb ............................... /—/
300 i - osity- /

—— Delivered Luminosity
—— Recorded Luminosity

S,
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Large Set of Hadronic Moments

Mass moments <m,*> for k=1,...,6, p, min =0.8....1.9 GeV/c

L mas | = mas | = 324 BB
;wog; §{¥ “~§ 44 iii i;!_ 945_ §§
E206f }ii 8 43f {i 59.55_ §§§
o H 3o §§§ g i
08 T 1214 16 18 68 1 12 14 16 13 . 68 1 12 14 16 138
p;_ [GeVrc] p;_ [GeVi] . [GeVie]
 E 52 130 F
= il}ié BER | = %g}ii BiBix f,:lzo% B*,ﬁ}},;
> of > 46 > 110 §
g {’i.} g 4 'y, S 10 §§§
,7,12? By, (1% by 5,902- te,
3 E 38F E 80F
08 1712 14 16 18 320811214 16 13 08 T 12 14 16 138
p;__ [GeV/c] p;__ [GeVie]  [GeVie]
Mixed moments <(ny?2)<> for k=1,2,3, P min =0.8.. 1.9 GeV/c
155 @ EA: ®) B ©
l l BsBar | © BsBar | S BaBar
preliminary o preliminary o 1 45_ preliminary
i i [ v v 128
[ i { { 5o 10F
“E 8k
[ o by 6 { { }
I l-é E 4— * i $ s i
SE 2, '
E I W G W R ¥ 08 11214 1¢ 18 08 11214 16 18
p - [GeVie] p - [GeVie] p - [GeVie]
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@ Hadronic Moments - Verification

Extraction method uses inclusive b—clv mixture
Verification on MC simulations with exclusive final states

(\'l— B 9 . /
>, O glope =1.011+0.010 G DO
S gf offset=-0019+0015 © 8 P
/\8 “[Jbefore ~ Lo % . D"
£ 4r@after calibration’ o o B
S ab e 7 6 é
N:>< = C D .’ 8 - R
\% of . ,'ﬁ@ 2 g D’ ,’,
i D ‘ 'E D /
C = ,
o .= e 4 &
- = /.
OLT....Il...I....I....I....I....I. \V; 3F,-
o 1 2 3 4 5 6 J "SSP S R
<IN > [GeV7] 4 6 8

<my > [(GeV/c™)]

BA BAR Verena Klose - TU Dresden 18



Systematic Uncertainties Moments

k=1
Plmin (M) Ostat Osys oignal Model  C..;,  BG subtr. |Detector | Stability
0.8 2.0958 40.0083 <0.0121 0.0045 0.0042 0.0044 0.0095 0.0000
0.9 2.0920 40.0075 =£0.0107 0.0039 0.0040 0.0042 0.0082 0.0000
1.0 2.0872 40.0072 =0.0099 0.0038 0.0041 0.0041 0.0070 0.0009
1.1 2.0796 =+0.0072 =£0.0093 0.0036 0.0035 0.0041 0.0066 0.0000
1.2 20717 40.0075 <£0.0104 0.0035 0.0047 0.0043 0.0067 0.0032
1.3 2.0661 +0.0078 <+0.0128 0.0032 0.0054 0.0045 0.0067 0.0077
1.4 2.0583 40.0081 +0.0128 0.0028 0.0059 0.0048 0.0065 0.0075
1.5 2.0518 40.0080 <0.0121 0.0025 0.0063 0.0053 0.0071 0.0045
1.6 2.0433 40.0089 +0.0128 0.0025 0.0077 0.0060 0.0079 0.0000
1.7 2.0378 40.0105 =0.0162 0.0024 0.0075 0.0073 0.0080 0.0091
1.8 2.0379 =+£0.0139 =£0.0168 0.0025 0.0070 0.0089 0.0096 0.0075
1.9 2.0350 4+0.0179 =£0.0225 0.0020 0.0098 0.0121 0.0121 0.0107

main systematic uncertainty:
neutral selection efficiency — impact on full event rec.
b — ulv background at high cuts on p;, ;.

BABAR

Verena Klose - TU Dresden
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Data - HQE Comparison

Hadronic mass moments:

m, %> P* | min =0.9,1.1, 1.3, 1.5 GeV/c
m, b P* | min =0.8,1.0, 1.2, 1.4 GeV/c
Lepton energy moments:
partial BF P*| min = 0.6, 1.2, 1.5 GeV/c
<Ep P*, =0.6,0.8, 1.0, 1.2, 1.5 GeV/c
<E2 p*, o = 0.6, 1.0, 1.5 GeV/c
<E3 p"“ljmin = 0.8, 1.2 GeV/c
Photon energy moments (inclusive and semi-excl.):
<E > E = 1.9, 2.0 GeV
~ g,min
<E 2 E = 1.9 GeV

vy g,min
B-meson lifetime

75 =(1.585 = 0.007) ps

mixed moments

O @ This measurement (open symbols 1.6
[0 BABAR 2004 not fitted) 14F BsBAR
L P preiminary
— l2¢
L1
A
g 08
Vv
o' 0.6
v 04

0”“0.5”“1“; 15 2
Py min [GeV/c]

BA BAR Verena Klose - TU Dresden
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Results from HQE Fit

s~ BaBar | = © -~ BiBar| presented fit
S AN fit without b—s~y
“03 04 05 06 . MU
W2 [GeV7] IV _1x 10
Ve[ x 10° mp [GeV/cT] me [GeV/c?] Bl%)| pz [GeVe] pg | GeVe] pp [GeVY prs [GeVe
Results 41.88 4.552 1.070 10.597 0.471 0.330 0.220 -0.159
Aczp 0.44 0.038 0.055 0.171 0.034 0.042 0.021 0.081
Atheo 0.35 0.040 0.065 0.053 0.062 0.043 0.042 0.050
Arg, 0.59
Aot 0.81 0.055 0.085 0.179 0.070 0.060 0.047 0.095
V] 1.00 -0.42 -0.27 0.75 0.42 -0.28 0.25 0.10
mp 1.00 0.96 0.09 -0.56 -0.07 -0.38 -0.24
me 1.00 0.15 -0.63 -0.32 -0.51 -0.15
B 1.00 0.09 -0.10 0.02 -0.04
[z 1.00 0.40 0.87 0.10
P 1.00 0.41 -0.05
D 1.00 -0.21
pLs 1.00
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Systematic Uncertainties B-——D™ev

preliminary AV )V Ap?/p? AB/B

tracking efficiency (€ir) 1.2 - 2.4
pr dependence of €y 0.3 0.5 0.2
particle ID efficiency 0.9 2.0 1.6
extrapolated w" efficiency (e,0) 1.8 - 3.6
pro dependence of €0 1.0 3.5 0.4
Am shape of D*" background 0.1 0.1 0.2
shape parameters 1.0 2.5 0.6
number of BB events 0.6 - 1.1
off-peak luminosity 0.1 0.4 <0.1
total internal 2.8 4.8 4.8
Ri(1) and Ra2(1) 0.1 1.7 0.3
B(Y(4S) — B*B™) 0.8 - 1.6
B (D0 — Dx0) 2.3 - A7
B(D" — K n) 0.9 . 1.8
B~ life time 0.3 - -

D** decay fractions 0.3 0.7 0.3
number of D*? in ¢Z events 0.2 0.7 <0.1
total external 2.6 4.8 5.3
total 3.9 6.8 7.2

BA BAR, Verena Klose - TU Dresden 22



Comparison Inclusive vs. Exclusive V_,
with F(]) =0.919+0.033 ?»h?ﬁsge?."g’eeé,aéhsos (2002).

Excl. charged B.(this analysis) 3 9 5+ 2]

Excl. HFAG l‘kverage neutral B 3 9 ) 2 +1 . 6

Incl. PRD 73, 073008 (2006) . 47 O_|_O 7
| I J llllllllllllllll l

L
37 38 39 40 41 42 4?%
IVCbIXIO‘
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Detailed Results for B—D)rv

Mode Nsig Nnorm gsig/gnorm (AR/R)ﬁt (AR/R)E
7] (7]
— D17 v, 33.1+19.6 346.7+23.0 1.85 15.2 1.5
el — D*r~7,  95.9419.8 1628.6463.5  0.98 9.4 1.4
channels — DY U, 23.0+7.9 149.9+13.3 1.83 13.4 1.7
— D*tr o, 16.24+7.3 481.8+25.5 0.93 3.4 1.5
——— 2 ) 64.9119.1 49631264 185 12.0 1.3
B — D't 7, 1053+194 2109.4468.0  0.93 5.7 1.2

Mode R B

%] %]
— DY, 29.5+17.4+4.5 0.63+£0.38+0.10+0.06
— D0~ p_ 36.2+ 7.5+3.4 2.35+0.49+0.22+0.18
— Dt v, 48.6+16.7£6.6 1.03+0.354+0.1440.10
— D*tr~ . 2144 9.740.8 1.1540.524+0.04+0.04

combined W2 — D17 v, 40.7£12.0+£4.9 0.90£0.26+0.11£0.06
fit B — D*17 U, 31.0£ 5.7£1.8 1.81£0.33£0.11+£0.06
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Fit Projections Lepton Momentum

cuton m?_...> 1 GeV2/c4,
projections for constrained fit

$ ub BABar | 2 BBx | D* v
o = preliminary 1S preliminary
O 16 O
L2 e * ©
1 8 . b 3
S D | < Dl
g |o;_ % Dll/
6
af- Cﬁmb. &
o charge xf
of | | .
0 02 04 06 08 1 12 14 16 18 2 22 24 00 02 04 06 08 1 12 14 16 18 2 22 24
Lepton momentum [GeV/c] Lepton momentum [GeV/c]
—~ 10 -~  16F
9 - C
>t BABAR S LB BABAR
- o -
O gl preliminary O : preliminary
= [ % © 12F
S oL .D +l S f .D+l |
2 [ 2 N
L -~ L
- 41— e L
@ 4r ]
i fa
2= :
i 33
o

00 02 04 06 08 1 12 14 16 i.S 2 22 24 02 04 06 08 1 12 14 16 18 2 22 24
Lepton momentum [GeV/c] Lepton momentum [GeV/c] 25



Fit Projections Lepton Momentum

Events/ ( 0.12 GeV/c)

Events / ( 0.12 GeV/c)

cuton m?_... < 1 GeV2/c4,
projections for constrained fit
$ i BaBAR }
g 100 D*Ol
?: sof
g af
[£4] L
aof
2f
00_ 02 04 06 08 1 12 14 16 18 2 22 24
Lepton momentum [GeV/c]
S o BaBAR
O
S 50 D*tl
% 40
§ 30
[43]
20
10
0O 02 04 06 08 1 12 14 16 18 2 22 24

Lepton momentum [GeV/c]

180F- BABAR 1 . D*rv
- preliminary " Ll
160 0 +
140
120F- D l - D*lv
100 — Dlv
80
- * %
sof- D**y
aof- Cﬁmb. &
20F charge xf
00- 02 04 06 08 1 12 14 16 18 2 22 24
Lepton momentum [GeV/c]
40f- BABAR
35 ; preliminary
O0 02 04 06 08 1 12 14 16 18 2 22 24
Lepton momentum [GeV/c] 26



New Physics Expectations

T. Miura, M. Tanaka, hep-ph/0109244

BB = D1v) _ 414013 0

1r .
[ 1
{
08 [ tan 3 =50 l\
[ A
~ 2 : i : 10 15 20 25 30 35 40
|73 06} | m
[ RCH [ . ) %4
o3 - ————— == rF-—-—-—-—-—-=-======4 R=——tanf
T [ \ mmpg
x| T 04 Fmre=n | *
\-/' L ‘v
e~ e’ I SM e e =
[ o | i - e - — — —— - —
2t s T
[ M. Tanaka, Z. Phys. C 67, 321 (1995)
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