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Exclusive B —» X lv Decays
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3.5| — LcsR: Ball 2004

f. 1 ™ Goal : Measure Branching Fractions and |Vub|

3 e LQCD: FNAL 2004

0.5 = LQCD: HPQCD 2004
| —  LQCD Combined Fit

" Need FF predictions to describe QCD effects

» New unquenched LQCD calculations
(HPQCD’04, FNAL'04)

» Try to measure q? dependence of FF
with data

1.5|
1

0.5|

1.(0) = 1,(0)
% 5 10 15 20 , 25
q“ (GeV")
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Semileptonic Tag Analyses

" Reconstruct B— D®lv and study semileptonic recoil & k a.r
» use both D and D* tags > sizable BF

D{*
> Tagging efficiency measured with “Double Tags” (two D(*)lv)
= BB | < BBy
S 600 R < R
§ Preliminary -2 Preliminary tag B
g0 51gnal B
400 D®ly
300 decays
200
100
S5 4 3 -2 -1 0 1 2 3 4 5 00123567910
/ cos8, cOS 0y Pa
2EBED{ e B mn{ ' q;E:sm
cos@,, =——E——"— LG P
ZPB pﬂ{.}F Y *
P
Correct sl. decay = |cosOgy| < 1

Poe

cos?¢y < 1 for signal, bkg flat
Jochen Dingfelder - CKM Workshop 2005

( tag side: cosOyy, signal side: cosOy ;)




n’lv with SL Tag : Signal Extraction

» Cut-and-count analysis in cosOp ;; and my,

. . -1
» Signal region: -1.1 < cosOg ; < 1.0 82 1b
» Subtract m sidebands g prTTTTTTTTITTTT T AT T
0 . 4 - e data -
—> remove cominatoric background 2 B e sina v l =
® L [OMmce's ;
» Subtract other background using MC S0F mmce® =
normalized in -10 < cosBy; < -1.5 250 BABAR E
- preliminary .
201 ]
156 45 TCO -
Systematics op/B : ]
Signal EHficiency +6.0%
Tagging Efficiency 1+3.9%
BB Background Subtraction | +7.6%

Total Error +12.99% Cosby o,

BB = 7°0'v)=(1.80+0.37+0.23)x10"*
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n*lv with SL Tag : Signal Extraction

Extract signal yields by binned y? fit to cos?dy in 3 bins of g?:

Fit parameters = signal and background normalizations

1l
L)

o]
Lh

]

events/(unit coszch)
[]

q’ <8 GeV?

BiRAR

Preliminary -:

26 tt

- L BLELELE BLELELE BLELELE R B PN "L B LA AL BLALEL NLELELE B
272

SR s g’ <16Gev: BARAR 1 St 4qP>16Gev: RARAR
G 20 Preliminary o Preliminary
E 2

= r = 4 +
= =

S 21t 1 $ 147
5 12 5 E
10 B

8
5
4
2|
0
0

0 12 ..
costy cos’(y '
AB . DI
oas/ Mainly B°B° bkg
Systematics og/B | < 8Gev? 8 — 16 Gev? > 16 GeV?
9% 7.8%
B(B — ptv) %% | +0.1% +3.7% R4 ~ 30% plv X-feed
B(B — X.tv) | +2.8% | +4.8%  49.9%  +13.0%
Tagging +4.7% | +£4.7% +4.7% +4.7%
BBbackground | 5 | e Nt DiTew
Total Error N | Twomw  Thoow  Taraw
03/16/05
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ntlv with SL Tag : Branching Fractions and g?

B(B* > 7 ¢'v)=(1.03+£0.25+0.13)x10"*

x10™*
> F ! ! ]
5 OF BABAR -
T osE _ Preliminary E
™ F ]
& 04F | e
Tk ] ! I
E Ball’04 I
02 HpQCD'04 )
E  FNAL04 N
- ISGW2 .

0_ | |
q><8 8<q <16 >>16(GeV)

> SL tag analyses statistically limited.

> Yields not yet large enough to discriminate between FF models.
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Untagged B »>nlv and B > plv

= Neutrino Reconstruction: Reconstruct v from full event

(ﬁmissa -Emiss) — (ﬁbemnss Ebeams) - (Z ﬁi , Z Efi.) & SRR gOOd 2500 quallty

» Cut on missing mass: [M?_, . /2E_; | <0.4 GeV

Harsh suppression of b — clvbkg  (kinem. cuts on p*, p*, ; mainly for plv)
ete” > qq bkg (topological cuts)

Max-LH fit of signal and background in AE, mg, and g’

AE=E, 512 my=ys/4=1p, ¢ =(p,+p,)

> Fit all 4 signal modes simultaneously (7, n°% p*, p?)

» Use isospin relations to reduce number of signal parameters :
' B> nltv) = 2T (B* - nl*v)
I'( B> pltv) = 2T (B* — pl*v)
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Untagged mlv: Fitted AE and mg,

T | | 1 il 0T I
@ b © @ €
> r0<q <5GeV? "5<q <10GeV? T10<q <15GeV? T15<q <20GeV? ||| T20<q" <25 GeV*
o | ] i j i
S so | BABAR .
E | Preliminary
5 30
)
c
G
© 10
0 &
5.1
% 60
&
S
8
3]
x
=
c
G
(&

427 wt, 147 10

Data

Signal MC
Comb. Sig.
Crossfeed

b=>clv
aq

76 fb!

5 bins for nlv
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Untagged mlv: Fitted AE and mg,

Candidates / 0.01 GeV

Candidates / 0.1 GeV

&
Q

3

]

(a)
| 0<q’ <10 GeV®

_I(c) pull
| 15 < q° < 25 GaV*®

L

L ]

110<q® <15 GeV®

101 p*, 104 pY

Data
Signal MC
Comb. Sig.

Crossfeed

b=>clv
qq

76 fb!

3 bins for plv
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Fitting the Form-Factor Shape

Fit Becirevic-Kaidalov (BK) Parametrization to data:

fi(g?) =

cg(l—o)

(1_'32!’7“% x) (1_":""321"?“%* )

o = shape parameter, c; = norm. factor

Fit result: o = 0.60 + 0.15

(HPQCD : o =0.42 , FNAL : a = 0.62)

7 Model pModel | B(BY — nw—¢t1) (107%) | B(B" — p~¢£t1) (107%)
BK Fitto Data BALLOS 1.38 4= 0.10 2.14 4= 0.21
ISGW?2 BALLOS 1.41 + 0.14 2.08 + 0.26
BALLO4 BALLOS 1.37 £+ 0.10 2.15 4+ 0.21
HPQCDO4 BALLOS 1.40 + 0.10 2.13 +0.22
FNALO4 BALLOS 1.38 £+ 0.10 2.14 + 0.21
BK Fit to Data ISGW2 1.46 £+ 0.10 1.85 4+ 0.15

Total Spread Ié% J_r%?%

=

=l

Dependence on 7lv FF small.
Biggest effect from plv X-feed

Acceptance effect due to
harsh kinematic cuts

03/16/05
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Measured g? Distributions and Form Factors

0.3 TC].V 0.6 _MR pr
| Preliminary
od I [ —
o L
T 0.2 0.4 T
5 1
E i ISGW Il -
————LCSR 1 ===
T 0F - - -LacpH t- - R ISGW Il
""" LacD 2 B ————=LCSR2
u ] BK Frlt‘tu DaItlﬂl ] D ] | ] Fltt? Data
0O 5 10 15 20 25 0 5 10 15 20 25
Q¢ (GeVD) qZ (GeV*)

» Recent LQCD and LCSR calculations agree well with data

» ISGW2 shows marginal agreement for nlv

7 FE Model { ISGW I '}, BALL'O4 | FNAL 04 | HPQCD'04 | BK Fit to Data
Prob(x?) (%)%.. 3 ..{ 52 49 39 51

p FF Model | ISGW II | BALL'98 | BALLO5 | Fit to Data

Prob(x2) (%) | 52 26 48 68

» Errors for plv still too large to study 3 form factors.

03/16/05 Jochen Dingfelder - CKM Workshop 2005 15



Systematic Uncertainties (Untagged)

5B /Bx (%) 3B,/B, (%)
¢*> Range (Gev?) | 0-5 5-10 10-15 1520 20-25% 0-25[0-10 10-15 15-25 0-25
Neutrino Reconstruction| 8.3 7.0 114 3.7 110 81 |21.0 12.7 18.2 17.0

K? Interactions 42 14 18 37 36 29 (119 27 28 59
b — cly 50 39 39 43 36 42|72 18 38 42

b— uly 07 16 08 32 7.7 28][109 9.0 i21.2 129
non-BE Background [135(24 10 22 78 56 [112 09 16 46
Total Error 174 9.2 126 83 16.8 12.8(30.5 16.8 28.6 247

-
. .’

*
\d U

B(B® — n £ty) = (1.38 £0.10%0.17+ 0.08) x 10~*
B(B® — p £Tv) = (2144021430514 0.28) x 10~

Yans ®ans

*

> Better statistical precision than previous measurements.

» Syst. error dominated by v reconstruction. Will decrease with improved
track/neutral reconstruction.

» Results less dependent on theoretical predictions (own FF measurement).
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Overview: Branching Fraction Measurements

mlv plv
. H - H BABAR SL tag 1°(*1.85)
== BABAR SL tag ©* CLEOvrecop  H——e—+H
H——@—H BABAR Had tag 1°(*1.85
| Belle SL tag p*  J— . —
e BABAR Had tag n*
I—|.H: BABARvrecon BaBar v reco p H——e—t—]
H—@—H BELLE SL tag 7"
H“:'H CLEOVrecon BaBar p (2003) ]
Py Average 1.39 + 0.12
b Prob(r) = 0.05 | | o
1.0 2.0 3.0 4.0 0.5 1.5 2.5 3.5 4.5
] + 4
BF(B — 7ilv) (x10%) BF (B” — p" 1 v) (x107)
Testing isospin symmetry:
Measure w*lv, v separately (untagged)
'{BY — 7 £t0)/T(BT — 7% Tv) = 1.85 £ 0.34
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Extraction of |V |

» Measurement in bins of q? allows extraction of |V ;| for various g2 regimes

and FF calculations :

LCSR q? <15 GeVZ LQCD @2 > 15 GeV?

or extrapolation to whole g? range

- LCSR1 0-15 GeV? —H-o—+H—]
l_i LQCD1 15-25 GeV? ———e——]
LQCD2 15-25 GeV? —H—e—H—]
LCSR1 0-25 GeV? —eo+H—]
# | LQCD1 0-25 GeV? ——o+—+—]
— Quote LQCD2 as
- —+o—H— .
= LQCD2025GeV2 .............................................................. representative
ISGW Il 0-25 GeV? HeH
© No FF norm.
~ | ISGW Il 0-25GeV*  I—+e+ L yncertainty
. | LQCD2 0-25 GeV? —+o-+— available
o
| | | | | | | | |
0 1 2 3 4 5 ,6
V.| (x107)
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Prospects and Conclusions

* Error on BF will decrease through:

»more precise measurements of b->clv and b->ulv (res & non-res) BFs, FFs

»improved track and neutral reconstruction (= v reco)

»more data = prospects for 500 fb! :

Now 500 fb—*
(L3 + ﬂ-D (L3 + (L3 0 T stat szst Tst at} syst
B, .. 1ags 27 165 10% | 4% 11%
SL iags 107 380 8% 6% 10%
Untagged 619 4070 3% 8% 9%

= Ready to analyze more signal modes: n, ', o, ...

" Need help from theory: FF calculation for wlv, nlv

> Reliable error estimate for plv FF - needed for & and p BFs and |V )|
» Uncertainty on |V ;| dominated by theory!
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