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Semileptonic Decays at BaBar

e |V |from B -X /v decays

* Isospin violation in B - X IV decays
* B D%V

* B-D/D'/D”IV

* BDYtv

. .
Conclusions See also Kerstin Tackmann's talk

on Friday morning for more
about |V | and SL decays

(and a whole lot more)
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* B, D™[v partial reco

Events/10%0.1 GeVZc*

Experimental Techniques

B-factory operation: e'e” - Y(4S) — B'B- or B°B® (~50% each)
Untagged analysis: Reconstruct X+/ from one B — XIV decay

“Tagged” analyses provide

kinematic constraints, BG ) VA .
suppression for the other B | ® B o D®Y* Full reconstruction

- YO rmem,KEK
- eor l, T from D™ - DL

— over 1000 modes, €=0.3 - 0.5%

2 - 0 .
- Calculate M? 12z assuming D — Determines momentum, charge and

was produced parallel to T flavor of the other B
. T “ooooo- BABAR =
150 eewo BABAR — E - preliminary E
i B'— D" prehmmary gmm I
—- B—D** Q
100: BB Combinatoric ] Zs000
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m,, (GeVv/c?)
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Inclusive B_>Xulv Measurement

¢ Precision measurement of |V | 1s one of the main goals of the B-
factory program

- Along with 3, [V | helps to determine the apex of the unitarity triangle
e Can measure |V_|by studying exclusive modes B — TV, plv,
etc..., or the inclusive mode B - X /v

— Challenging because background from B - X /v 1s ~50x larger

- Need to select regions of phase space where charm BG is suppressed

‘ 2

192W

mh

I'B — X, /v) =

1+ O(as) +O(1/mg) +...

OPE calculation ~5% uncertainty

Need b-quark mass to extract |V _|

More details in K. Tackmann's talk
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B- X Iv Signal Reconstruction

* Reconstruct B, + lepton

o Assign all remaining particles in event to the X system

Use kinematics to distinguish X signal from X background (m_ >>m )
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e E __ =lepton energy

LEP
e ¢° = momentum transfer squared = (p,-p,)* = (p;tp )’
e m, = mass of the hadronic system
e P+ =E_ -|p,| = light-cone component of X momentum
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B- X Iv Signal Fits

Separate fits to 3 discriminating variables |
JUUT

000:_ ‘ _: 6000+ . _ E MX <1.7GeV/c” g
Signal fit : il ! ] 400 ]
g : X signal - i ] - t ]
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Branching Fractions and |V_ |

AB(B — X,tv) (10~%)

V| (107%)

My < 1.55 GéV/e2 1.18 £0.09 £ 0.07 + 0.01

4.27T £0.16 = 0.13 £ 0.30
4.56 £0.174+0.14 = 0.32

Extraction of [V | depends on
theoretical framework

388 £ 0.19 = 0.16 + 0.28
3.99 + 0.20 £ 0.16 + 0.24
448 £0.22£0.19 £0.30, -

453 £0.22 £0.19 £ 0.25 4 (m, o) :
4.81 + 0.23 +0.20 £ 0.36 26 -

P, < 0.66 GeV/¢? 0.95+0.10 £ 0.08 £ 0.01

My < 1.7 GeV/c?

) . 0.76 £ 0.08 £+ 0.07 4+ 0.02
¢> > 8.0 GeV?/c?

479+ 045 £0.26

BABAR (E.)
429+ 029 £0.28

Dominant systematic errors
due to MC statistics and

383M BB pairs

reconstruction efficiency BABAR (E,, s™=)

442 £ 030 £0.38
BELLE m
429+ 028 £0.28
BABAR my
456+ 022 £0.32

HFAG comparison
of [V |in DGE

framework

Average +/- exp +/~ (mb.theory)
434 £ 016 £0.25

yoidot = 2.3/ 6 (CL = 89 %)
Diressed Gluon Exponentiation (DGE)

THEP 0601:097,2006 !
m,, input from b—r c ¥ and b— s moments t LP 2007
| 1 1 I i | |

2 4 36
V.| [x107]

arxXi1v:0708.3702
[hep-ex]
submitted to PRL
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Isospin Violationin B X |v

W-

.
>

b >
B % Spectator diagram
q

/
Vy b
B-
U _
U
X o
%q Weak annihilation

-
>

* Weak annihilation only occurs for charged B decays

- Expected to be ~few % of the total B - X /v rate

* Up to 30% in some regions of

phase space

see, 1.€., Leibovich,
Ligeti, and Wise,
PLB539 242.

* Tag B°B’ events by partially reconstructing one B meson as B° -

DIV

* Compare B’ results to untagged (mix of B*B-, B’B’) to look for
1sospin breaking
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Isospin Violation Results

Fit sz e to determine

signal yield

- 3 overlapping

COX,ev
B Cev

I Dfev

D ey
[ fake lepton
CJBE—=X—e
Bl Feaking B*
@ Data we

T T T T T L l
® DataB —e

€

| ® DataB—p '
J I Xy

4 B Duy

4 Dy

L4 00"y

_{ [ fake lepton
JCJB=X—=nq

4 B Feaking B*

A @ Datawe

H

—150

—1100

momentum 3
intervals
g‘IU 8 -4 -2 0 -10 -8 -6 -4 -2 0 2 0
ME . (GeVic) M o (GeVZic?)
2.2 —2.6GeV/e | 2.3110.104£0.18 | 2.624+0.33+0.16 | 0.71+£0.2240.16 [hep-ex]
2.3 —2.6GeV/e | 1.4620.064£0.10 | 1.30+0.21+0.07 | 1.18£0.3540.17
2.4 —26GeV/e | 0.7540.044+0.06 | 0.76£0.15+0.05 | 0.914+0.37+0.18
Untagged BaBar measurement r 3\/8 o
PR D73 012006 (2006) [Pival 8% L 90% CL.
| fwal2.3 —2.6) : ,
Compatible with CLEO
result (I, ,/I" )<7.4%
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Measurement of B . D % v

W~ Ve
dr ey GElVal® o
dw(B - D EU) 4873 5 (%)g(%) b% > ‘Meh > gc
B~ D*
Form factor q R T

Phase space
P _wEmEB+mEF —
* B D'V has been extensively studied, 2mpmp-

but discrepancies still exist:

— CLEOQO's BF for D*/v much larger than that of D™ /v (including factor T7/1°)

— Form factor slope p? is not quite consistent

e Goal: measure BF, dI'/dw, |V_| in the D™ channel

— Main experimental systematic error (low-momentum T efficiency) is
distinct from D™ analysis

- Independent measurement will help to resolve these discrepancies
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B - D%y - Slgnal Fit

* Binned maximum likelihood fit to: 3 |amiceven] . BABAR
EGDDD_— preliminary
Am = m(D*) — m(D) s
~4000
QEBE]/ - mQB - m% Y=D"1 'E
cospy = fizp0p
2pppy
2 2 2
oy = Mg+ Mps —q 0.135 0.140 0.145 0.150
- 2mpmp+ %snnn cosOgy BABAR
" i preliminary
54000
226M BB pairs 20001
Fit 23500330 signal events -
-4 2 414 0 1 2 3
[] Signal W Signal like

Clorrelated W cr events

B Uncorrelated
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Entries / 0.05

n
o
o
o

6000 W BABAR
D** (Am-peaking) B D"er o ﬁﬁﬁ_ﬂiilm‘mary
D™ (Am-flat) W Combinatorial D*" §%000F |
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B-_. D%V - Results

Take F(1)
from theory
to get [V,

\

B(B~ — D 7,) = (5.71 & 0.08 + 0.41)%

* Main systematic uncertainties

- 10 efficiency
- BF (D*- D1t

— Form factor ratios R1, R2

Hadron07 — 9 Oct 2007

35

3.

arxXiv:0707.2655
[hep-ex]

F(1)-|Vy| = (36.3 £ 0.6 4 1.4)x 103
p4, = 1.15 £ 0.06 £ 0.08

Only one previous
D™ result

= O @ 4 » ®H @

ALEPH
OPAL (partreco.)

OPAL (excl.)
DELPHI (part.reco.)
BELLE

CLEO

BABAR (D7)
DELPHI (excl.)
This Analysis

o
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B_-D/D/D”’lv

e Try to understand the composition of exclusive states in B - X [V

— Further help to resolve D*/D™ isospin puzzle

— Understand role of D™ decays in saturating inclusive semileptonic rate

* Experimental approach

— Fully reconstruct B,

— Reconstruct lepton (e or ) in the recoil

— Reconstruct D°, D*, D™, D™, as well as DOTE in the recoil

- Extract signals by fitting m*

m? .= (p(Y(49)) — P(Biag) — p(D™ (7)) — p(£))?

115 8
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'B-D/D’/D"'Iv Signal Fits

" BABAR

==BoDl 1 BaBar =B Dl
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B_D/D/D’Iv Results

(2.33 £ 0.094¢0¢. £ 0.095y5¢.) %
(5.83 + 0.154¢4¢. + 0.305y5¢.) %
(2.21 4 011 gp0p. £ 0.12,,4¢ )%
(5.49 £ 016,40, + 0.25,,4 )%
(
(
(
(

)70

)70

B{ﬁ — D_I_EF_I_!;_:' )70
)70

0.42 + 0.06,4,¢. + 0.03,,4.)%
)70

)70

)70

)
)
(B )
B(BY — D*T{~,)
B(B~ — DYrn {7y
B(B~ — D*Tn (")
B(B° — D'r E I!g)
B(BY — D*n+i i)

0.59 4 0.0540s. + 004,00 )%
0.43 + 0.08440r. + 0.034ya1.) %
0.48 + 008,40z, + 0.044,51.) %

Most precise individual branching fraction measurements

Dominant systematic errors due to D BFs, Btalg selection,

and charged-track reconstruction
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arXiv:0708.1738
[hep-ex]

378M BB pairs

DN BF consistent

with untagged result
(5.71£0.08+0.41)%

All results compatible
with isospin symmetry
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Measurement of B - DUy

* Large T mass gives sensitivity @
to new physics at tree level b

— Charged Higgs boson B% %
q >

* Very challenging: T - evv, uvv decay produces additional V's

* Simultaneous measurement of Dtv, D1V, D*tv, DTV

- B, D/D" + lepton in recoil
- Look for events with large m*> . — signal events have 3V

- Use m*__~0 region to normalize signals
miss

Hadron07 — 9 Oct 2007 M. Mazur — Semileptonic Decays at BaBar
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B- Dy - Slgnal Fit

200

BABAR

prellmlnary

e Unbinned maximum likelihood fit:

30

M

- Two discriminating variables, m” . and

10

lepton momentum

— Simultaneous fit to 4 D® channels

— Constrain D™V background with
independent data control sample

0.1 (GeV/c*)? in insets]

B(B — D) Rz U
e Measure R = =2
B(B— D(*) ¢~ 1) 8
i 10
o D*tv 2 |
232M BB pairs Dty E | [ 4
W D &7 [\BABag ‘. |
Fit 66.9+18.9 D1V signal Dt P m$3r¥%%f
101.4+19.1 D'tV signal B D o fl) Dt
Comb. BG o ﬁ 8
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B DU)tv — Results

arXiv:0709.1698
[hep-ex]
Mode R B :
%] %] submitted to PRL
B — Dr . 41.6+£11.7+5.2 0.86 £ 0.24 £ 0.11 = 0.06 @ 3.60
B —= D' o, 207+ 5.6+1.8 1.62 + 0.31 £ 0.10 £ 0.05 | 620

Main systematic errors from PDF
parameterization, combinatoric BG model

D™ 1V consistent with Belle result
Other modes studied for the first time

Ll R — T T T 1
||hl| 6
I!1|:|| 'fl'
0.8} tan §=50 !'f"‘ ) - tan #=50 ) {0.8
= \”,, this measurement | =
O — o
73 o8 - . los & |—=
SNE { this measurement £ N
i . [
Iéi ﬂ.dftlllllllal;il{'l EEEEEEEEENR lllllllllllllllllllllllllllllll! 1 (.“]Ssumlng 100% l“ng' pﬂl)- ﬂ.4 Im{ ?ﬂ
~ ‘-I,:'-' M "r:l" IE,
4 —
0.2 -tnnﬂ: 10 % y
0 50 100 150 TWO'HiggS doublet model 150 200 250 300 °
My (GeV) predictions from Tanaka, Mgy (GeV)
Z. Phys C67 321
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Summary

e |V |from B X [v decays

— Tests of the CKM mechanism for CP violation

— Current precision on |V | ~8% (previous BaBar measurement was ~13%)

— Limit on WA contribution will allow greater precision in |V _| extraction

* B D" v and B-D/D’/D”Iv
- New precise measurements of |V_|, p*, and BFs help resolve discrepancies
- Working towards understanding all of the contributions to the inclusive rate
* B-Dv
— First evidence for DTv and observation of D*Tv

— Study of T modes can provide limits on H*
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Backup: Systematic Errors

_ |V
Detector onepe B(B — Xulp) Gluon pp 5 45y B2 DUV gipy g Monte Carlo Al Ub
function X, =, p,... splitting form factors statistics

My 1.92 0.90 2.08 1.62 0.21 044  3.71 6.07

Py 3.85 1.31 2,22 1.47 0.349 0.3  3.98 B.38

Mx, qi 3.83 2.43 2.T1 1.02 0.55 0.79 517 2.81
AV /V Ap®/p* AB/B
APy lepton momentum range | 2.2-2.6 | 2.3-2.6 | 2.4-2.6 tracking eficiency (e 1.2 _ 2.1
Statistical 12.6 16.1 19.3 pr dependence of €, 0.3 0.5 0.2
Systematics 61 5. 6.1 particle 1D efficiency 0.9 2.0 1.6
— extrapolated 7" efficiency (e.o) 1.8 - 3.6
Monte Carlo statistics 2.8 3.4 5.0 .

) N - ) p.o dependence of €_o 1.0 3.5 0.4
Peaking B 2.5 L1 1.2 Am shape of D** background 0.1 0.1 0.2
Ny 1.3 1.3 1.3 shape parameters 1.0 2.5 0.6
B movernent 0.4 1.0 1.5 number of BB events 0.6 - 1.1
Event Selection 1.0 1.1 1.9 off-peak luminosity 0.1 0.4 <0.1
PID 1.3 1.5 1.4 total internal 2.8 4.8 4.8
Radiation . L1 12 | 13 fa(l)and Ra(l) - 0L 47 03
J/w. bkg | 1SOSPID 05 | 02 | o2  B(AS)—BIBT) 08 - 1.6

_- - - B(D* — D"x") D%y 2.3 - 4.7
Fake lepton 2.3 2.9 1.7 B(D° — K~ at) 0.9 ) 18
B — Diwv 1.9 0.0 0.0 B~ life time 0.3 i i
B — Dy 2.4 0.5 0.0 D** decay fractions 0.3 0.7 0.3
B — D 0.1 0.0 0.0 number of D*” in ¢ events 0.2 0.7 <0.1
A, composition 0.7 0.4 0.4 total external 2.6 4.8 5.3
55 pair production 1.2 (0.5 0.3 total 3.9 6.8 7.2
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Backup: Systematic Errors

Systematic uncertainty on T(B — D™ i~ 5) /T{B — X{~ &)
B~ —= D% B~ — D" | BY— Dti—igg | BY — D*ti— iy

Tracking efficiency 1.4 1.2 14 1.5
Neutral reconstruction 0.7 1.9 0.5 1.1
lepton 1D 0.5 0.4 0.5 0.6
Soft particle efficiency - 1.3 - 1.2

Monte Carlo corrections
Conversion and Dalitz decay background 0.04 0.07 0.06 0.05
Cascade B — X — (~ decay background 0.6 0.6 1.0 1.0
BY — B~ cross-feed 0.2 0.3 0.2 0.3
Form factors 0.4 0.8 0.4 0.8
D™ branching fractions 2.3 3.5 4.1 2.7
B — X /{7 branching fraction 1.9 1.9 1.9 1.9
Btag selection 0.9 1.7 1.8 1.3

Fit technique

B — X vy yield 0.5 0.5 0.9 0.9
B — D™y vield 0.6 0.4 1.2 0.4
Total systematic error 3.7 5.2 5.4 4.5

Systematic uncertainty on T{B — D) xf—5,) /T(B — X{ 5y)

B~ — Dtr i iy

B~ — D*tn (i

BY — DOrti i

BY — DOnti—iy

Hadron07 — 9 Oct 200’

Tracking efficiency 1.8 2.7 1.5 L7
Neutral reconstruction 1.7 L8 1.1 1.8
leptom 1D 2.3 3.0 2.6 1.8
Soft particle efficiency - 1.2 - 1.3

Monte Carlo corrections
Conversion and Dalitz decay background 0.15 04 0.05 0.2
Cascade B — X — (~ decay background 0.6 0.6 1.0 1.0
BY — B~ cross-feed 0.2 0.3 0.2 0.3
Form factors 0.4 0.8 0.4 0.8
D™ branching fractions 4.2 2.9 2.5 44
B — X/~ branching fraction 1.9 1.9 1.9 1.9
Biag selection 5.0 4.3 4.0 5.6

Fit technique

B — X~y yield 0.5 0.5 0.9 0.9
B — DWni— iy yield 1.2 0.9 1.8 15
Total systematic error 7.7 7. 6.4 B4




Backup: D")1v Signal Fit

Fit projections to lepton
momentum spectrum at
low m* . (left) and

high m?___ (right)

D*tv

Dty

D*v

Dty
B D"
Comb. BG
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