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Semileptonic B Decaysl e ’

Tree-level decays
Form Factors

)/ Isolate hadronic vs. weak-decay effects
d.u —— Inclusive or exclusive final states

Many kinematic variables available

C D

O

<
W—J
Hadrons

e,u,T myx . Mass of hadronic system

g> : mass of {+ v
Pmiss . 4-vector of “neutrino”

Access to many features of hadronic physics

e CKM matrix elements |V,

Vep|

e Non-perturbative QCD, form factors

e B meson properties: lifetimes, mixing
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New approaches, new resultsl

Semileptonic B decays have been a fertile field for two
decades.

B-Factories have fed an explosion of results since 1999.

Far too many to be both comprehensive and coherent.
—> Focus on few results since Summer 2005:

o |V,| from b — u decays
e |V, and B — D* form factors

e B lifetime and mixing

For comprehensive background, see Richman & Burchat's
1995 review (RMP 67 (893); hep-ex/9508250).
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B—>Xu€V . ‘Vub’

See M. Rotondo’s talk at 19.10 for BaBar results
Several complementary approaches

Exclusive final states (X, =m, p, w, etc.)

e Large kinematic range; form-factor dependence
e Tagged (reconstructed B) or untagged methods

e T[rade-off efficiency vs. purity

Inclusive lepton momentum spectrum

e High purity when tagged with reconstructed B
e Full event ID allows v kinematics from pmiss, Fmiss
e Large backgrounds from b — ¢ . restricts p;

e V,, extraction exploits B — sy spectrum and QCD

Discrepancy? between |V,;| from inclusive and exclusive
(4.38 £0.19 £ 0.27) x 10=3[incl] vs. (3.76 £0.16 7057 ) x 1073 [excl]

HFAG EPS 2005 summary
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Exclusive B — X (v : BaBarI B ’

See M. Rotondo’s talk at 19.10

Select B%* — 7fv and plv without reconstructing other B

e Well-identified lepton matched with 7%, 79(y~), p%(xt7 ), pE(xE70)

e Remaining tracks/neutrals constrain missing E,p to v

Five ¢2 bins with partial BFs B — miv B — plv
Simultaneous fit for all modes 03k @] osr (®)
Compare form-factor models ‘“g02 0,4:'“T“' 1 }
S ] ]
= LCSR, ¢° < 16 GeV i isaw I I I .
2 T 0.1 :-_--.LQCD1 -+- 0.2 .
= LQCD, ¢ >16 GeVvV | 7] L aCD 2 I ISGW I
| BKFittoData | | T~ Iinct:tSoRDzata
H : 0 0 5I 1|0 1l5 2IO 25 0 0 I5 1|0 1l5 2|O 25
Can also fit directly to data & (Gev) ¢ (Gov?)

2y — cg(1—a) irevic-Kai
f+(q%) = 0 /mZ (0 —ad®/mZ.) (Becirevic-Kaidalov)

Vip| = (3.824+0.14 +0.22 £0.11 T553) x 1073

1Vy,p| = (3.76 4+ 0.16 jg-gi) x 10~ 3 (HFAG) Phys.Rev. D72(051102), hep-ex/0507003
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Exclusive B — X (v : BeIIeI B ’

Select B — D*{v events, look for lepton (e,u) and w or p in
recoil, with matching charge to tag.

H H H ci - o 1SGW20 % - o 1SGW20

Similar to BaBar analysis. g, 'y BEE | 2 Pl R
. . £ -
Partial rates for each channel in = .| " ) lj
bins of ¢2. B (=] i I
\ﬁ‘T SR W ) ) I (?:i

Compare with form-factor mod- 81 8
els. .

L e
Average B — 77¢v and B~ — 7%v, use LQCD calculations
to extract |V

V| = (450+£0.52+£0.277079) x 107%  (HPQCD)
V| = (3.814£0.44+0.23705%) x 1072  (FNAL)
V| = (3.76 +0.16 jggi) x 10~3 (HFAG) EPS 2005 Proceedings, hep-ex/0508018
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Exclusive B — X v : HFAGI
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BABARSL tag: B* — n°I* v x 2tt, !
3.31 + 0.68 = 0.42 '
BABAR Brecotag: B" — =% 1" vx210/~p+

1.45 + 0.37 = 0.12 —®
BELLE SL tag: B" = n® 1" v x 2t /T, !

140 £ 0.24 = 0.16 e

BABARSL tag: B —=x I*v

1.02 + 0.25 + 0.13 H——
BELLESL tag:B°—»m I"v |

1.48 + 0.20 = 0.16 ket
BABAR Brecotag: B — w I* v |

1.24 + 0.29 = 0.16 H——t—n
CLEO untagged: B —m|™v i

1.32 + 0.18 = 0.13 H_.._H
BABARuntagged: B — w1 v |

1.38 = 0.10 = 0.18 2
Average: B® -t |* v |

1.35 + 0.08 + 0.08 “'+'“
~/dof = 8.0/ 7 (CL = 33.0%) '

EPS-2005 |
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Inclusive B — X (v : BaBarI B ’

See M. Rotondo’s talk at 19.10

Select ‘“fast” electron (p. > 1.1 GeV) in “BB-like" events

0000000000000,

P 00
o,
o,

e high multiplicity ’g 10% . @ Y(45), off-res

e spherical (R2 < 0.5) = \\\\\\ |
3 | N\ —

L hlgh Pmiss dwWay from e :c; 107 :\ ‘ (b) - (a) subtracted
S 104 D e

Subtract backgrounds 3 ... 1vs. BB bkg

[ H

o data below T(45) 5. © | BKg-subtracted

° e\./ents with pe > 2.8 Ge.\-//c § i w | B = X, ev

e Fit B — X /v composition 0 A\

I\ N SNy
11 15 1.9 2.3 2.7 31 35

in bkg subtraction Electron Momentum (GeV/c)

Combine partial rate with shape function parameters, moments from

B — sy spectrum, hadron mass & energy moments from B — X 4v

V| = (4.44 +£0.25 7552 £0.22) x 1072

|[Vupl = (4.38 £0.19 £ 0.27) X 10~ 3 (HFAG) Phys.Rev. D73(012006), hep-ex/0509040
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Inclusive B — X (v : BeIIeI B ’

<]
8

I signal __
(a) 100 [ "€gion

——
? b—uMC 80 *
r b—cMC 60
+ data F
F 40 +

H, = non-B tag, non-lepton tracks

i and neutrals in event
§%m_ 20 1 4 * Subtract b — clv via simulation

1 2 3 4 5 0 0.5 1 15 2
P, (GeV) P, (GeV)

®| Compute P, = Ex — |px]

Events/ bin
X
8

]
8
Events/ 110 MeV

o
3

8
3

a1
5]

(=}
o

Vup|? o< ATy e, in region(s) with low b — ¢ background

P, < 0.66 GeV/c(quoted result)
Mx < 1.7 GeV/c? All consistent
Mx < 1.7 GeV/c®> @ ¢ > 8 GeV?/c?

V| = (4.09 £0.19 £ 0.20 715 £0.18) x 1073

|[Vupl = (4.38 £0.19 £ 0.27) X 10~ 3 (HFAG) Phys.Rev.Lett. 95(241801), hep-ex/0505088
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“|Inclusive |V,,| : HFAGI
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—
—

CLEO (endpoint)

4.02 + 0.47 = 0.35 =
BELLE (endpoint)

482+ 045+ 0.31
BABAR (endpoint)

423+ 027 + 0.31
BABAR (Ee, 09

4.06 + 0.27 = 0.36 —
BELLE m, 5
408+ 0.27 = 0.25 :
BELLE sim. ann. (m,, o)

BABAR (my, g°)

4.38 + 0.46 = 0.30 *
476 + 0.34 + 0.32 :

Average +/- exp +/- (mb,theory)
4.38 = 0.19 + 0.27

x°/dof = 5.9/ 6 (CL = 43.0%) §
HQ input fr?m b— clvandb— sy mornenté

. EPS:2005
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B — D*/v Form Factors : BaBar

Reconstruct B — D*tew,
D** — D%(— K~ ant)nt

No reconstruction of recoil B

dl’

Fit fully differential decay rate g5 -1

ME+M}.—q® _ +(B)
2MpMp+ ED* /MD*

e 0y : lepton angle in “W frame” vs. W in B frame

o W —

e Oy : D angle in D* frame vs. D* in B frame

e Y . angle between “D—D*" and “W—¢" planes

Fn. of helicity amplitudes H_,H,, Hy (~ D* polarization)
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B — D*/v Form Factors : BaBarI

. . ) > 800 — 12001
Helicity amplitudes = three 3 S so0f I
» 400 L g i
form factors A;, A5,V 5 2 400
T 2131415 AR '69' B
R 2 w cos6,
Az(w) = Az (w)
R*2 w4+ 1 _ 3 soom
Ry 2 = s F
V(iw) = Aq(w 5 g 4
W) = M)
1 ) o 1 =2 3
hAl w = 1w x
(w) o .
%1200 >
< 800 g
2 2 2 = - =
hai(z) o [1—8p%z+ (53p> — 15)2% G 400 :
2 o[ .. | 2 o
_(231:02_91)23} § 12 16 2 24 2 006 014 022
000000 p (GeV/c) Pt (GeV/c)
_ (mEI-vY) = P -
(Vw +1++2) Data vs. MC generated with

fitted form-factors
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B — D*/v Form Factors : BaBarI e ’

Sufficient data to fit for constant R;, Ry parameters.

Ry = 1.396 4 0.060 % 0.035 + 0.027
R, = 0.88540.040 +0.022 +0.013
p* = 1.1454 0.059 & 0.030 =+ 0.035

Different theoretical ansaetze result in 1—20 variation

Using new FF parameters with previous BaBar technique

(Phys.Rev. D71(051502), hep-ex/0408027)

Vol = (376 £0.3+1.3712) x 1073
1.3

~20 difference vs. average |V,,| from inclusive b — clv, b — sv
(42.04+0.2£0.440.6) x 103 (hep-ph/0507253)

Rq{ =1.18+0.32, Ry = 0.71+£0.23 (CLEO,1996)
p2 =1.56 +0.14 , F(1) = 0.92 + 0.04
|Vepl = (40.9 £ 1.8) X 103 (HFAG) Submitted to Phys.Rev.D, hep-ex/0602023
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HFAG : |V,|, Form Factors

I
Q Ax=t Existing results and average
= 49 use 1996 CLEO fit of Ry, Ry
> | [PRL 76(3898)] to set F(w).
X
— 40
L OPAL
(part. reco.) BaBar's new result affects
ALEPH extraction of |V_| from BFs
35 (value and systematics).
LUl HFAG ithi
Work underway within -H FAG
| idoi=a0g14 | | | | | | to incorporate result with ex-
0 05 1 15 2 isting and future analyses.
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Summary and OUthOk emileptonic ecays

Semileptonic B decays continue to be fruitful and exciting
e Many new measurements improving |V,;|

e Differences between inclusive and exclusive |V,;| narrowing?
4.44 £0.25 T217) x 103
( —8§g) vs. (3.82+£0.14F5720) x 1073
(4.09+£0.1975:39) x 1073 |

Statistically precise (<6%); consistent within uncertainties

e B — D*Yv form factor fit is first update in ten years. Results will
affect exclusive |V,.,| (central value and reduced systematics).

e Inclusive and exclusive V.| still seem different at ~ 20 level.

(4204£02£0.7) x 107% vs.  (37.6+£03733) x 1073

Interesting? or not?

e Single-experiment precisions comparable to previous world averages

Expect more high-precision results, confronting theoretical
models and S.M. predictions, over next few years!
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The B Factorlesl SEpRomE B R

Asymmetric-energy collisions ete™ — Y(4S) — B°B°, BT B~

Babar at PEP-II Belle at KEK-B A

BELLE

9 GeV ¢, 3.1 GeV e*" 8 GeV ¢, 3.5 GeV e™"

' Muon/Hadron Detector
Magnet Coil

. Electron/Photon Detector

. Cherenkov Detector

. Tracking Chamber

. Support Tube

‘ Vertex Detector

1. Silicon Vertex Detector

+ 2. Central Drift Chamber

3. Aerogel Cherenkov Counter
4, Time of Flight Counter

5. Csl Calorimeter

6. KLM Detector

7. Superconducting Solenoid
8. Superconducting Final
Focussing System

Lpear $10°* cm—2s71 Lpear, 2 1.6 x 103 cm~—2s™1

1999 to 2008/2009, ~ 1 ab™! (billion BB) each
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Advantages of B Factorlesl e ’

e Very high statistics: few BB per second

e Specific production states: at threshold for B°, B*
e Full event reconstruction: 5—20 tracks per event

e Resolve B decay times (8y ~ 0.5 = Az ~ 250 um)

e Low backgrounds, open (unbiased) trigger system
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Exclusive B — X, (v, |V, : HFAGI

Ball-Zwicky full g2
3.37+ 0.14 + 0.66 - 0.41 ®

HPQCD full g2
3.93+0.17+0.77-0.48 ®

:> FNAL full g2
3.76+ 0.16 + 0.87 - 0.51 ®

Ball-Zwicky g2 < 16
3.27+0.16+0.54 - 0.36 —h—

HPQCD g2 > 16
4.47 + 0.30 + 0.67 - 0.46 =

FNAL g2 > 16
3.78 + 0.25 + 0.65 - 0.43 =

l | l l l | l l EPS'%OOS

V| [x 107
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Inclusive B — X (v : BaBarI

Semileptonic B Decays ==

See M. Rotondo’s talk at 19.10

Mass of X, from reconstructed B, lepton, “neutrino”

Partial rates in bins of mx < (, corrected for efficiencies

Avoid dependence on shape function (LLR, Neubert)

2
6a (1 4+ H c(0)
Vbl _ ( le) [ 7 i| X ST(¢)
Vis| w [100) + 1.
ST(¢) = No—u(0)B(B = Xtv) x efficiencies

Np_.x¢ X e(b — u)

Iy, I, weighted integrals of B — sy spectrum

™
o
=
x °]
=
=
=

8|

6

s

2]

LLR Full
Rate

2 - 3
T GevIc?]

V| = (4.43 £0.38 £0.25 £ 0.29) x 1073

|Vup| = (4.38 £ 0.19 £ 0.27) x 1073 (HFAG)

Submitted to Phys.Rev.Lett., hep-ex/0601046
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HFAG : B — Dlv, D*{v

ALEPH
2.39 = 0.20 + 0.52

CLEO
210+ 0.13+0.18

BELLE
215+ 0.12+0.39

Average
212 +0.20

HFAG

ledolf = 0.3/ 2 (CL [ 87.0%)

1.5
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B(B° — D I v) [%)]
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ALEPH
5.77 £ 0.26 = 0.52

OPAL (excl)
5,50 + 0.19 + 0.49

OPAL (partial reco)
6.19 = 0.27 = 0.68

DELPHI (partial reco)
5.04 +0.13+0.36

CLEO
6.28 + 0.19 = 0.39

BELLE
4.68 £ 0.23 = 0.43

BABAR
4.81 +0.07 = 0.36

DELPHI (exclu)
5.80 £ 0.22 + 0.50

Average
5.34 + 0.20

HEAG

inter05 prel

xZldof 3 15.6/ 7 (CL = 2.9%)

2

I
4 0 X 6
BB° = D" I' v) [%]
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B* Properties : BaBarI

BY — D*t¢p, D*t — 7t D°

Lepton and “slow” pion only, not DY

Recoil B identified from lepton only.

Fit ATt ~ Az using /-7 vertex, beam- \

-10 0 10

spot, lrecoi—beam-axis constraints. ALpS)
Neiei o Ne-|-£—
Néiei + Ne-l—g—

BO9BO mixing:

r(B%) = 1.50440.013 7098 ps
A(mg) = 0.511=+0.007 9997 ps—!

Phys.Rev. D73(012004), hep-ex/0507054
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BY Mixing : BeIIeI

-0,0.57\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
<

Search for charge asymmetry in BB - ;
mixing. i ]

03 |

Reconstruct events with pairs of O-j ]

leptons. Identify same-sign vs. O#+T++++T+ % 1T 7
opposite-sign events. . + R + 7

Look for difference in ¢t¢1+ compared -0-3§ f
to ¢~ ¢~ (excluding known detector ef- . 7 7
fects) o bbb

L L L L L L L L
) 0.02 0.04 0.06 0.08 0.1 0.12 014 0.16 0.18 0.2
|Az|(cm)

_ Nptg+r — Ny -
Np+g+ + Np— -

Ag = (—=1.1+£79+7.0) x107°

Submitted to Phys.Rev.D, hep-ex/0505017

== Michael H. Kelsey La Thuile 2006 = 2] =




