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Performances

2003/03/05 06.47
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e PEP II & BABAR g5 - PEP-Il Delivered 111.86/fb
80 | BABAR Recorded 106.50/fb

operated successfully 75— BABAR off-peak 9.93/fb

70 |
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e > 100 fb! collected

» approved results:

Integrated Luminosity (fb™')

* ~20-30 fb? (tAm )

Delivered Luminecsity
Recorded Luminosity
Off Peak

% ~90 fb* (BR,V_,V )
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The Detector

BABAR : omni purpose detector for B Physics

1.5 T Solenoid

raectromagnetic Calorimeter
/6580 CsI(T1) crystals

Cerenkov Detector
(DIRC)
144 quartz bars
11000 PMTs

e (9 GeV)

5

Instrumented Flux Return

e (3.1 GeV)

Drift Chamber
40 stereo layers

Silicon Vertex Tracker

iron / RPCs (muon / neutral hadrons)

5 layers, double sided strips

SVT: 97% efficiency, 15 um z hit resolution (inner layers, perp. tracks) Vertex
SVT+DCH: o(py)/py=0.13 % x p; + 0.45 % Tracking & PID (dE/dX)
DIRC: K- separation 4.2c @ 3.0 GeV/c 2 >3.0c @ 4.0 GeV/c PID e/iK /p
EMC: oe/E =23 %EY4 1.9 % VITC® / e-PID
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Physics Motivation

Radintive decays ( [iure )

Oiscillarions

A 4‘\,.1"\_.;"\.-"\.-. ﬁh&l- ﬁ

Measuremends of

> am V) . \ -P
+» B>XW(V ) \ T R

+ B~ Xcl (Vcb)
allow to determin e of the Unitarity Triangle

complementary to CP asymmetry measurements
(see Riccardo's talk)
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T& Amd: the method

B(tag) :
flavour at other B decay

B(flavour) :

(LK, soft/hard p ) charge

flavour at clock start Tagging quality factor:
full / partial /semileptonic
id of a flavour eigenstate

Q=¢€(1-2wf = €77 ~ 30 %

w

BB coherent

>
(JPC=1--) state <AZ|>= 250 um %‘ K-
— —
o(AZ) =180 pm

Boost approx.:

T measurment:

Am measurment: Amix(At) =

0.56 (PEPII) :
At =AZ /Py o(At) ~ <At > << 211/ Am

dN/id(D8)
N(BB)-N(BB)

N(BB)+N(BB)

d

1s ~ same for all modes
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T & Am  :the samples

p : :
1) B> D‘ mpa J/¥ K" '2) Partial B’ Reconstruction: T(B°) |
1(B%) Am B> D" Iv B°~> Dmip

subm. to PRD
\ (PRL 87 2001) (PRL 882002) / (PRL 89 2002) ( )

/

L E L S B B S B
{  dara _>

o _. DA peaking BB
B signal # s

,d
9
E= B N mon-peaking BE °
= 600 }
E: continuum continuuan
HYY BB comb. b
- T

.F D and D*p
10

2
8
T

b S
!

F
10° £

Entries /0.2 (GeV2ic*)
2
8

Entries / 2.5 MeV/c?

g 8 1
13 5000 =
E 5 o 200
El
E Missing v mass Missing D mass
E 4 daa | B
. = B° signal ;gg B
1 f il e = | 59 BB comb. — 200 +
100 |-
M(B) (Gev/cz) = continuum 01 1o 5 0 o 10 is

At (ps)

P ,
'3) B B~ lIX: A (PRL892002) o

d

§4moz a) : . E 4] o 10 S g E 0 5 35

£ 2 | - . .~ N

T b 4) Simultaneous measurement

s M of T(B°) and Am using

Eoonh l.',+ . | 0 i

§ozp 1T 0 MR N B" - D l'v decays Y,
At (ps)

All results based on < 35 fb’!
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T & Am : B° =D*[v selection

Events/( 0.5 MeV )

Events/( 0.5 MeV )

3000

12
o
=}
S
I

1000}

140

|

I " | —— Signal + BG
D Uncorrelated D*1 BG
[l Fake lepton BG
[[J Continuum BG

[ Combinatoric D* BG

7000 D*ev

150 155 160 165
m(D*)-m(D") (MeV)

)
o
o
=
I

1000~

140

—— Signal + BG
D Uncorrelated D*1 BG
- Fake lepton BG
|:| Continuum BG
[ combinatoric D* BG

6500 D *uv

150 155 160 165
m(D*)-m(D") (MeV)

 High p lepton:
elu (p>1.2 GeV/c)
e + fully reconstructed D™:
D" D’
D’ KTt K3 K 't K 1ot
* Consistency with kinematics:
cos( G)D*l) <0

|cos( © )< 1.2

B(D*)
 Background properties from

data control samples
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1 & Am : B” =D*lv sample

Backgrounds

% combinatorics:
M_,-M_ side bands
% continuum:
off-peak runs
e Bl—)D*X, BZ—) LY (uncorrelated)
flip: 1?9 —pT
* fake leptons
tracks failing lepton-id
* B D* 1 vX
fit itself

Ha

Exents F LS Me'

L
(=]
T

[uise 05O

= Sl + B

1 Upiiensd e 00| B3
B Cadfgil 0F RG

l Acalir Foie | B

I Esel i

from data
control

Coonram | "

. T
*-IF Mg, Dilference (Me¥)

Background characterization

-

Evenss 05

i [mies S5:0rfes|
I e g1l L B
L] 3  Dmereed aicd 07 B3

B Caztinzen 00 BE
B Re1m Fiee | I
Eie 0* B

uncorrelated

L . I I‘F L IE
D*-IF Muss Dilference (MeV)

--------
I Cacffunes Dl RO
B e e | W

145 130 155 [} 165
- IF Msss Dilference (MeV)

Any B’-D* v (X)is signal for this analysis

150

[edoc 05 OnFas]

s 5347141 + BT

B Uncomelsed 04 BG
2 Condmanm £ RS

B ool O Fake | BO

B Fake 0=BO

- i .. .
- If Mass Difference (MeV)
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Asymmetry

T & Am the f1t

é : BABAR
é 102;_ 3 E
5o
10 3 7 £ ; E
lﬂHh el e WW | Sl
15 10 -5 0 5 10 15 15 10 -5 0 5 10 15
Not Mixed ™ Mixed 2®
1 | " BABar T |
=4 D=1-2w o

0.5/
_.--‘/
0

m AT\
L

2n

am,

+ -

1(B°) = (1.523+0.024+0.022) ps

A S
= (0.49210.018+0.013) ps™*

Flavour tag:
#* LK,NN,
* Q=€(1-2wf~ 24 %
Fit simultaneously :
#* tag Not Mixed,
* tag Mixed
% no tag (T only, ~ 30% )
Determine T, Am + 29 parameters:
% resolution
% f,, = (8.2 £ 2.9)%

#* wrong tags

&
«0.021-

0

-0.02f-

| 1 1 | 1
-0.02 -0.01 0 0.01 0.02
SAm (psH
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T & Am :averages & comparisons

Amd 1(BO)

D*v (prel.) 0.492+0.018+0.013 1.523+0.023+0.022

I 0.492+0.012+0.009
Part.S.L 1.529+0.012+0.029

Part.Had. (prel.) 1.533+0.034+0.038

BaBar average 0.900% 0.008+0.006
World average  0,503+0.006 1.540% 0.014

R+/-

D(*)h 0.516+0.016%0.010 1.546%+0.032+0.022 1.082+0.026+0.012

| " T ' ' T

ALEPH’ L

(3 + 1 prel)

DELPHI " -
{4+ 1 prel)

L3 - 0.444H0.028+0.028 ps']‘

(3

044 600.020-0.018 ps']'

0.5194+0.018+0.011 ps*

OrAL i ] | 047900180015 ps']'
(5)
sSLD " L S8 { 0.507+0.023+0.019 ps*
(5 prel) '
0.495+0.0260.025 ps_l
BABAR o 0.500+0_,008+0.006 ps
(2 + 1 prel)
BELLE e | 0.5060.006+0.007 ps
(24 2 prel) L
average of above |_..l 0.503+0.006 ps*
after adjustments
ARGUS+CLEO |—.—1 04910032 ps_]'
(%, measurements)
world average H 0.503+0.006 pst
| : 1 L i L 1
04 045 0.5 0.55
" work ing group average 1
without adjustments Amy (ps )
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BR(B° »D*1 v)

_T'Jlmmlnl

e o T e

Efﬁ(;iency (%)

= e

Same selection as above BY = D" (K7 )etve

B - D (Kt =xtn et
Use 2000+2001+2002 stat. (80 fb-1) B® = D*~(K*n et v,

B® - D* (Ko%= )etw,

BY - D* (K*n )utw,

2 (e/ W) *4 (D°)* 3 [years) = B — D* (KTn~ = n JuTu,

different modes 1?“ — D" (K" r”}p, o,
BY — D* (Kt )uty,

Determine B.R. separately in

11.915 + 0.102
3.729 £ 0.038
2.860 + 0.026
0.330 =+ 0.014
9.147 + 0,089
2.804 = 0.053
2.183 £ 0.023
0.258 = 0.013

70 Kevts, purity 70 - 85 %

D :3(e Br) 010 %

Any B°-»D* I Xv_is background for this analysis

FrancoSimonetto INFN & Universita' di Padova
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Sample composition

+ Combinatorics, continuum,

uncorrelated, fake [

— as above

» B° DX /T, X /T 2lY

- from MC (~

* B%"sl'v (D*)/ D**, D** >D*X

- fit :

1 %)

g T

__Tutu\ = 1767500 +- 132.85 / 17508.73

evertts/O. f

&

g

events/O. 1
2

E Total= 1361100 +— 11667 / 1327834 .
I

400 — I Fake D¥BGC( 135867, 277 %)

I O D Sigaad( 1287320, 73.50 %)

[ B D*haSignalt 130978 7.50%)

[ B Rel D% Fake |BG¢ 4655, 027 %;
__. Uncomaiorad D BGt 109184, 624 %)

| M Comslamd DHBGY 2625, 140%;)

L O Contnuam DHBG( 55695, 3.15%) |

700 F
600 [~ B Dy Signal (106119, 7.5 %)
so0 M Uncorelorsd DY EG( 53385 402 %)

go0 =0 Commmuwm DY EG{ 426,82, 321 %)

[ O D*nuSignaif S854.81, 7444 %)
[ B Real DX Foke | FC¢ 35700, A0
[ B Corelamd DY BGy 23623, 178 %)

r B FRake D¥EGP 3771, 631%)

cos(©

B-D *l)

—(m *+m
B D*

L

°.2E E J+m 2

B D*

2IpBIIpD*lI

COSGBG,D*I

Results consistent with:
* fB+ from Amd analysis (+Isospin)

Signal: =0 -lcosOI<1
Backg.: > 0 » overflows

* {_,, from Moments analysis (see below)

FrancoSimonetto INFN & Universita' di Padova
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~ Results
error contribution dB/B ['ﬁf} Xz/ndOf — 2 1 . 3/23

statistical data 0.6
statistical Monte Carlo 0.4 BABAR .
S e T ] P e — T e — § e—Kpi 2001
fraction of all backgrounds except B = D*" 1Ty, X 0. _I. o0z
particle identification 0.9 L Cxm
‘ i K—Kpi 2001
reconstruction efficiency of slow pion from D'~ = D"r™ decay e 2002
particle reconstruction efficiency (all tracks but slow pion, including 7° and K?) @ ——t ok

: i ; N i e -

D {7 vertexing efficiency () — 2002
IP.[,”“" momentum cut 10 —— K3 o
\* fit binning 10 — = 00z
B = D*~ X background fraction error from y* fit 12 —+—+7= 6—Koloi0) 2001
B = D* "y X background composition m . o
total number of B prodiced .l o 4—Kpipi0 2001
g p { 1 ' " _ 2002

T{4S) rest frame B momentum data/Monte Carlo disagreement 0.7
i ‘ - .. 200
HQET parameter dependence 1.8 B e—Kspipl zo01
o 8 - ! 2002
l““‘ll .“\'E“I('Illtl'i(' error @.9 —

. i —t1 ..

x7 B puyp . H—Kspipi 2001
B(D") P D G 20 — 8 2002

(D'~ = D'r) 0.7
A (AR (Y (| "‘ am I I A A A A paal g b b b

B(Y(45) - B'B") o 3 35 4 45555 correlated samples
total branching fractions error 3.5 (tracking,PID,B.R.)

BR(B° »>D*'l v) = (4.9210.03°**£0.02°**"+0.24°*?+0.17"°%)%

(BaBar Preliminary)
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Comparisons & World Average

ALEPH

5732026 £0.37

OPAL (Excl)

539+0718+£047

OPAL (Incl)

607 +027 £058

DELPHI (Incl)

4890+015+£035

BELLE
482+023+042

CLEO
624+015+038

DELPHI (Excl

568020047

:l—n—(:)—n—|

—

S
'—'—-—'—§+
e

P

(BABAR prel.

\J.92 £0.03+0.29

Average
527 +£018

HFAG

B
——

2 3

4 5 , 6 7
B(B > D" Iv)[%]

Results rescaled to common
inputs:

* BR=(5.27 £0.19) %
* C.L.=6.4 %

To come:
Vcb measurement

with the same data sample

FrancoSimonetto INFN & Universita' di Padova
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BR(B —>Xclv) and VCb

dI-ldp ™ 1100 Lle Yic)™l

mostly B = [vX

mostly B » X 2IlvY

P ansanmanseeasanans nanes S o . ONPal
“BuBan ﬂ#' ++ 3000:_ BA BAR D Vistagged Events
: 1060 | - - K
%I &tl On % +4-_‘_i_+# . % 2500: g . D“D(*E]jx
Z 800- | I 1 & F [ ] efromtugB
e-tag, >1 5 GeV i . n'gﬁt + ﬁ2000; o WIONG " [ Faked Bctrony
A_ P . Conversion,Dalitz
./ .E I 4 -ﬁ Rl ¥ B Continnuum
second e: Q £ 40 1 S LAY
| B -
0 05 1 Ly 2 25 0 05 | 15 2 25
p [GeVic] p [GeViel
| |I v
4 / measurement
2000 |
fit p_
! * bckg subtracted
10au , % € corrected
extrapolation
. (6.1£0.9)% # mixing unfolded
':'ﬂ 0 0F 10 15 20 25 | with sum of ev (D+D*+D**) spectra
P’ [V

FrancoSimonetto INFN & Universita' di Padova
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BR(B —>Xclv) and Vcb: Results

BR=1(8) IV_1?y™ = (10.87+ 0.18 * 0.30 ) %

IVcblincl = (42.3 0.7 _(*2.0 )) 10°

BaBar Prel.

P

DETERMINATIONS OF BR.(b — X ¥¢D)

Expt BR stat syst

CLEO 10.49 =+0.17 =+0.43 Perturbative &
BELLE (¢ Tag) |10.00 =+£0.12 =40.49 CIELEDALIVE
BABAR (e Tag) | 10.87 +0.18 +0.30 non-perturbative QCD
AVERAGE L8l sE moBlEls] oalliiG

Exept BR stat syst model

ALEPH 10.70 +0.10 +0.23 =+0.26 . —
DELPHI 1070 +0.08 +0.21 *04l Theoretically limited.
L3 10.85 +£0.12 +0.38 =+0.26 Experiment can drive theory !
L3 (double tag) | 10.16 +0.13 +0.20 =+0.22

OPAL 10.83 +0.10 +0.20 *)39

AVERAGE 10.63 +0.00 +0.15 =+0.18

[T(6 — X.fv) = 0.434 x (1 £ 0.018)10~1° MeV]

LEP+T(15) Vi, WG Mareo Battaglia, Frascati 2002
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B -»>X lv :spectra

= fIGa A\ A,...)
OPE: Determine /\, )\1from

Events/83.3 Mev/c’
ts/80 MeV/c®

Ewvan

First Hadronic Moment;:

H =f <M’ -M°__ >+
1 D D

D(Sp in) : o q .. AT :r..-.:;;s -.a.-.-:.e.r_ ..
2 2 ..

_ + T R

f *<M D* M D(spin) > H1 - ifs,glq Preliminary :

<M? _ -M°_ > E

S D** D(spin) . % + OPE, A, )\ free |

D(spm) = m +3M, *) /4 +\ == —E

B, » X, B, =fully reco. o 3
constrained kinematic fit to M_ amif - +_
: . points are correlated =

determine f_ .f . .f_.. R Wy e

! Need more x-checks:
D > higher moments,

Tt lepton spectra ...

X ” FrancoSimonetto INFN & Universita' di Padova 17



V :inclusive analysis

ub

B->X lv
Main problem: B —>Xclv background: B> Xulv ~ 0.01

Inclusive Analysis:

0.1 !-
| B ABAR
» p, above B~ X [v end point -
% 0.075
¥ acceptance: S 5@ <
T, 005 | o . o
E T
from CLEO B = oo s
_)
Tom Sy spectrum fit: Mopte Carl—oLFl_
o L=+ i T - - =
2 2.1 2.2 2.3 2.4 2.5 2.6
Electron WMomentum (GeWV/c)

|V bI = (4.43+0.29 +0.25 +0.50 10.35) 10°
u exp OPE fu s

2.7

FrancoSimonetto INFN & Universita' di Padova
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Vv

_:exclusive »>B"° p°Tv

IV_| =(3.64+0.22_+0.25

+0.39

continuum

u
[ 1
P
] 2.3<E <27 b
° Tl F -
* U reconstruction =350 \ __“_ 2 400- |
o [ '] Z
hermeticity 2250, i b
. ol | — . |
* constraints: lﬁﬂ+ 200~
— — oo & M 100~ T AE
M=M,M =0 2L Lo S
* 040608 1 |11/: 1.6 1.8 2 ﬂ:._:- | 05 0 05 q] 1.% 2
';';f B éplv : ! RATHY S v L b [ X Fa ey TS e IR T W P o = 2
% 9000- 2.0<E <2
2.3<E <27 v, SO 5
e = ?UU[J_— : 8000-
. 2 6000~ 2
}';f B éXclv o 4 ﬁ{jfj['l_— . ;EGDUDE ==
Z 4000 s
2.0<E<23 ] - M : AE
¢ 2o ' 2000 [ 2%
1000 FWL... :
—— Dz"" IE-.'-el_“,_., ol
040608 1 12141618 2 2151050 05 1 15 2
I'Imll:ul |“EV] A |_'. [{-;L'VI'

) 10°

sys.-0.56 th.

FrancoSimonetto INFN & Universita' di Padova
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V _comparison

BABAR preliminary

|V bli“"l' = (4.43+0.29 +0.25_ *0.50 10.35) 10°
u exp OPE fu s
IV_ 1" = (3.64+0.22_ +0.25

+0.39
sys. -0.56 th.

) 10°

Inclusive Determinations

Vol x 10°

A leph NN

0 pal NN

D elphi

L X

C leo o

4. 12+ 0,67+ 0,62+ 0. 35

B elle I rely ,|
4,00+ 0.7 £ 0,59+ 0. 40
4,07+ 0,65+ 0. 47+ 0. 39 C leo P rely " "

5TE1.0£1.3£0.5

4124 0,344 0, 44+ 0. 33 C leqly H. |

GS abar P |'|:Ir

4.43+ 0,29+ 0.50:0.43 )

.
LI =
leo P rel. M

E;ITTTI

Exclusive Determinations

3,230, 14+ 0,26+ 0. 6

33260, 21£0.23+0. 4

3,23 0.23£0.25+0. 5

@ aB ar I pH,

3,69+ 0,23+ 0,27+ UE

4. 05£ 0. 18 0, 630, 60

L8 2 25 3 35 4 45 5 55 6

v, x 1t

Marco Battaglia, Frascati'2002

L5 2 253 3544555856

Good consistency among experiments

Consistency between incl./excl.techniques ? 20




Conclusion

* BABar and BELLE push B Physics into high-precision era:

%« V ,V &V are theoretically limited
td cb 1510)

* New experimental handles:
V. .~1%
¢ lepton & hadron spectra (Vcb < 1%) ©

¢ more measurement + spectra ( Vub ~5%) ©

* Much more to come ...
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