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VWiatisithe B Beam PhaysSICS?

« Reconstruct one of
thetwo Bs...

e ...and do it with “high”
efficiency

* The remainder of the event
IS the other B
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2004/07/31 09.21

PEP-I1 peak luminosity:

240 // 9.2 x 1033cm-2s1
220 // (exceeded design goal 3.0 x 1033)
200 ™ pEP.Ii Delivered 253.16/fb .
180 BABAR ;eczrrZed 243.70/fb // PEP-I1 delivered 253 fbt
£ 160 BABAR off-peak 22.68/fb // BaBar recorded 244 fp-1

- 17fbY/month ﬂ/

—
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Integrated Luminosity (
® o N
o o (e ]

Delivered Luminosity
Recorded Luminosity [

60 /
/ Off Peak
20 f

High Energy Ring
(upgrade of existing ring)

~ Both Rings Housed in Current PEP Tunnel
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BaiBal [DEelecton,

SVT Measures origin of charged particle trajectories
DCH Measures momentum of charged particles

Instrumented Flux Return (IFR)
(resistive plate chambers)

DIRC Identifies particles by their Cherenkov radiation
EMC Measures energy of electrons and photons
IFR Identifies muons and neutral hadrons

2 R
BABAR.

DEECIOR

Superconducting Solenoid
(1.5 Tesla)

Electromagnetic
Calorimeter (EMC)
(Csl crystals)

e* (3.1 GeV)

Cherenkov radiator (DIRC)
(quartz bars)

Drift Chamber (DCH)—"@ _, N \
(multiwire gas chamber)

Silicon Vertex Tracker (SVT)
(silicon module)

SVT: 97% efficiency, 15 um z hit resolution (inner layers, perp. tracks)
SVT+DCH: o(p)/p;=0.13% x p; + 0.45%

DIRC: K-n separation 4.2c @ 3.0 GeV/c 2 256 @ 4.0 GeV/c

EMC: o/E=23%E¥*® 1.9 %
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EUlINAE 2dreRICHIagS

Breco Tags

Aim isto collect as many as possible fully reconstructed B mesonsin
order to study the property of the recoil.

Reconstruct B — D(*) nz mK pK, gz ° but the intermediate resonances
are not requested. Thisisthe so-called SemiExclusive Reconstruction.
«  Two steps:

— Reconstruction of the D meson in hadrons

— Reconstruction of the B mesonin hadrons [
+ thesignal box is defined using two variables: -
- |terative method. |AE =FE} - L, -
«  Finally ~1100 modes — ordered by purity.
* In events with multiple candidates, the best one is selected by:

— Looking at the best AE within the same mode
— Looking at the best purity if different modes

Resolution from
o %2 2
MEs = \/Ebeam — Pp beam ener gy
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IHIGWAVI2RYABEHVIESENS

The final efficiency is~0.4% (per bb, . pair)

— ~4000 B/fb
= 1500 BY%bt
= 2500 B*/fb*

(~30% purity) e
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Effect o @uts on thelRecor|

Low purity could be an issue depending on the
analysis.

Purity improves alot once cuts on the recoil are
applied. For instance continuum is removed by
the presence of a high energy lepton.

Entrles/2.5MeV

T EEEEREEEER
e o o o o o o o o o o o

’ 5. 8 5. 2.3
mES(GeV)

L epton request (p*>1.0GeV)

A A | |
525 5.26 527

Continuum:
W before and after
request lepton

with p>L0Gev | = L \
i, | — ~ RLIUMIMIMIMNMN \

52 5215225235245 25526 5275285.29 5.3 5.2 321 5.22 5.23 524 525 5.26 527 5.28
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Semilieptenicliags

Semil Tags

A different kind of tags can be obtained by using charm semileptonic

B decaysB — D I" v X, considering just the D meson and the lepton.
Additional cuts are applied to remove background (for instance cosine of the
angle between B and DI system)

Pro:
B-=-D%-vX ', Higher stat.
— - ot \l
K- e )
K-t 0 \ ./ Cons:
— K-ttt One missing
—— KOt B neutrino
(compared with
hadronic tags)

XO%system: yor =°only candidates
from possible D™y DO y/ = transitions
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RParially RECONIANS

B—D" | v X decays are partially reconstructed Partial Tags

Using the soft & from the D* — D%,

Selected by the following variables:

«  Some preselection cuts on shape and multiplicity
* lepton mom. (p*>1.3GeV)

»  soft pion mom. (50MeV<p_<200MeV)

* lepton-tt Vix probability

BABAR
PRELIMINARY

Signal yield is extracted viaM 2 (mis. mass squared) £ i

tries / (0.2 GeVie®)

=

E

: & 8 B B E B:

D is assumed to be collinear with the soft =

Then: . E.M_
E = M > = M2 =(pp-p-p,)

T

Pro: Cons.

Even higher stat.  Missing v and mesons that ™=
can contaminate recoil side

01/16/05 DanieledefReE(UES)
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Stimmeary en EXpeiimentalSiiecanigues

Partial Tags

Semil Tags

Breco Tags

Method tag sde efficiency purity
No recoil (nhi’my)

Recoil of partially T | DOVX
reconstructed D*|v soft ( )

Recoil of *
BD(™*)InX DO (vX)

Recoll of fully | (%)
recon. B>D(*)X DY X

\ Fully Had. Reco /
mt T

DO

01/16/05

Ul Y(49 Q- LY

\‘--+
T  ——Reco’ed

- - — - Missed (or not reconstructed)
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RecoiNnrSemilepteniciPDecays

Semileptonic
B—oXlv decay

Only one missing neutrino in the event. \ /
" Y(49) v
— system is overconstrained, we can _\—-1_.
|

use kinematic fits 0 "
Typical cuts:

One and only one lepton with p*> 1 GeV/c Possible measurements:
Correlation between lepton charge and B, flavor , ,

Cut on the missing mass; M <2 < 0.5GeV/2 * inclusve B=>Xlv (V)
charge conservation: Q=0 - inclusive Bo>X v (V)
Partially reconstructed neutrino to reject _

B0 -»D* | v events « exclusive B—>(m,p,.)lv (V)

« exclusive B—>DC")lv
It is possible to reconstruct directly X massin

B>Xlv = resolutionin m(X) ~ 300MeV

» exclusive B— D®)tv

Published or preliminary
Future
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IRGC!E Semil eptenic: H@EEXPERSI0RS

«  Heavy Quark Expansions, tool to correct for QCD effects
— Expansion in terms of 1/mj, and a(my,)

— Separate short- and long-distance effects at 1z ~ 1 GeV
» Perturbative corrections calculable from m, m. a(my)
» Non-perturbative parameters cannot be calculated

«  We choose calculation by Gambino & Uraltsev hep-ph/0401063 & 0403166
— Kinetic mass scheme to o@/ng)
— E, moments 0O(a?) ——
~ m, moments O(a) Kinetic O/ ny)

- 8 parametersto befitted chromomagnetic

V| my m BB=>XIv) 2 ud p5 ol

spin-orbit o/ mg)

Darwin

We measure moments of the mass of the X system as afunction

of minimum Iaton enerii‘ E|
01/16/05 Danielede ReE(UESD) 14



ViassMiementsinB=>XIvi(V )

1400F Breco TagS
"200F M
- To eliminate dependence of moments on N@ 000F 7114 Events
uncertain BF and unknown masses of high mass S09F — D, D*
charm mesons we calibrate m, measurement 2 690 : . | highmass
» Calibrate m, based on MC simulation g ‘% charm states
200

— Linear relation between m/™2s and m, " g |
— Validate calibration with excl. B— D(*)[N 2 4 6 8 10 12

my2 (GeV?)
- Moments corrected for detector effects and bkg 3.67
=N
8N\
2
f mydl’ Eos!
M = BB (n=1,2,3.4) <,i Hadronmass | £ ~ |
I moments i

EJ‘ 2.1

. “ slope = 0.799 + 0.007

I offset = 0.256 + 0.016

1t L

mxtrue (GeV)
01/16/05 Danielede ReE(UESD) 15




My moments

4.5 ] T

43

M, (GeV?)

41

[, i W T N N

9.6

9.2

8.8

8.4

e = used, o = unused
in the nominal fit

L1 1 1 1 1

=_ 0.08: \ : 3 :
= 12 [
0.06 \ 1 < n
ML -] -
0.04f _MO 3y -
0.5 1.0 1.5 0.5 1.0
x?Indf =20/15 E, moments

01/16/05

BYN
-0.03F Mg
N |

DanieledelfRe(UES)
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0.5 1.0

Red line: HQE fit

1.5

Y ellow band: theory errors
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HO@IE ERESUIES (Ringtic mass seheme)

80fb-1 Breco Tags

Vy|= (414204, +04,, £0.6,)x10”

By, = (10.61+ 0.16@(IO + O.O6HQE)% 48
m = (4.61+ 0.05exIO + 0. 04HQE +0.02, ) GeV
= i
m. = (1.18+ 0.078)(ID + 0. O6HQE +0.02, )GeV & s6l
,u; =(0.45+ O'O4exp + 0. 04HQE +0.01, )GeV2 = [ ,
= (0.27£0.06,,,+0.03, £0.02, ) GeV° Hadon Al
P 4.4 Moments Moments|
=(0.20+ O.OZeXIO + 0. OZHQE +0.00, )GeV3 (a) : : R
040 041 042 043
pi’s = (-0.09+ O'O4exp + 0. 07HQE +0.01, )GeV3

] 3
36%%%3 |Vcb | (10%)
Separate fits to hadron and lepton moments give consistent results

Considerable improvement in precision for |V | (£2%) and By, (1.6%)
and quark masses (factor of 6), aswell as HQE parameters

01/16/05 DanieedefRe(UESh) 17




IRCEVESSIIEeR ana B cErtalities

Relevant issues |
«  hadronization effects and Fermi motion (b quark mass) Vy, HJA
. non-perturbative parametrizations (Shape Function, SF) b =

affected by large uncertainties.

E,>1GeV

s M, =4.65 GeV

— M, =4.95 GeV

Two approaches to extract [V | and estimate theo. systematics:
1. DeFazio-Neubert paper (DFN), tri-differential

s My=4.80 GeV

— M, =4.80 GeV,

i mb=4'80 GeV,

=1.29
=1.29

1.20
3.60

=0.28

parametrization (E,m,,0?) to extrapolate.

IV | extracted by

B(B— X,v) 1.61ps 4 5 8

V| = 0.00424 \/ o0

x(1£0.028, = 0.039%)
T

7

m?2 (GeV?)

2. g?vsm, approach by Bauer et al. (BLL ). 5 I
partial BR with g2 vs my cut. |V | is extracted using -

V| = 1927° AB(B— X lv;m, <1.7GeV /c’,q° >8Gev’/c')
U 2, G2y G

+ - Our default
C

Dependence on SF (herein G) is much reduced. LEO

Theo. uncertainties on non-perturbative effects are evaluated using ., //ternative—
ASEand AST ellipse from b—sy from CLEO. Belle ellipse as an aternative.

01/16/05 DanieledefReE(UES)
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RGNV M VSHg

80fb-1 Breco Tags

Unfolded m, spectrum and cumulative

6

e S = L L L L L B L L B

o 0

2 7 e BABAR
:; | preliminary
>

—— A" =0.545GeV /¢ AT =-0.342

Unfolded Spectrum
=1

—— " =0435GeV /c% AT =-0.16

: E_ % % » _E 0.1 L AT =0800GeV /¢ AT =-122
4= = 0-{—
- . 0.
F E e R = i,
2F = I I T S - V-
- e BLL = mX / GeV
IE o DFN E . |
0:| AT B B B B B B 1:_ | 7

0 2 4 6 8 10 12 4
BLL=Bauer et al. 2, (GeV /ic?)

DFN=De Fazio,Neubert olae

mulative Distribution
o
®

AB(B —> X,Iv) = (0.88£0.14,, £0.13,,, £0.02, , ,)x107° S *4°
| 0.2- BA|BAR
|Vub| =(4.92+0.39,, £ 0.36,, o« i0'46theosyst)><1o_3 B 4
: % 05 1 156 2 25 3 35 4 45
(using BLL) mX / GeV
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We measured |V | with different experimental inclusive techniques:

g 2-E I(v reco)
463+021_ 1042

stat — exp —

endpoint
394+023 .., + 042,

m ,. (Breco tags)

stat —

m, - q° (Breco tags)

stat —

+ 049

492+ 039 + O.SSEXP + 046

theo

477+028,,+028, +055,

theo

—t—i =
Trimmmm(Jrmmrmei]

|—|—.—|—|
== )=l

—l———

T Jmmmemem]

——
.y,

0 1 2

5 6
IVubl [x 10793]

SF param. fromi
CLEO b—>sy

SF param. fromi
BELLE b—>sy

«  Dominant error from modellization of non-perturbative effects (Shape Function, SF).
+ We measured the unfolded my distribution. In future b—ulv decays can be used

to put constraints on SF parameters.

«  FUTURE: use b—ulv m(X) moments to extract V , and non-perturbative params.

01/16/05 Danieede RE(UESD)
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EXCIRVaieerRandiUncestaities

« primary challengeis calculation of the form factors (containing hadronization
effects and non-pert. contributions)

 large uncertainties both extrapolation to full phase space and
determination of |V |

- different theoretical models predict different g? distributions.

« discriminate among models by a precise measurement of differential BRs.

The differential branching ratio can be related to
IV .| by the following relation

arbitrary units
C
Py
(9}
Q
o

dB(B° > 71"
2 e
dg“d(cosé,,)

- - - Beyer/Melikhov
Ligeti/Wise

= ”sn 8, | (@)

The bigger the integrated region the smaller the
uncertainty on |V |

- Boplv ¢

Recoil approach reduces the extrapolation errors S T b e
since we can use looser cuts! (less background)
01/16/05 DanieedefRe(UESh) 21



EXCIUSIVEN

- Partial Tags: measurement in bins of ¢?(0-8-16Gev2/c?) Partial Tags
Signal yields are extracted by fitting M 2 (v mass squared):
B(B® - 71'v) = (1.46+0.27,, +0.28,)x10™ Breco Tags

. Breco Tags: 9 B — X vmodes: X =n*,1%,p",p°,0,1,1,&", &

Approach similar to the inclusive analysis but resonances are exclusively and
fully reconstructed on recoail.

B(B® — 7z 1"v) = (1.08+0.28,, +0.16__)x10™* (upper limitsfor
n.n’.a,, g, results
B(B® —» p1"v) =(257+0.52, £0.59,,)x10™*

80fb-1 stat In backup dslides)
Partial Tags Breco Tags Breco Tags
o 14 L < sl 1 |
=[O 2 . BABAR S | M.l po - BABAR
- 11'_q < 8GeVv?/ct B{il.m E 7?']5'9”3' preliminary E 7_D5'9 B"— P Y preliminary
] r - preAminary © s BWo-uvn N A 8 I Mo—uviEm |
. L _ = = g
o 10 1 X B % T I+V % |:|b—>clv B _> T I v ?’_ 5_ I:Ib—>clv
~ 5 c
E B '-E L .other E 5? other J:
o C a- N I
ﬁ 5_— | data 4 |= data
af 3 T s *’_|—| -
I 21 —1— 2k r g
o ! == e -h_
S P VY N FY TP FRPUY PO P 0 |- L I— L p — |
32 1 0 1 2 3 4 35 6 . 7 A1 115 12 125 13 .135 14 .145 .15 .155 ,16 0.3 04 05 06 07 0.8 0.9 1 1.1 1.2 3.3
ms GeVic” m(n®)[GeV/cT] m(p*)[GeVic]
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RECONNREEpionIc Decays(@ndiava)

Leptonic
B—tv,vv,Kvv decey

|+
Recoil is useful in the leptonic decays with \ - /:”v
m* STV

many neutrinos but we cannot use
Kinematic constraints anymore

A% \\A
Typical cuts: 50
require the recoil to have
- exact charged-particle content expected Measurements:
for signal e Bo1v

- number and total energy E,,, of neutrals observed  * B—vv

less than an analysis-dependent threshold e B5>Kvv
 tagging efficiencies can be checked by e B>t
“double-tagging”

. . Published or preliminary
«  apply anti-continuum shape cuts Future

01/16/05 Danielede ReE(UESD) 23



[EERLENIG B G ECaYSLOIT Vi VIV,

* Leptonic decays of heavy-quark mesons provide alaboratory

— For testing straightfoward SM predictions: Note helicity
5 - , suppression

B* W G7 M }
u 14
INSM: B(B* — 7 v,) ~(9.3+t3.9)x105 (PDG'04 V,,, f,) fﬂ&fgg%ec'g]
(pred.) B(B" — u* v,) ~(4.2£1.8)x10"

— For searching for non-SM effectsin highly suppressed processes. Some
new-physicsin loops (e.g., SUSY) can enhance these by orders of magnitude.

b W [+ b

) v b v I+ v
d W my d W- R
b Qu I+, v
In SM: B(BO - lu"‘ﬂ—) ~ 8x1011 7L
(pred.) B(B°—> vv) ~zero d ay

(vwviazonly) 17V

01/16/05 Danielede ReE(UESD) 24



+ + '
By analy/SiSi

« Semileptonic tags. ML fitto E,, g o Semil Tags.”
— Congder - — etv, Vr_aﬂd vV VT_ o 14F ... Si(:grgallr;fd.f.lFit()Ct; -
g 149+ e3evems 3ot S| Breco Tags
Background: 115.2 + 11.8 events @ 10 B signal simuiation )
— Significance asasigna: 2.3c (stat. only) £ 2_ b
— Limit (CLs method, incl. syst.): - ak BaBar
BB £ ) <670t 0nCl) ol Pl reliminary

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
- Hadronic tags. event counts Eextra (GEV)

_ Tt +3,7 mt 0y, et — = t branchin effc’ backgr'nd
T > TV, UV, TV, €V V, 1V, Y, 9 y 9

) ) ) ] ez fraction giventag estimate obs

— Signa inkin./E_,,, regions: eoton B0 = T o
15 events evw 784 £0.06 34L01 07£04=01:2 :
Background: pv 17.37£0.06 1.940.1 09+05+0.1:0 }

T 11.06 £0.11 2.6+0.1 1.3£06+02}2 i
17.2+ 21(stat) + 1.3 (syst) events  z-x'n» 0522010 06+0.1 43=1.0=03:4 :

. : L Q- 7 n%v 25414014 20401 10.0+£1.6+13}7 i
— Limit (L-ratio w/ null hypothesis): all R120£022 105502 172 £21F1.3:15

B(B* — 7 v) < 4.2x10* (90%CL)
« Combined limit: B(B* — 7" v,) < 4.2x104 (90%CL) M

01/16/05 Danielede ReE(UESD) 25




+ + ' I A=
Bz vz anel SIS IDEEVAtags

+ Refinement of semileptonic part of analysis | Semil Tags
. . . .
— Tighten t_ag sele(itlon to require cl?an D ) Using (124.1+1.4)x108
- Consider n*v,, t*nlv, n*n v, € vy, and v, v, BB pairs
— Mode-dependent kinematic selections
- Determine signals by counting eventsin E,_,, regions Validations
— Signal efficiency, E_.:
Mode ey, | vy, | v, | T, |ttty . Doubletags
BGInd. 1 155131| 81421 |553+7.4|208+51|251 434 | Backgrounds
systematics « Control samples
Observed 13 10 72 30 26 with extra tracks

(Signal MC scaled to BF=103)

Resullt:
> T - .
3 25 ;;n-risonandc:Datls\l ABAR | 8 | on-resonance IDat? B(B+ % ,Z-+ VT) < 4.3X 10‘4 (gO%CL)
% 20 ackground Simulation reliminary % 40_—Background Simulati ]
M~ =u Signal Simulation N~ [ == Signal Simulation . . =
S 15 J( S 30 Combined with hadronic tags:
£ g + £ 50 (independent, 88.9M BB)
o | Q|
g R B(B* — 7" v) < 3.3x10" (90%CL )
0(; — J (; (‘)5 ----- e : 1-: 5 Also recall (PRL 92, 221803, ’04)
E.. (GeV) for e v v selection | S (GeV.) for 70V selection BaBar B(B* — " V/,z) < 6.6x10°

01/16/05 DanieedefRe(UESh) 26



B Anvisiol el vavazanaly/sis

Semileptonic tags only: B® — D®)*-y (D** — DO 1t*) Semil Tags
Require “nothing” in recoil: no charged tracks, limited neutrals

_ _ _ BB pairs used:
- Signal obtained from ML fit to E_,., (KEY S shapes from MC): (88.5+1.0)x10°
- Vv E . a) l Signal @ Background
> Signal: 17 + 9, background 19 * {° events 2
- 2 Signal Background
— Vv VY: Vv V_'g L Shape LShape
>Signal: —1.1 * 24, background 28 * 8 i , .
» Upper limits:

— Systematicsfor vv(vvy):
»Additive: 7.4 (4.3) events v
> Multiplicative: 10.9% ( 11.1%)

— Frequentist limit-setting procedure
» Systematics taken as Gaussian

L 0 01 02 03 04 05 06 07 08 09 1
B(B° — invisible) <22 x 10°(90%CL) Eextra(GeV)
* Depends on constituent quark model

B(B°—> vvy) <47 x10°(90%CL)* for Dalitz plot shape
(Lu & Zhang, Phys. Lett. B 381, 349 (1996))
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BIEECASTOKI 55 ViV

« Motivation

— Theflavor-changing neutral current decays B — K/nt* v occur in the

Standard Model via one-loop radiative penguin and box diagrams:
- | 24 | 24

— SM expectation: B(B* >K* 1) ~ (3.8 %) x 106, B(B* >z vv) ~ 2.8 x 107

— Thelr analysisistheoretically very clean; observation of these processes
would be complementary to the observation of B — K®) [*]- and will helpin
understanding the basic Standard Model physics of such diagrams.

— These also present another opportunity for the observation of new-physics
effectsin the loops.

01/16/05 Danielede ReE(UESD) 28



B> K vavzanalysis

- Uses tags of both types Breco Tags Semil Tags
_ S ' ion E . . .
Signal obtained from E_,./px region Egytra hadronic semileptonic
>30F > | BaBar
Tags Hadronic | Semileptonic O [ @ 20k preliminary
8 20k S ‘
Background events 30411 3.4+1.2 S S F
(incl. systematics) A (non-peaking) £ of. £10
L% H_e*' BaBar L%’
Signal events 3 6 W[}, preiminary L
% os™ttr s O .
Eextra (GeV) Eextra (GeV)
— Pk dashed: signal MC (arbitrary scale)
5 g‘lt( o L) on 6.2x10° 7.0x10° S &F BaBar | ©15f BaBal
(B* - K*vi) % ! | preliminary E prefimingry ;-
o 4f 2 10F + N
- Combined limit; 5 of 5 st el
B(B* > K*vy) <5.2x10° (90% CL) 2 e N 2 0:.--:-‘. STt
— Change PID requirement; use only hadronic analysis: _
B(B* — n*vy) < 1.0 x10* (90%CL) BB pairs used:
(88.9+1.0)x10°
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Stimman/ e ltepteniciDecaysi@ndiiva)

 Upper limits on branching fractions of several rare leptonic and/or FCNC decays
of B mesonsuseful as ...
— checks of basic predictions for weak decays of heavy-quark mesons (e.g., fg), and
— probes for new physics beyond the Standard Model

+ These decays have not yet come into sight
- . vvy
(absent in SM) . vV
- . Ty
- . K*vv

08 189 1909 108 107 106 105 104 103
but some are now within an order of magnitude or less of the SM expectations....

« Some of these will very likely be observed in few years from now...

01/16/05 DanieledefReE(UES) 30



RECONNIANE AAFERICIDECAYS

Hadronic
B—>DX decay
In principle no neutrinos in the event.
Full event reconstruction could be done but \ DO
too low efficiencies. n Y(49) - )
Inclusive approach used instead. NN
Tt \\ *
DO ‘

Typical approach:

* reconstruct exclusively a meson Measurements:
_ charmed (DO/i(*)or DS(*)) o/
+
— charged pion or kaon DB DR (BB

* Measuretheinclusive BR (i.e. BR(B—DX)) by e B> DY+ **) /K
normalizing to the total number of fully X X
« B>DY*"X, B>DMX:

reconstructed tags
...0r ... study of missing mass
« Study inclusively the missing mass of the event
(measuring BRs, checking for new resonances) Published or preliminary

Future
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nclusvechardm

Hadronization models (Heavy Quark EXpansion) ... e piess:oos)

Buchalla and Dunietz, PLB364(1995)

predICt averwe Charm mU|t| pl I CI ty Neubert and Sachrajda, Nucl.Phys.B483(1997)]

In B decays, n.~ 1.2-1.3

We define:

« Flavor correlated charm S
production from dominant W
b—c transition @
X, =D",D° D:,A.Z,, (cC) B-@ ©

u u

N, =28(B™—= X.X) \
XC
* Flavor anti-correlated charm

[charge-conjugation

roduction from W- — ¢s’ dec —
b id . NC U I\% implied everywhere]

X.=D",D%Dg,A_,(cT)

/

01/16/05 Danieede RE(UESD)

N, =>3(B~ —>X_X)
Xe
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nclusve@harm

Né-mu_l 0 el AR | T T |- glm-
Breco Tags 3. D 1 (57
Data sample: 89 million B pairs §= R

E%TWT!:;EE is 'i.é_s'z'i.él'i.gés'- Cli!?'ﬁ'f.'li"s' 5 L2161 6L 88 19 o9 191106
LI near bkq: %:E: D+ : r%mﬁ
combinatorics / g, 118 5
Blue-shaded areas. — | F . i MEW =
' @ o Slgn 1]a } >
true charm particles e t J62i29 1174 2
from baCkground Of g Ol L8 185 18  L95 o o
o p— — 5] T =
misreconstructed B o e ] s
- N Il =
8 : =
S S = B =
N : - 27 N
* Significant production of m g 1 o
correlated DO and D* TR TR
* D, correlated : g
production small. S |3
Anti-correlated dominant. S =
22 2325 2.3m332‘3\;a‘ﬂc§;- 22 225 2.3ms: (J;a‘”‘;;-
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nclusive Charm: Results

e using

BB~ —>E,X) =38(B~ >A. X) - BB~ >AS A K)
=3B —>A; X)

* neglecting a(B- -=, X)
» using B(B- —(cc) X) =(2.3+£0.3) %
We get
N,  =0.983 £ 0.030 +£0.046 053

B- N, =0.330 £0.022 £0.020"0%!

C
n,” =1.313 + 0,037 +0.06270%

C

N.” =1.039 +0.051 £0.04973 %"
BO N.° =0.237 £0.036 +0.012'9%
n.. =1.276 +0.062 +0.058"5 5%

* No evidence of B- A A, K
» First measurement of D* _correlated
» Sizeable A production

01/16/05

xC
[Do [793+25+4020,, | 98+09+05%2,,
D* |98+12+1208 | 38+09+04°2
D*, |05£06%02°2,, |143+16+15%9,
<2.2 a 90% CL
A*, | 3520803735 |29+08+03"

DanieedefRe(UESh)

XC
DO |51.1+31+25%3 . | 63+1.9+05%2 ,
D+ |39.7+30+28%28,. | 23+1.8+0.3"2,
<5.1at 90% CL
D*, |39+17+04"3,, |109+21+08%8,,
< 8.7 at 90% CL
Af, (492172048, |20+£12+£0207,,
<3.9 at 90%CL
34




FUTURE
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WY
q » ~  SM prediction:
~ B(B® —» " r) ~3x108
S 1 ©..but...
d W ~ Potentia enhancements up to 10°
b @z _dueto new physics
) No published experimental UL
d ! T

Very difficult measurement

« ~2/3of theB® —» 7*7 events contain at least one K
« Many neutrinos, large missing mass

This measurement is possible only on the recail

01/16/05 DanieledefReE(UES) 36



« Channel sensitiveto new Physics

* Presence of large missing mass tags these

events

» Lots of advantages in studying this channel
on the recoil (nice miss. mass resolution, No
BO-B* crossfeed, direct reconstruction of the

hadronic mass)

140

120

100

R0

60

40

20

0 2.5 5 7.5 10
mm? ((3&:\1’:’(:2)2 (signal)

8000

7000

G000

5000

4000

3000

2000

1000

0

0

cED.
Eil:

BG

PRI

A N PR

2.5 5 7.5
2 2.2

mm~ (GeV/c™y (BG)

10

10
BR(B — Dzv) tan f = 50
BR(B —» Duv)
0.6
tan p = 20
0.4
SM ! s =
0.2 —
tan = 10
0.0 . . . . .
50 100 150 200 250
My (GEVfC’Z)
Decay modes:
DO— K-7* 4%
— K7t ° 13%
> K 7%
—> Kmtrntm 4%
— K7 1%
— Kt 2%
— Kt 2P 4%
Total 35%
T STV, 11%
—> PV, 25%
Total 36%

01/16/05 DanieledefReE(UES)
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PERSPECHVES O B=>XaY

Breco Tags

An interesting application — -
isin measuring b—sy branching Do .

® \vc

ratio and photon spectrum. ~250 fb-1
It presents many advantages

with respect to the fully inclusive _ M .
approach: I

B 18 2 2.2 1.6 1.8 2 22 24 2.6
*Estar [G eV Estar{GeV)

1)  Continuum is subtracted by fitting mes in the reconstructed side

2)  Exact boost in the recoiling B meson rest frame — no smearing due to the
B meson momentum in the Y (4S) frame

3)  Perfect tagging. Y ou can distinguish between B%-BS, . and B*-B
4)  You couldin principle separate and measure dy contribution
Assuming an efficiency of 50% in the recoail:

Noyen/fD1 = 3:104% 4-10%fb1* 0.5=06/fb > 600ev.in1 - ab

B.R. NBreco. Eff..
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SIUEN G IMESSIFECON NG LoIaT s

Breco Tags

« Pick up atrack on therecoil

« Reconstruct the missing mass as difference
from the Y (4s)

(P(X)=P(Y (4S)-P(Breco)-P(n))
 Extract BRsforB— D,D*,D"'n

Advantages

Events / ( 0.02 GeV/c “)
g
|

« Clean way to study and measure the

decays to excited states (B— D" ) i\ el WL
« Small systematics (no intermediate BRS) o 2'2,,,:; (Gzﬁw,f '28)
« Possibility to study ratio of BRs with

negligible systematic uncertainties
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Studyreixemassiecollingiterapile©

« Exclusively reconstruct charmed meson

« Reconstruct the missing mass as difference from the Y (4s)

(P(X)=P(Y (4S))-P(Breco)-P(D))
« Apply kinematic fit to improve the
resolution of Mx
 Extract BRsfor B»D*%")D_D.",D J

Advantages

« Small systematics (no intermediate BRS)

«  B—->D*0() D J with no assumption on D J BRs

« Possibility to study ratio of BRs with
negligible systematic uncertainties

» Check for possible new resonances

01/16/05

DanieledelfRe(UES)

Breco Tags
B D.D,(2460)
D.D, (2317)
_ m DD .
300 = B:gf D S
B Dp
all bkg
250 peper - a7 4~ 32 Ds
D'Ds= 271 +- 26
i mﬁs = 257;- 33 Ds‘]
200_3'3;1(:2311'(2)5:!-173 EI- 18 H
| D*DsJ(2460)= 108 +- 23 + *
150 wn# M
100 wﬂi
!
B &W t
50 #*‘i#
L Mim' L
D_M*-""
0o 05 1 15 2 25 .3
MY [GeV]
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(ERanal\/sesy;

Time dependent CP analyses? Lots of advantages:

1.

2.
3.
4

Very nice vertexing (usual is 70um&®180um — 70um&70um)
Almost perfect taggi ng breco  tagging breco breco
BO-B* separation

Y ou can have an inclusive reconstruction on the recoil side

Possible exampl es:

BO>Xgy 277?

Direct CP;

01/16/05 Danieede RE(UESD)

Possible example: B* — DYK* ??77?
L reconstructed inclusively to enlarge stat.
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VWinehtimrnesiy A thenext\earns?

-~ 100,000 _
) Conservatively
2 lab?!
2 10,000
£ Belle+tBaBar
§ 2007
= 1,000
5
=
¥ 100
=

=
o
|

00 02 OZW 06 08 10 12 14

Year ........................ >

today SuperBFactory
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SliperEiDEECioR Prepesal

e Possible upgrade of BaBar detector:

CURTAIN WALL

=

BARREL FLUX RETURN DEWAR - ’*
PLATE SEGMENTATION
(9) 20 MM THK PLATES
(4) 30 MM THK PLATES ‘

(3) 50 MM THK PLATES
(2) 100 MM THK PLATES

[ RESISTIVE PLATE CHAMBERS IN GAPS
(19) PLANES IN BARREL
(18) PLANES IN END DOORS

‘ ‘ SUPERCONDUCTING SOLENOID

k]

|

* |FR upgraded
(ongoing)

-+ New EMC - liquid Xe

T ¢ New tracker

- Two inner pixel
layers

- Seven(?) thin
double-sided
Si-strip arch layers

* New DIRC(s) with
compact readout

| e

——TT, TT

Emphasis on high segmentation, fast integration time, radiation hardness

01/16/05 DanieedefRe(UESh)

43



SUImmarRy en SeasitviLy,

* Xdv X v
ow 10 ¢ : . ‘ .
5 : indl Dtv
i - —incl. X_Iv Loy
% B = incl. X Iv
- 103= ............ w70 |y -
c — T Y i
N DTV
[ Kvv
: T TV
10 g
10 5l
: SuperB
1 e : e,
1 19 10 19 umi 10"

*These numbersdo not consider S/B (just N eventsfor areasonable set of cuts)
**Some of them use mor e than one type of tags. If not, they could beimproved
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EONCIUSIeRS

» Recoil approach provides the best environment to perform

analysesin different fields:
— Semileptonic Decays: inclusive and exclusive V . /V , Dtv, ...
— Leptonic Decays. tv, vv, 11, K/tvy, ...
— Hadronic Decays: inclusive charm production, study of missing massin
B—DX decays

- BaBar published already many new results using this method
(6 publications and lots of preliminary results).
~all statistically limited

«  This method will be crucial in future when larger statistics

will be collected by BaBar and in particular if a
SuperBFactory will be built.
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BACKUP SLIDES
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: 2
RGNV S VS

Extension of the already published result (PRL92,071802). | Breco Tags

» Recoil selection and reconstruction of X system:

One and only one lepton with p*> 1 GeV/c

Correlation between lepton charge and B, flavor

Cut on the missing mass. M > < 0.5GeV?,

charge conservation: Q,,;=0

Partially reconstructed neutrino to reject B —D* | v events
kinematic fit (2-C): improve hadronic mass resolution
Kaon veto

« Systematics due to lepton ID and tag normalization reduced by measuring

aratioof BRs R, = B(B > X,Iv)
B(B - Xlv)

« my <1.7GeV and g>>8GeV? using the approach by Bauer et al. Dependence on
shape function parameters is much reduced

This approach and sample have been also used to unfold the m, spectrum.
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01/16/05

Eventis/Bin

Events/Bin

— >
IREUSVET My anaimVsig

Breco Tags

AN R A R T - R R TR T

M, < 1.7 GeV/c* @ 160 + 1.7<M,<22GeVic® -

0 2

S BABAR -

u=j preliminary r

100 3

80 =

60 =

40 =

20 =

0 I....I-..-I:

0 5 10 15 20 225 0 10 15 20 225
q° (Gev'/c?) q° (Gev'/ic?)

SN I B L I c 90F L L

& 22<M,<28GeVie® @ gf 28 <M, <5.GeVie®
3 o 60F B b— ulvIN E

40 3 - O b — uly OUT E
] = [ b — clV + other :

30 - 40 e data =
20 = = E
] = :

= E 10 + =
0-. .|...,|....|....|....| 0:.... Lnnnonl | I3
0 3 10 15 20 2’22 0 10 15 20 22;.5
q° (Gev'/c?) q° (Gev'/c?)
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lRclusverUnieldiEad VIiass Speciiim

m, spectrum can be converted in a universal Breco Tags
variable by unfolding detector and selection effects.
-1
relationship between measured and true spectrais: 80fb
I I - Eo.
wh h I respon 5
Xmeass = N Xtrue erle MSt © det_eCtO §p0 Se a 0.3- Eﬁjﬁ‘g
matrix, in generd is non-invertible. g
o 0
§0.1 g
Unfolding method is based on procedure D“—‘t
specified in hep-ph/9509307. Y |
005 1152253354 45
Systematics effects are properly taken into account. ; s |
First and second moment of the b—ulv my Z 0.8
distribution are extacted: - o
Mxg (GeV/c®) M o(M) Correlation 0sat  Odes Osig \/ U‘Ekg‘l‘ 0P s 3 0.4;—
M, 1.86 1.363 0.089 0.063 0.023 0.018 0.039 0.2- BABAR

preliminary

M; 1.86 0.143 0037  —0.824 0027 0010 0.006 0.015 _
My 5 1.602 0.244 0.150 0.075 0.061 0.142 O 05 1 15 2 25 3 35 4 45
M; 5 0271 0.095 0782  0.048 0.036 0.022 0.069 mX / GeV
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EXCIUSIVET BES AT 05 @511 5c) 1 V.

9B — X | vmodes are studied:
X =ntnp%p% ,omn’,g)’, a*

Resonances are exclusively reconstructed on the recail.

Similar cuts as for the inclusive my analysis, such
as p*>1GeV and miss. mass squared of the event.

Further per mode cuts to regject b—c and
crossfeed background are used 80fb-1
<+ 450 < L
% a0 [Jons PABAR | 3 7 oo BaBar
= 35}.b_’U|v(°th) g 6 .b%ulv(oth)
E 302_|—|b_)0|v . ‘ % B |:|b—)C|V -1
E 25i.cther * a | .[,ther
20: + data ‘ 1 4? « data — [ |
T iy T
10f- 2_— ——
LR ] L
ULJ_J;.ii T_z_._ll__._m_.-_n_ ol A -

0
A1 115 12 125 13 .135 .14 145 .15 .155 16

4, B 2 48 2
mZ, s () [GeV /e m(n)[GeV/c]

Breco Tags

Mass(MeV) | Width(MeV) | Decay modes
v 139.57
v | 13498 v
ptlv 775 150 ot
p'lv 775 150 ot
olv 782.6 8.5 0 (89%)
il 957.8 m’??%(f?ﬁ@,)
v 985 50 100 nrt (~all)
alv 985 50 100 nn’ (~al)
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EXCIUSIVET BES AT 05 @511 5c) 1 V.

Similar approach to the inclusive analysis but

resonances are exclusively and fully reconstructed on recoil.
We measure:

B(B° - 71%v) = (1.08+ 0.28

stat

B(B° = p1"v) =(2.57+0.52

B(B" — nlv) <1.2x107*(90%CL)

B(B* — 7'lv) < 4.5x10*(90%CL)
B(B* — a%lv)B(al — 77°) < 5.3x10*(90%CL)
B(B* — a’lv)B(a; — nz*) < 3.3x107*(90%CL)

syt

+0.16_,)x10™
+0.59

Stat —

)x10™*

Breco Tags

These two results make use of:
B(B° —» 7 1"v)=2B(B" —» 7% "v)
B(B° - p1"v)=2B(B" = p°l"v)
B(B® — p%"v)=B(B" = wl'v)

Systematics are dominated by MC statistics.

L arge systematics due to non-resonant
contribution in B — plv.
Theoretical systematics are small (~ 4-7%)

L 45_ & N Y 8 | [
S . BABAR 2 BABAR S [ M.lRo —1+.,|BABAR
EL‘IU:—DS'Q”H‘ preliminary E 7__|:|5‘9”a' preliminary E 7_D5'9 B —>pP v preliminary
10 35;.b—>uIV(0th) | © s .b%ulv(oth) 8 r .b—)ulv(ih) ‘
8 r = L 0 T gL
E o =% B > 2ly ‘ : BB B ">z'l'v % oo
E 25;7.0'[her ‘ ‘ w L .uther o 5__.other
L e data ‘ . A e data —— ] 4 | data B
20 - i |
151 ﬂJ : —1] Sl 1
-y 2_ Il
Wi i 1 =si
5_
- ! | ==
80fb S, -1 1 T 0 |. . — £ - —
-2 0 2 4, 6, .8 A1 115 12 125 13 .135 .14 .145 .15 .155 ,16 0.3 04 05 06 0.7 0.8 0.9 1 1.1 1.2 3.3
Mines(T7)[GeV /cT] m(n%)[GeV/c"] m(p*)[GeVic']
01/16/05 DanieledefReE(UES)
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ResulisH(B07io:)

B*—>nllv BO—ptlv
Wt <7 8F 0 + . 4
E 7_—Elsigna gélgﬁfry E 7_ I:ls'\gnal gggﬁgw B(B —> T I V) — (O.89i 0.34$a1 i O. 12$,§) Xl
© gL L|b—uivoth 8 | | |ooulvihtn
;g ° Dbac\v 1 % sij»clv( )_.._
'-E 5__.0ther E 5
4__ * data 4 0 4
| ) B(B' — 7°Iv) = (0.91+0.28 , +0.14__)x10
2 ol
‘ U
!I,1 115 12 125 13 .135 14 .145( J)T:G1\5¢'? 2;5 8.3 04 05 0.6 0.7 0.B D9 1rn(|'_:+-)1[G;€'c;]-a o 4
B(B® - p'lv) = (35+1.1,, +0.7,,)x10"
B*—p°lv B'—>olv
o o 7 L
% 1ol [Jeerw gﬁgfﬁfw 2 I [Jsianal Egigﬁgry
‘8_ i lbaulv(ﬂth) 2 .b—)u\v(uth) _A
E 5_ Dbaclv T :E' 5 Dbaclv BE B(B+ % " po ! I V) = (]"04i 0'39331: i 0'16W$) Xlo
E sllm er I.E 4 .other —e—
|l = data [ e data
i 3 ||
2
L T —4
J( | B(B" — wlv) = (1.26+0.55,, +0.24_)x10
L | I|—I | |
8.3 04 05 06 0.7 08 09 1 1:!'1 1.2 1.3 0 0.1'35 0.7 0.115 0.8 0.85 l:)lg2
m(p ) [GeVicT] m(w)[GeV/c']
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Hest|fis (S0fot)

_ Bionly Lo BN BB ) = (0394041, £0.22,,)x10°
: - [Jsiora pr elimiﬂfry 3 [Jsona prgimﬁe{ary
8 4_5134 o) i o Mo = B(B" — 7lv) <1.2x10™(90%CL)
8 bl £ [ ]beon
g gl e & 6 [ orer
- 1 I B(B" - 7'lv) = (27+12,, +05_,)x10"
T 2 = B(B' = 71'lv) <4.5x10*(90%CL)
®0.46 0.48 0.5 0.520.54 0.5 058 o5 08206 $850.80 09 0.920.940.950.98 1 Leztoasoe ) ; ; o
20 I B(B" —>a,lv)B(a, > nr’) =
—at,| v
T paae | 70 0 BBl (27+14,,+09_,)x10™
3 1 — B(B* - allv) < 5.3x10™(90%CL)
g 2|
il B(B" > 8)11)B(a; —>77°) =

- pR d ,
1 L (0.7+16,, +0.3,,)x10

Seosomasns 1o aae SR eI OeE Ug BB - a'ly) < 3.3x10 (90%CL)
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Vin meastementsiwitirsasar

Small statistics

method S/B | Pros&Cons |V, (x103)
gor B Untagged inclusive -g|gh|.:tatlsl't;c?
2, «Duality valid for 4 n
B 4 \ Electron spectrum endpoint 0.05-0.2 tight E, cuts? 3.94+ 0'23€XD — 0'42th60
) E,>2.0GeV ,
2z a2 ooueoo e 30| Total rate using f, from CLEO *Bkg subtraction
5 n P | a3 Untagged inclusive *High statistics
5 200 sLower syst. on +0.62
§ o0 m E. vs g% and neutrino reconstruction ~0.5 shape functions 4.63+ 0'47exp—0.36theo
gl E.>2.0GeV and s,<3.5 GeV?/c* ,
PTfE ¢ e | Total rate using DeFazio-Neubert *Bkg subtraction
?5100 T O Breco Tags inclusive «Low background
- *High resolution 0,69
is (1- ~1. - 4.77+£040, "o
mxgl”ggsci S/llce) 1.7 -Low statistics ep-0.45theo
«<1.
o 1 2 3 4 .5 | Total rate using DeFazio-Neubert *Shape func. syst.
%En‘ | ‘ M1<Il.7 GeVllcz ‘ °
: j Breco Tags inclusive Low background
o 2 el 2 *Very small syst. 4924053 046
B My VS g~ analysis on SF param. LT U095, T U.A0y,
d m,<1.7 GeV/c? and g >8.0 GeV?/c* P o P
"os e wou |V, using Bauer et al. *Small statistics
N:%T 7}‘15'9' E;iminary .
TR Partial Tags *Very small bkg
E % Eower H .
. Breco Tags exclusive 1—20 | +~nocutonkinem |ggo_, 71+) = (1.22+0.26)x10%)

01/16/05

4 145 .15 155 16
m(n*)[GeVic’]

Total rate using Form Factors calc.
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01/16/05

Vs meEasEMELS

ALEPH

4.12 £0.67 £0.71
L3

570 1.00 £ 1.40
DELPH1

407 £0.65 £0.61
OPAL
4.00£0.71 £0.71

O

Q

CLEO (endpoint)
4.69£023 £0.63
BELLE (m, - Q')
4751046 046
BELLE (endpoint)
446 £0.23 £ 0.61
BABAR (endpoint)
4401 0.15+0.44
BABAR m,
5221038 £0.44
BABAR (my., Q)
5.18 £0.52 £0.42
BABAR (E, Q')
499 +£0.34 £0.51
Average
469044

HFAG

¥ /dof =4.7/ 6 (CL = 58.8%
T | T

-i--}-------

1[

>

e

.-------------...--

2

4

DanieledelfRe(UES)

36
V| [x 107

55



ConRcluSERSIorEXCIUSVEIDECAYS

We aso developed novel methods to measure EXCL. CHARMLESS
decays:

- Breco tags: B(B° — 7 1'v) =(1.08+0.28__, + 0.16.) x10™
B(B° - p1'v)=(257+0.52_ + 0.59 ) x10™

Stat

- Semiltags.  B(B° >z 1'v)=(1.46+£0.27,, +0.28_,)x10"

Stat

AVERAGE B(B® - 7z 1'v)=(1.22+0.19,, +0.18_,)x10™

Stat
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B vaz Vletivatiens

» B° — invisible (+ gamma) is unmeasured, sensitive to new physics

% Several new physics models predict a small but significantly nonzero branching fraction
for B® — invisible

» Dedes, Dreiner, & Richardson hep-ph/0106199

(SUSY model, attempt to explain NuTeV anomaly, B(B° — invisible) = O(10))
» Agashe, Deshpande, & Wu hep-ph/0006122

Agashe & Wu hep-ph/0010117

Davoudiasl, Langacker, & Perelstien hep-ph/0201128

(Large extra dimensions, B(B° — invisible) = O(107))

» Diagrams (in SM):

- L
E:
- L

W

» Can be measured via reconstruction of tag-side B + “nothing else” — this analysis
uses semileptonic tags.

Olﬁ)

®)C

m ('g)
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BeamsinraSupes

Super B-Factory B-Factory
Beam e+ e- e- et
E(GeV) 8.0 3.5 9.0 3.1
#bunches /7000 800
lifetime (min) 7 5 200
Current (A) 10.3 23.5 1.0 1.8
B*(mm) x=15/y=1.5 x=450/y=10
Emittance(nm) X=44/y=0.44 40/2.5
Beam spot (um) x=81/y=0.8 x= 147ly=5
Tune shift 0.10 0.07

01/16/05
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e Reaching 1036 implies that a series of issues have to be faced:
» Higher beam currents, stronger focusing, continuous injection
» Increased background and higher rates for detector
Radiation damage

High occupancy

SVT Dose 7 Mrad/yr *\ DCH Occupancy >100% *\

S— Occupancy

8000

Luminosity X l
=== LER 1
mEmm  HER
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e Super BaBar detector designed to have sufficient granularity to
deal with the high occupancy
However, some issues need investigating
»tracking efficiency and fake tracks
» calorimeter resolution, fake photons, ability to veto piO, etc
» particle ID performance
> etc

| studies yet to be performed
e Some detector R&D is needed for:
»thin (100 um) Si detector and low-power electronics
» small-cell drift chamber in high radiation environment
»focusing DIRC with pixel PMT
» choice of EM calorimeter: liquid Xe vs. (fast) crystals
»technology for muon ID
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BaBar+ | SuperBaBar | SuperBelle| LHCb | BTeV
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that were used to stir the discussion
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