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BABAR Physics Goals

. Perform comprehensive set of measurements of CP-violating
asymmetries in B meson decays. Test the SM and search for CP-
violating amplitudes from processes beyond the SM.

. Systematically map out the new territory of rare B decay
processes, including all that have sensitivity to new physics. (Also
probe new physicsint and charm decays.)

. Measure the rates for all processes that can be used to extract the
magnitudes of CKM elements and other well-defined theoretical
parameters.

. Perform detailed studies to elucidate the decay dynamics and
spectroscopy of particles containing b or ¢ quarks.

. Perform studies of other accessible physics processes allowed by
the broad acceptance of the BABAR trigger: t-lepton physics,
physics utilizing ISR processes (including R-related measurements
at low energy), searches for new states such as pentaguarks, etc.



Publications: BABAR vs. Belle
(published or submitted)

BABAR Belle
<2003 34 54
2003 47 28
2004 (Junel) 16 10
Total 97 92

BABAR papers arelabeled according to the date the paper goesinto 2-week
Collaboration Wide Review (CWR).

At time of Jan | FC meeting: 75 (BABAR) vs. 77 (Belle).

Analysesnow in CWR or FN/FR: (1) B> fo Ks, (2) B2>K*g, (3) B>D*In:
Vcb, (4) B->tn , (5) B> ap X (charmless)

Other papersnearing completion: (1) B> K>*(1430)g, (2) B=>D*)Dg;, (3) B>
JIy Kp: cos(2b), (4) B>D*D* and related modes

GOAL : submit 100t paper by the July collaboration meeting!




Some recent physics highlights - June 2004

B->r*r-: 1% observation of mode; demonstrated that polarization is almost
100% longitudinal - CP=+1, not a mix. (PRL accepted.)

B-> r*r-: 18 time-dependent CP asymmetry: presented at La Thuile and
Moriond. Since G-Q bound is 13 degrees, this measurement provides a much
better constraint on a than B> p*p-. Bellehasnot yet produced a branching
fraction measurement. Submitted to PRL.

B-2>Ksp?: 1% time-dependent CP analysis; b measurement using beam
constraint to get B vertex. Submitted to PRL.

B2>K*0 (2>KspY) g: 1% time-dependent CP analysis of an electroweak penguin
mode. Submitted to PRL.

B->10(980)Ks: 1 time-dependent CP analysis (b) and observation of new
mode. PRL draft in Final Notice.

B> Jiy Kp : 1 ambiguity-free measurement of cos2b and strong phases
using s-wave Kp interference with p-wave (K*). Preliminary result presented
at Moriond EW. PRD in progress.



Some recent resear ch highlights- June 2004

|Veo| from inclusive B decays, hadron spectrum moments, lepton spectrum
moments. 2 PRDs accepted and 1 PRL submitted. Uncertainty on |Vw| IS
significantly reduced.

B->f Ks, B> f K.: final Run 1-3 result, submitted to PRL

B2>K*K Ks with m(K*K") above thef mass (sin2b measurement consistent
with B2>J/ Ks). BABAR and Belle agree abovethef mass! PRL
submitted.

B> hw(4.3s),hh,hh’,h'h’,hf,h'w, h'f ,ff : PRL submitted.
B->D(Kp) K (Atwood Dunietz Soni method) —limit: submitted to PRL

Observation of X(3872) in B> X(3872)K; presented at Moriond QCD, PRL
In Final Notice.

Observation of DsJ(2317) and DsJ(2460) in B decay. Presented at Moriond
QCD. Several new modes observed. PRD in preparation.

Angular analysisof B>f K* preliminary result presented at Moriond.
Mystery of the very low longitudinal polarization (52%) compared to other
B->VV modes. Will be updated with Run 4 before publication.



Current analysis status- June 2004

Research highlights, continued
B> h'(K*,r, p9)+(w,f) p°: PRD submitted
B> XsI* I": PRL submitted
B> Xsg direct CP: PRL submitted
B->K*g branching fractions and direct CP search: PRL in Final Notice.
B-> ao (K, K p): now in CWR
B> Kp*p : preliminary result

New resultsfor APS! B> ppK; B>wr, K*w; B>f g, 1% resultsfrom
pentaquark sear ches.



Other recent physics papers

B*=>h p*, h K*, B%>wK® 1% observations: accepted

Color suppressed B decays: B=>D*%h, D*%w, D°h' 1%t observations:
accepted

B—2>J/y h K 1% observation: submitted

DGand CPT limitsfrom B>J/y K°: PRL and PRD submitted
sin(2b+g): inclusive & exclusive B->D*p: 2 papers submitted
B-> p p search accepted

t =23 leptons (limits): accepted (Belle paper followed)

Ds(2458): accepted

Mass and width of Y (4S): submitted



BABAR Physics Planning
Fall 2003/Winter 2004

CKM Angles, Recoil Workshops t, Vxb Workshops  Spectroscopy workshop:
charm, charmonium,
pentaquarks —M@y

. PAC/Convener
Stage 1 Review Stage 22BAIS [ Vetings

AWGs, Conveners, Physics Advisory AWGSs, Conveners
PAC Group (many new), PAC

« BAD 736 « BAD 780  Enter active & summer 2004 analyses

in BAIS
Fall Physi cs Harvest Winter Conference Prep
AWGS, Conveners, AWGs, Conveners, PAC, Pub
PAC, Pub Board Board, Speakers Bureau; see
links on BABAR home page

& Physics page.

Sep Oct Nov Dec Jan Feb Mar




Physics Organization: Working Groups

Physics AWG

Conveners (new since Sep 03)

sn2b/Mixing & Lifetime

David Lange, Owen Long

B decaysto charm final states (Breco)

Vivek Sharma, Wouter Verkerke

Charmonium

Enrico Robutti, Denis Bernard

Inclusive Hadronic B Decay (IHBD)

ADbi Soffer, Sergey Ganzhur

Charmless 2 Body

Gianluca Cavoto, Carlo Dallapiccola

Charmless Quas 2 Body

Jim Smith, Adrian Bevan

Charmless 3 Body

Andreas Hoecker, Yibin Pan

Radiative Penguin

Jeff Berrvyhill, Jim Libby

Exclusive Semileptonic

Franco Simonetto, Robert K owalewski

| nclusive Semileptonic

Riccardo Faccini, Vera Luth

L eptonic Steven Robertson, Gregory Dubois-Felsmann
Charm David Williams, Antimo Palano
Tau/QED Mike Roney, Eric Torrence

Inclusive Hadronic Particle Spectra

Blair Ratcliff, David Muller




Tools Group Conveners (new since Sep 03)
Generators Abi Soffer

Particle D Thorsten Brandt, David Aston
Neutrals Vincent Tisserand, David Payne

Tracking efficiency task force

Thomas Allmendinger

Tracking [in computing]

Wouter Hulsbergen

Tagging

David Lange, Gabriella Sciolla

Pentaquark Task Force

Pat Burchat, Valerie Halyo

Physics Softwar e M anager

Chris Roat=> Chih-hsiang Chen

Data Quality Group Coordinator

ChrisHearty—> Walter Toki

Data Quality Group Deputy

Walter Toki—->David Hutchcr oft

Publications Board (12 members)

Chair: G.H. Monchenault-> Robert Cahn

Powerful physics organization

« AWG Leadership has broad geographical base

« Conveners. many leadership opportunties for postdocs
» 21 new Physics/Tools Group conveners since Sept 03

* Formal links between Tools groups and Physics Groups




Comments on Physics Productivity

e Weareworkingto increase physics
productivity even more:

PAC Champagne Challenges

% Maintain very strong emphasison
physics planning.

% \We areworking towards making
thereview process more efficient,
while maintaining the quality of
our results.

% Steady stream of theorists
Interacting with physics analysis
groups. Series of physics
wor kshopsto generate ideas and
facilitate planning.

& New “interdisciplinary” meetings e N\
acr oss analysis wor king groups.



Data Quality Group

e In fall 2003, we greatly strengthened our effort to monitor and control data quality.

v, Have always had online data quality monitoring & a small number of people
looking at data quality offline.

v Offline effort is now much larger (about 20 people) and hasleader ship from
senior physicsists. Coordinated effort of Detector, Computing, and Physics
organizations. Thisis essential, given how rapidly we take data.

e TheDQG monitors several different data streams:
v Run 4 data & Run 4 reprocessing with final constants
% Run 1—3 conversion to CM 2
% Trickleinjection monitoring
v Overall ratesfrom physics skims
e Data quality protocol based on rapid data processing in Padova & SLAC
% Tuesmorning: run list up to Mon is defined
% by Weds night: subsystem experts define individual bad run lists
v Thursweekly meeting: define official good run list



luming

FEFZ Delivered: 9,941 7fb

BaBar | ogooed: 77 . 839/fb

IR2 lumi: 76.945/fb

fﬁi

/7| BaBar logged (>97%)

v Rp-4-DatgyHistory

PEP-11 delivered

< Processed

Opr Processed: 74.5684/fb

DQ Good: 70,921/fb

Data Quality Run List

Final Runlist: 63.7005fb

T~ Data Quality Good

ity =12

Final Good: 63.672/fb

41 f———Phusics—Eaaduy:

™~ Final Runlist (reprocessed)

T Physics Skimsin CM 2

— DB Good (no-CM2, no-align)




Physics Analysis Database: new starting Jan 2004

HI usend:
"richman"

Analysis index for all AWGs

BAIS contains 235 analyses. &4

Helpl Analysis Index |

Analysis Detailed Indssx |

i BAIS - BaBar Analysis Information System

AWG Index |

IRG Index | Admin & Maintenance |

Create new analysis entry

| Create new AVWG |

Review Committees | Analyst List | Reviewer List |

Already has 235 analyses enter ed!

Analysis Selection & Sort Form ‘

Sort by: & AWG Code © Publication Status © Analysis Name © Conference Status
Sort order: & Ascending © Descending
Select AWG: Ay -

Select target publication period: |Any

B

Select target publication: | Any

Select target conference: |»’-\ny

/|

— | Sorting
and
sear ching

Sorted by AWG code, in ascending order. This rWs 235

Access to supporting documentation and
publication, review committees, data samples
used, code releases used, status history.

. Target .
AWG Code Anal Name Fubligation Pub Target Conference Status Targer Bhviow
Status 2 Journal Conference Comm.
Period
breco-02/01  |Study of the decay B- to D*0 K- PUB | 3/03 [PRL APPROVED/INTERNAL  [i3J&iNNE |
breco-02/02  |BF of the decay B- to DO K*- (KS pi) - 4/03 [PRD-RAPID [ENUS:e)usinliNpgns:a -Vl 1 P'03 E’N&OS ]3
breco-02/03  |BF and ACP of B- to DO{CP+K-/pi- - 4/03 |PRL EEN% ]6
BF of Color-Suppressed Decays of the
breco-02/04 B0 to D{*)0 4/03 [PRD
{pi0.eta omegarho0.eta prime)
Measurement of sin{2b+e) in fully I R ) comm71
breco-02/05 reconstructed B-=D(*)pi decays 3/03 [PRL APPROVED/INTERNATL  [IMRRSIDSeANIE] [EN71] .
| | | | =

| [
E == |https:,-’;’www.slac.stanford.edu,r‘babar—internal;'BAISflnfo;’anal\,fses.html?bat_id=226

e % AP N2




Physics Analysis Database: | nfo for one Analysis

Analysis name: link

to detalls

Wor
7] Status code

King Grou

D

WG Coda | Analysis Iame | Puhlication Statns Perind [mee Srams Target Conferenca Review Coman. B
|5 cmmgzt-m$ S 40l PEL LFOI
B R T e "  ETTR
3 Chele 0207 (SR ' a0z PRDEAPD MCR. EW02
u‘uliﬂ.&&uum_u
| A|ChleQ2b-0301  Jehotthe- f"'P] 1 FEL ! Bty L& THUILEDH
_6|ChndeQ2R-0303 Iﬂh.um_z oo PRL [l | i
' ph¥ BF, Acp m ;
chizoz-oe IR Amen a3 PRD-BAPID
| 8|Chnd-00b-0305 [V PRI 03 o TR ,
] hm.IQE 306 FMMD s N4 FRL
| ; rhoHte- BE + { {
| 10 |Chmlsab-0307  [RE= 2R 14 PERD-RAPD i Zar]
palansaneg { i
(11 [Chuls02b 03B |ota' I 5 B ¢ _
| 12 |Cholet 0308 |omega®* rhe)  [EWE | 2 | | —
[13[ChodsQ2b04M1  |phikc™ CWE. L AFPECVEDMCCME (e [comm1 15
[ 14| Chinls0Bb-0402  [thofrhol search '04 [ATEES L TCHEE'04 lcomml21
| 15 |Chml=0 04003 ”‘—*E i OF wan 2 R | 3 MO EW04 |camm %5
[ 16 [Chmls b 0414 304 TCHEE'04
_ mmm* the, il _ ;
| 17|Chods 260405 [+ (omega, philpil 4 PED MCE. EW04
[FET]
| izoacalar (eta, eta’ | | | =
| -4 ! |
| 18 |Chmlsgeb-04me  [EAECEE S M FRL MCE. QOO commEs [HIT30]
| 19| ChmieCEb-04007  fatriitn (iEUE D) Ll.‘Ei.I'GJ:E'.C | 14 mMOR EW04 |comml 15
(20 [Chi2t 0408 |E "orhirs et |pcEEQ 3 TCHER' (G
| 21 |{Chmled2k-04M5 :1111]_4 _| £ FED TZHEP'049
| 22 |Chmle02b-04010 [alpi B 4l4 ' TCHER4 |comm137
Y] RV U TLoTR fe | ICHER04 comml 35
| BE and Acp of
{ 2 Chrlp02h-0a12  |ebap, Fomers and 4/ [CHEF'04 =
-1 [Document: Do S ik o Fal s



Physics Analysis Database: Analysesin Final Stages

-1l

IDacument: Done

] | e vERAT e s | S ) e e e,
T —1 In Collab Wide Review: 12 institutions
| 12 Gk 04103 o CF gus, 3 un Gals |
[ 124 |Chb.02b DamE Loncalar [ats, ats!, omega, phi] k’\?m T T S ET
[ 155 [Emcimrznd (Vi fiam B0 D decary 204 PRI-EAPIT! | |pHEPDA oS [HHLL]
| 185 [Lant-1m3 Terimem PRL | I o
P . =
(168 s 5362 : Authors responding to co wide review

Sl ol tha B-=Paflnl detae, :
E!mﬂﬂﬁ 1 TEFE. = N3BTE 2] r\.p'\n:ul.nj.pn.nnu Im.\.m. T AT T
[ 150 [Lapt-13m1 Bl = srvabls = I
| 191 ftawca-03m1 Ehaly of B- -= [lorpic] DE- - . . b (HHOE)
T e — « Final 1 week noticetocollab |
[ 153 | Chomdi o031 e (CF) |
|| L5 | Cluhe b 011012 g FOEO, OB sl
2 DB G0k Submitted but not
L5 Immm-mm |[FRD LR, EVH |
[ 157 [Eaiaeniaz e 1ok S Fun 3 ya accepted BoE T e [B0H13]
| 194 [i2teta- 0200 rop-flwc fins E aemplide fie ‘oot [EHN
[ 198 | TauDED-00M0L Tum-photoy piodicting ofets et © | [ | |
[ 20 fpwens 0202 {BF of'the decaw B 1o COEY: (RS oy PRI EapI APFROVELOHTERHAL  |[Ce e [BHOE]
[ 0L e 0203 B aud ACE o B. 1o DOCP+ .t PEL | Gt [EHLE]
= D af Gl Suppesizad Dvaass ol 1 0
| A !‘m.uzmd oD "E Eﬂﬂt!‘gmlﬁrhnﬂ st prims IP"BI' |
|21:I‘.'I|hm.|]2|'ﬂ5 -—““‘—ﬁ'—!“"““"""""“‘h et in ful !m Isp-smznna o7 [BHIL]
peooubmcted BeeCy 4 ipd decays
|;|Eh.lmm|]]ﬂ1 MW‘M.I_: |E'HII-B'..\.E'ID | cormrd S [HHILS]
fo | = ]
| 200 !wuzm Lare Swarch for E[3E70] -+ Ipsi ats {FE | s B2 T
| 206 | Chactrea- 0305 Stady ol B+ = Jpr gar and Br -« Jpoi ot PR [ | mmrrzm
T e b= | i
| 206 | Chmb Lok 6 lets owepsini BB sha'sd |
) e — e 1A edb blished
T e 4 Accept ut not yet publi
E Yl sk sz ba laccePr a3 [P e
[ETE] [ oo clrn Hasdrmmue Blamsnts |PEm apPpovETicoRE (SR {
| 213 |tnelsLcEmL o ey ety [pRT Hm_lLJl THIILED [
e — = o fee: e
215 e-xp-02001 0 3 B BT al bl !Pmﬁu?m [ ‘
aababiak- o E-chive b ey iy 10,0
| 216 ||.-=n-uar|s :“—"““M“'::"B'_"‘ o e e |Pmsupu:- | |
| 207 |Leot I Bromem oL ! N— ool
[ 218 |EadPen-0501 b -~ 3 ey SEMT (ACE] B 3 [FRL | [pem ERM ol 077 [HHLE]
[ 218 [hatu an Dol G 0 st oI TR PRI [ [ i




Physics Analysis Database: | nfo on an analysis

"tichtman"

Data samples and coderelease

BF and ACP of B- to DO(CP+)K-/pi- — Analysis Details

Quick links to other analyzes i this AWG: breco-02/01, breco-02/02, breco-02/04, breco-02/05, breco-02/06, breco-02/07, breco-02/08, breco-02/09, breco-02/

, breco-03/01, breco-03/03, breco-03/04, breco-03/086,

breco-03/08, breco-03/02, breco-03/10, breco-03/11, breco-03/12, breco-03/13, breco-03/14, breco-03/15, breco-03/16, breco-03/17, breco-04/03, breco-04404, breco-04/05, breco-04/06, breco-04/07

AWG Code

Authors &
review
committee

Status

k|

Status \to DO{CPHE-ipi- |measure the ratio of Cabibbo suppressed to Cabibbo favored Additional

Updated

Analysis Name Description Data Informatio/ Schedule/Timeline By)

Created
(By)

We present the measurement of the Cabibbo suppressed decays
B- ->D0K -, with D0 reconstructed in the decay channels

K ™, EN-pr™Hpt™Hpr™ and E&-\pr™Hip™0, in a sample of
£1.0 milhon \Four3\ decays into BBbar pairs collected with the
BaBar detector at the PEP-II asymmetnic-energy ete- storage
ring. We also report observation of the Bch-=D0cp K decays,
where D0cp 15 reconstructed into the CP-even Ypi™-ipt™+ and Sources: Objy

BF and ACP of B~ [K"-E channels, in a sample of 32.8 million BBbar pairs. We | Samples: Runl Run2 UL E cbristy

2004 13:30

: . verkerke
branching fractions comments: ; ]

EE(Bch->DOEYEE(Bch->D0p)=(8.21+-0.35+-0. 20 10™{-2} .
We also measure the ratio [BR(B™- ->D0cpE - +BEB+
-=D0epE H)[BEEBN- ->Dilcp pi*-+ER(E "+ ->Dlcp

pt" 1= (B.8+-1.6+-0.5)107{-2} and the CP asymmetry
[BR(B"- -=D0cpE"-)-BR(E "+ ->D0cpE "t [ [BR(E"-
-=D0cpE - +BREB M ->D0cpK )= 0.07+-0.17+-0.06.

30 January
2004 14:33
{werkerke)

|Analysts

|Ba§ggani Giovanni, Marchion, Glovanm;, Fama, Matteo

|Review Committee

|comm26 [HI06] Wembers: Fry, John B, Les)

|Institutiunal Reading Group

|Target Publication Period

= Linksto supporting documentation,

| 4th Quarter 2003

|Target Journal

|Target Conference

e s 6507 Clrafts, and publication
| -~/ > P

=

k|

BAD # Doall§re(s) BAD Title

BADs BAD 0404 Supporting Docugfent  Analysis of B->DO{CPIE decays

BAD 0571 Journal Dr. Ieasurement of B- ->DO(CE)E - decays with the BaBar detector
PubDb Doc BaBar # Preprint# SLAC PUE # PubDh Title

PTB-03/032 hep-ex/0311032 - Measurement of B- -> D0_(CP)E- decays with the BaBar detector
Other D . =
mma M OSt Of OUr physicsanalyses are performed by a small group of authors. -

Huge number of opportunitiesfor graduate students and postdocs! ;
@ |Document: Done e UE 4P B 2|




CP Violation Primer

e CP violation can be observed by comparing decay rates of particlesand
antiparticles

Ga® f)t a® f) b CP violation

e Thedifferencein decay rates arises from a different interferenceterm for
the matter vs. antimatter process. Analogy to double-dit experiment:

Classical double-dlit experiment:
sour ce AL Relative phase variation due to different
> path lengths:. interference pattern in space
]

guantum interference experiments. many final
states, multiple “paths.”

BO/Df BO f
A _

I AZ B system: extraordinary laboratory for



Conditionsfor CP violation

e Two amplitudes, A;
and Ao, with arelative
CP-violating phase
(f 2) only.

e No CP violation: the

magnitudes of A and A
arethe same!

A=A+A e Two amplitudes, A; and
; Ao, with both arelative

CP-violating phase and

CP-conserving phase

().




A dictionary of CP violating effectsin decay processes

CP violation in the inter ference between two decay amplitudes (“ Direct CP
violation™)

v Decay amps must have different CP violating and CP conserving phases.

%, CP conserving phase from strong, final-state interaction, so difficult to
Interpret resultsin terms of CKM parameters

v Can measurein both BB and B*/B- decays (time-indep); tagging not needed
CP violation in mixing

% Interferenceis between bundle of amplitudes with on-shell (real) intermediate
states and bundle of amplitudes for off-shell (virtual) inter mediate states.

%, CP conserving phase from mixing

% B mixing is completely dominated by processes with virtual intermediate states,
so thereisvery little CP violation in mixing (g/p).

CP violating in the interference between mixing and decay amplitudes
v Tagging required
%, CP conserving phase from mixing

% |f only onedirect decay amplitude, has clean CKM interpretation



L ooking for the perfect way to study CP violation

Type of CP Sour ces of amplitudes | Source of CP Remarks

violation conserving phase

Direct 2 or moredirect decay | strong, final-state Can study both

amplitudes interactions; value | neutral and charged

iIsusually not known | particle decays.

CPv in particle- | DG: group of amps mixing phase: Dependence on

antiparticle with real intermediate | between real and theory. Very small

oscillations states virtual amplitudes | in B system dueto

(mixing) tiny DG

(K °-K©, BO-BO)

DM: group of amps
with virtual
intermediate states

CP from
interference
between mixing
& decays

direct decay after no
net mixing and decay
after mixing

phase in mixing:
exactly known!

I nterference pattern
In time due to time-
dependence of
mixing amplitude.

In the SM, the CKM matrix isthe only source of CP violating phases.




Time-dependent CP asymmetriesfrom the

Inter fer ence between mixing and decay
A, = €' ° cos(3 Dm x)

B° no net oscillation " pr
\SC"%A &80 1)
A =ie®vsin({Dmx)e "’ ° !

RO— - > | __
B A_L —e ] p >‘COS(% Dm %t CP G(thys(t) ® fCP)
\ Requires tagging and measurement
BO of time dependence.

A, =ie™ ve" v gin(1 Dmx)




Calculating the CP Asymmetry

2 2

A (=il BO) - (o H[BO) G(B®® fs)- 6B ® fo)
T [ HBO) + [t H]B®) GBO® 1)+ GE'O® fer)

A_ (1) = S>sin(Dmx) - C>cos(Dmx) If single direct-decay
1- 1 P amp, hadronic matrix
co2Am() 1

‘2 element divides out,

5 =
1+“ ‘ 1+“ leaving pure phase.

Pure phase factor in B decays — — —
since mixing is dominated by | ? Mp- 3Gy x< fee|H|B >
M2 (virtual intermediate states). M, - +G, < feo|H BO>

I|=1p S=Im(l) and C=0



The magic of having just one direct decay amplitude

Even through we are using hadronic final states, the complexities of QCD
Interactions are completely avoided!

| =1 A () =Im(l ) >sin(Dmx)

—or themodes B2>J/ly Ks(Jly Ki)

A e, () =-h xsin(2b )>sin(Dmx)

Jly KZ,

If CP violation isdueto interference between mixing
and one direct decay amp:

e Pure sin(Dmt) time dependence

* No dependence of asymmetry on hadronic physics




The Lorentz Boost

e Theasymmetric beam energiesof PEP-11 allow usto
measur e guantities that depend on decay time.
—_—

e’ er
9.0 GeV 3.1 GeV
Tag B
S, — 40-
F_—_—:_‘:___-_.:_-_- ___________ /:
Uts)y | » T A
bg = 0.56 > » \‘KO
Dt @Dz/chc gocty @250 nm

1 ps U 170 um

1leps=t, U 250 um



I nner most Detector Subsystem: Silicon Vertex Tracker ;

_-T Modules

" Bebeam pipe. R=2.79cm 4NN \
@nﬁons move 0.25 mm along beam drreor Ol PR ¢

i tn." -J#




The sin2b program: the
charmonium benchmark vs. the penguins

b C

- Jy
BO W™ i
d d KO ng,KB

sin2b from b->ccs modes was last published by BABAR with Runs 1-2 (88
M BB events). Published in PRL, 89, 20182 (2002).

We will add Runs 3-4 for ICHEP’ 04 and then publish. sin2b is becoming
a precision measurement.

We have also improved our tagging software, so there should be some
modest additional improvement beyond the added statistics.

Theoryerror <1%.



sin2b signal and control Samples (88M BB)

?‘_;25{}'— — 4[‘ .
ggm_ BABAR CP=-1 . g BABAR I
gﬁu_— J/y Ks (KS® p+p_) ~ Bay control Sample
i (974 evts, P=0.94) | | E.m > mistag, Dt res
1001 i oo (20375 evts, P=0.85

H— 1000}~ &
| DGl Train g i 4 1. 4% a4 e W

0 02 52 524 526 som sl
5.2 522 524 5.26 528 5.3 E_Beam Substituted Mass (GeV)

E_Beam Substituted Mass (GeV)

T T T Em;:BABAR
Iy K =y K,
(988 evts, P=0.55) | & ;@ p%"

100

sfrdil] + [Tl 4

P
Eﬂ £

CP=+1

FET 538 53 F y F
; BE] P 524 PET 53
E_Beam Substasied Maps [Galy F_Finsin Skttt beasca [Ca)

50 “- BABAR

= Iy KO
= (K*°® Kp°)

_20 0 20 40 60 80 : L -I#"-Il oo 0 e I-:.'““'."-'. ......=........_.._.._.._ T T ..:':I
AE (MeV) " 7 % olendiead’ 5 S L




sin2b from B->char monium K° (88M BB)

] CP=-1 0 CP=+1 L Control sample

2. 150 0 B” tags MK | E BY tags

g ® B tags ‘.+ N Background F .

E 100 éiﬁi}ﬂ /\

= E

5 5

50 0%
B tags

o 1000

§ 0.5

2 5

: = 0.5

S = e ik ]
Z 0 '
k=
¢ -0.5

-0.5 _ J
5 0 5 -5 0 i : ps)
Dt =t At (ps) '&r (ps) =1
=1t ttag tCP ttag CP 1:tag

Acp =-0.004 + 0.027
sin(2b) = 0.741+ 0.067 (stat) + 0.034 (syst) [C=0]
both uncertainties are data driven

“ ‘ =0.948+ 0.051+ 0.030 (consistent with unity=>no direct CPv)




Testing the assumptionsin the extraction of sin2b
extraction from charmonium modes

e Theextraction of sin(2b) assumes
v DG/G=0 (no lifetime difference between neutral B mass eigenstates)
% |o/p|=1 (checked with dilepton CP asymmetry measur ement.)

o CPT isconserved lq/p| = 0.998 & 0.006 + 0.007

e Wehave performed a detailed study to check these assumptions:

%, 2 papersaccepted: PRL and PRD

Quantity Measured value Theory
(DGG sgn(Rel ) | —0.008 4+ 0.037 £ 0.018 | —0.2% to — 0.3%
la/p| 1.029 £0.013 £ 0.011 lg/pl — 1 = (2.5 —-6.5) x 107*

(Rez)(Re(l )/|I ) 0.014 4+ 0.035+0.034| 0 if CPT conserved

Im z 0.038+ 0.029+0.025 | O if CPT conserved




r - h planewith all constraints (ssn2b not combined with others)

G50 N N R N R R
' excluded area has CL<0.05 | |




Deter mination of the sign of cos(2b) with B> J/y (Kp)

e From B-2>Jly Ks, we are used to seel ng
the sin(2b)sin(Dmqy t) term.

e INB2>Jy K*O(K*0>Ks pY), terms
with cos(2b)sin(Dmgt) appear due to
Interference between CP-even and CP

odd amplitudes.

e Problem: thereisasign ambiguity
associated with the strong phases!

e Solution

1.

M easure magnitudes of strong
phases from angular analysis

Signs of phases determined from
Kp s-wave/p-wave interference

ntries/10 MeV/e

2400 -

200

t-dependent CP analysis—>excludes

cos2b=-0.68 @89% C.L.

- 7 J. 'Kr o
“ BABAR
t |
B-2>Jly Ktp
;| L =82 fb
ﬂ'.lﬁ 1 1.2 1.4 1.6 rl-; "FZ_ = HLZ

Kn mass (GeV/c’)

Rel s-p wave phase vs. M (K p)
BABAR, soln 1 :
&

{

‘
% BABAR, soln 2+

Bt o

\

' _LASS'expt: Kp>Kp( n)

1.1 1.2 1.3 1.4 1.5
tGV.’}



Thenext step for sin2b: search for phases from
new particles & couplingsin loop processes

W—I—
b 3
Sn’?qb
0 -
B {9 % 0
K
d g d
W-I—
b 3
0
0 n dK
B D e
d
d g dnr,po

b = . d e S
B, W SR f
BO ER%E<S
S o
K
d d °
SUSY contribution with
new phases
b .

S h

BO SRNE<S

S o
K
d . d S




Belle Resultsfor B>f Kg

35 | 1 :'BO — ¢KS BELLE
o BF = 140 fb !
20 | = S
X > oFf
-:’:3 15 F <L
@ 10 = 05|
5F o [
...... N 1}
%.2 522 524 526 5.28 53 AP B P B
M, (GeV/c?) 75 -5 25 0 2.5
N (f K2(® pp-))=68+11 At (ps)
+0.09
= - +
Sy =~ 096£050 " o
= + +
Cf o +0.15+ 0.29(331) + 0.07(%)




BABAR resultsfor B2>f Ks, f K. (Runs 1-3)

30- T T T T T T T 7] 5_ 15+ Butﬂg . a)
3 _BABAR 1 E 5:
2  L=108fb" -
gﬂﬂ- Bﬂ_}qﬂK‘S 15 i
w 10 -
E’m 709 events _ | Bf Ks
210
[ =
B
|:| T § M b 1 E.
52 522 524 526 528 53 <
Meg [GeVic? ]
39—*4% '
=15-
2 | T
s | ' -_ B> K.
g =] i il i
Y5 - k- § osp
- 52+16 events E a5l
i ¥

0 0.02 004 0.06 - z =
AE [GeV] At (ps)

S« =047+0.34 (stat) oe (Sys) C., =0.01+0.33 (stat) +0.10 (sys)



B> K"K Ksand B*=2>K* KsKs branching fractions

and CP asymmetry
Thereisa substantial ratefor B2>K*K Ks %" oo ] 1 >
for M (K*K") outside thef massregion. G gf @) B K*KKg = B
8 S
The CP eigenvalue of thefinal stateisnot S eof 20116 evis + S
apriori known, but it can be measured = 40 1 £
from 0 = 3 &
+ + >
_2G(B"® K'KKQ) ¢ .
- 0 [1)]
¥ GB’® K'KKYQ) 8 [ aBrkKkKfl 18
o - 4 ]
: S 122+14 evts S
For the non-f region, S 2 13
f_ =098+0.15+004 £ © | 2
L

82 522 524 526 528 53
.\ 1, 00,0 B Meg (GeWc)
B(B*® K'K2K?2)=(10.7+1.2+1.0)" 10

B(B°® KK KJ)=(23.8+2.0+1.6) 10°°



B> K"K Ks time-dependent CP asymmetry

40f
S 30} & +
20
B _
. O b) T i
< 30 i
= 20t ]
o al "
= } :
£
< E

6 4 2 0 2 4 6
At (ps)
S(K'K"Kg) =-0.56+0.25(stat) + 0.04(syst) o, (f...)

C(K'K"Kg2) =-0.10+ 0.19(stat) + 0.09(syst)
(S=-sin2b inSM)



B-> f0(980) Ks observation and CP asymmetry

Presented at Moriond EW. PRL now submitted. CP(foKg)=t1 CPJy Kg)=-1

«= BABAR

:: 03.6+13.6 (stat)+6.

& L=111.2fb?

2t Total

b Al bgk

e da

u%ﬁ* HH;;;'”[I%

MEgs

0 Tota |

| BABAR 0 =

: All bgk. £ osf- *

20— E - —— ~

— 3 il
. . 0 2 4 At (psp
S 162*32? +0.09+0.04

foKs

M(xta—) " C  =027+0.36+0.10+ 0.07

foKs




B-> f(980) Ks observation and CP asymmetry

Branching fraction

B(B° — f5(980)K%)xB(B° — nT7n~) = (6.0+0.94+0.6+1.2)x10~°
fo(980) resonance parameters

ms = 980.6+£4.1+0.5+4.0) MeV/c?,
My = (43752 +£3+9) Mev/c?

Systematicerrors

% Dominant sys. errorson branching fraction: fit procedure (0.26), B
background (0.30), Q2B approx (1.21) in units of 10°.

% Dominant sys. errorson S fit procedure (0.06) and B background
(0.05); Q2B approx is(0.04) so thisdoes not dominate.

Commentson Sand C

% Sisl.2s from physical l[imit and is1.7s from SM; no CP violation is
excluded at 2.7s

v, Ci1s0.8s from SM



BABAR measur ement of sin2b from B> Kgp®

e Special vertexing approach

y Constrain in x-y to
Z beam-spot

.................. e+ Beam
—> QW T e <«
e U (4s) EO ' >—> T
s . 122 +16 signal évents
tag™ ta etho C - ' ' r ' ]
iy ]
— 012 0.18 — 2 ]
g K 1 E B g ~
= dN/dL H0.16 = Q 1
= 01 o ] A wr ]
ZI.J B 0 ettt w014 B oFp -
TR — svi layers ] v 2 10 B
0.08 —H0.12 i 1
i Jo1 g b -
0.06 — ] @ ]
- + —0.08 Ten ]
0.04 20,06 TE © 3
E - E i E (C E
- . J0.04 E¥E R T
002— i 3"““._‘:.' i : = E 0 = I " =
i e —002 z S E
r;,.m i I l l i 493 & S A 3
Ol ML ¥l ¥ WL e 1 =
0 5 10 15 20 - - :
K decay length in xy plane [cm] — tCP - tt At (ps)



The sin2b program: the
charmonium benchmark vs. the penguins

Charmonium Modes

oK°

¥

fKe
nng

N4

OPAL 98

+1.8
32 . H05

ALEPH 00
0.847. - +0.16

104 T
CDF 00

079y

BABAR 02
0.741£0.067+0.034

Belle 03
0.733+0.057+£0.028

Average (charmonium)
0.736 £0.049

BABAR 04

0.47+0.34 2%

—-0.06

Belle 03 .

+0.09

-0.96+0.5" ., f

BABAR 03
0.02+0.34+0.03

Belle 03
0.43+0.27+0.05

BABAR 04

1627 ot £0.1

BABAR 04

+0.38
48" o +0.11

BABAR 04

0.56+0.25" 1o

Belle 03

+0.19
0.51+0.26"

Average (s penguin)
0.42+0.12

Average (All)
0.69+0.045

i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
1
1
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The Quest for Alpha

U _
WN\_PNJ<d7T b w- d m
u

e Theanglea entersintothe CP asymmetriesfor b->u modes:
B®p'p .B®rp*"B®r’r-

e Assuming theb—->u treediagram dominates

)\ﬂ'"";r_ — e_izﬁ M — 8_?;256—?:2"}’ s eiQa
Aﬁ+ﬂ_
e But penguin amplitudeis sizeable oy ’
/ 1
) _ 2aT+Pet™e
T T + P e gl




Coping with penguins: isospin analysis

e Gronau-London isospin analysis: J=0 two-pion state hasno |=1, so
B->pp can bedescribed in terms of two |-spin amplitudes.

a0 — 400 1 44— 2000ff = 20 + 2k
_ _ 1 _ 1
+0_500, 1 o4+ 57
AT =70+ 4 e

e A*0Ohasno gluonic penguin
—->baseiscommon to B* and B-

1

J2 A

e Grossman-Quinn bound: ~

8418A3 A( B__" T )

(go_“_ TC+TC_) A(BO_“'TCOTCO)

Iy

AB— ')

B(BY — 797x9) + B(B® — #9%#0)
B(B+ — ntx0) + B(B— — 7~ #0)

sin®(a—aefr) <

o Useful if pPpP issmall.
« Does not require p°p° events to be tagged since uses sum.



BABAR resultsrelated to a

e Intensiveeffortin BABAR to explore all modesthat can constrain a. All of
the following will be updated for ICHEP' 04.

Mode

comments

B-2>p*p time-dependent CP asymmetry

BABAR S=-0.40+0.22+£0.03
C=-0.194+0.19+0.0.05

Belleobserves S = —1.00 + 0.21 + 0.07
C = —-0.584+0.15+ 0.0.07

B-2>p%?° branching fraction

1%t observation >4s; published in PRL
@ — aefrlar < 47° (90%)

B->r *p-,r-p* time-dependent CP
asymmetry

BABAR has only measurement

B->r *r - branching fraction and
polarization

1%t observation; BABAR has only
measurement; almost 100% long. pal.

o — aefrlpp < 19° (90%)

B->r*r - time-dependent CP asymmetry

B-2>r0r0: limit only so far

BABAR has only measurement; currently
IS best a constraint




BABAR (Summer 2003)

BABAR and Belle on B> p*p- Sl on ._._.

Belle (Winter 2003)
—1.23+0.41+0.08

e Belleobservesarather large 2004 updat

N o SO
: S =-1.00+0.21 + 0.07
negative value of sp.

i Average (Summer 2003)
e Another analysisto watch closely! ~0.56+0.20

266+ 24 pp° candidates

T T 0.5

Ng -ﬁf_ 1 S:m
¢ - BABAR T ]
& & * BABAR (Summer 2003) :
e 33 . -0.19+0.19+0.05 :
PR —e—
-l | S
> F Belle (Winter 2003) :
25:— —-0.77+0.27+0.08 :
s —a—
200 4 2
- 2004 update ¢ = —0.58 4+ 0.15 4- 0.0.07
15FH Abd |
k| Average (Summer 2003)
(1)1 —0.37+0.16 -
— —A—
5 Bl Ac)
B g | | r | | | | | SII.II'I'ImETEUII:I-
['n L T T T I A I O O 1 T S (U L i L | i e i. i
52 521 522 523 524 525 526 527 528 529 53 -2.5 -2 -1.5 -1 -0.5 0 0.5

Mes (GeVie )



Observation of B->r*r —and polarization measurement

e From the BABAR Physics Book, 1998 s | JrH @
+ At first glance, the decaysB->rr 2o J
appear to be completely analogousto E4ﬂ§
B->pp. However, thereisan important st e
difference. Because ther isa vector 05333535~ 5270\12%
meson, ther r pair can bein a state of § mes(bevre
angular momentum L=0, 1, or 2. States "'256{;.5_ (d)
of even and odd angular momentum am;
correspond to states of even and odd z t
i S20¢

CP, respectively... 0

o After discovering B->r*r-, we measured %0400

' |
. . mp (GeV/c?)
the polarization "

25
_ +0.02 | 20; 9
(/T =0.98%055 £0.03 X ‘l}
m -
—~>Nearly pure CP even eigenstate! 5T A

{-][}:'8 047004 08
cosB




Measurement of CP asymmetry in B>r*r -

+0.11 § Main systematics: CPV in B bkg
¥t 1§ Detailed study of B background:
+0.14 209 B decay modes simulated

Sene =—0-19+0.33

C..=-023+0.24

long

stat

stat syst

i : 0.4_
% : g 0.2
E D_|||| L poa vy by B b
il ) R 7] 0 40 60 80 100 120 140 160 180
= F f ' f f ! ] o (deg)
< ; 0=(96+10,,+4,, +13 )
0.5 - i & d
S — § Isospin analysis: interference,
7 T : NR contributions, 1=1 amplitudes
R neglected
) - Al (ps)

From L. Roos Moriond talk



Plotsfrom CKM fitter group: |-spin analysis of B>r*r-

Confidence level

1.2

0.8

0.6

0.4

0.2

Presented by Lydia Roosat Moriond EW

Isospln analy5|s of rxt and pp sysiems (P EW lncluded)

[T T ; ] [T 1. I B R | o o o o S TN
5 COBom [ZABopp(e(S.C)=0)] [ ] g o kL2008 038 080
Winer 2004 1B pp —— CKMfit (nonm.pp) | - Standard CKM Fit W\ '

1 \
05 ¢ sin 23 '

B = 0
* 05 F
7 Sl / ._ |
e B . B°— p*p  SU(2) analysis | |
it 4 o F Winter 2004

o . v Nl g I e, N
0 20 40 80 80 100 120 140 160 180 " 4 w05 o 05 1 15 2

P

o (deg)

81 submited

——0 1Qi[l 33 £ 011,

SI{:;rg 0 42 i D 4251&! i 0 145}'31‘ Sfun:g stat
Copy =—0.17£0.27,,, £0.14__|C,, =-0.23+0.24_, +0.14_

§ Constraint on « in perfect agreement with the Standard Fit;
a=(96+10,, +4, ., +13

pang )




Rare Decays. A Major Growth Industry

BABAR hasfive separate analysis groups focussed on rare B (or charm) decays. (t
group also looks at rare decays.)

% rarehadronic decays (3 groups), electroweak penguins, leptonic decays
(discussed many hadronic rare decays earlier)

We have pushed our senditivity to the 106 level for many processes and even lower
for some processes.

Main goal isto search for effects of new physicsin processes with Flavor Changing
Neutral Currents (FCNC). Dueto the presence of loops, such processes can be
sensitive to new physics.

Largeindustry of theoretical predictionsfor SM and SUSY models.

Branching fractions, CP asymmetries, kinematic distributions, |-spin relations can
all be affected by new physics.

- H " 7

L
L

L

[ S
[ S

L SR

L .
*-"

2

=
o
2
L
o~
a2
N
Ln

b uct s b uct s b



e Rarest B decay so far observed: B2>K I*I-

Events / 0.006 GeV/c?

Electroweak Penguins and Related Processes

Z,
u, c,t

b W S b

~8 dignificance  B(B — K¢te™) = (6.57]5 +£0.4) x 1077

30 %’ Dilepton mass distribution
a) =15 6
& “ + -
»o ¥ bt Kl
} + 510 24 :
%H#ﬂij - Sy
/|2 B0 LR R
o LTt I L
0> 522 524 526 528 C 02 01 0 01 02 0 1 Zgevidey + S

m,. (GeVic*) A E (GeV) "



Electroweak Penguins and Related Processes

e Sofar, observationsarein linewith theoretical predictions.

e Some of the best observables are kinematic distributions which we are just
beginning to have enough eventsto study.

® BaBar'04

e Belle 04 . ———e—H

[ Ali "02 si'lT  H—e—H

[ 1Zhong '02

[
KT o
+
Kl f—a—I|
| | | | | | | |
107 10° 10°

Branching Fraction



Time-dependent CP asymmetry measurement for
B>K*0g K-> Kgp©

1st t-dependent CP measurement for any radiative penguin process! Submitted to
PRL.

Uses same beam-constrained vertexing technique that we used for B> KgpC.

The photon helicity isa final state quantum number that is highly correlated with B
flavor. Thistendsto destroy the interference between mixing and decay, assuming

SM couplings: A 1
43‘ — Eo g
d +—

S = 2(ms/my) sin(28) ~ 4%

In some left-right symmetric extensions, S can be up to 50%. [Atwood, Gronau, and

Soni, PRL, 79, 185 (1997)]
With Run 1-3 data (124 M BB events): Sk = 0.25+0.63+0.14
Ck+y, = —0.57£0.3240.09

In the SM



Charmless B Branching Ratios

toeo HFAG - MARCH 2004
—— Belle e a0t
—— BABAR nk
e PDGEDUE ,;\ + “
— MNew Avg. i K Iﬁn,hq
0,0+ ¥ T
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= =
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Physics with the Recoll M ethod

Fully reconstruct one
B meson in the event.

The remaining particlesin the
event must be associated with
the other B meson.

U

' I
XU Y ou have asingle B beam!!

courtesy Daniele del Re
e Reconstruct B,D mesonsin ~1000 modes B® DYp,D%pp®, DV 3p, ...
e Efficiency ~0.4% or ~4000 B mesong/fb (charged and neutral)

e Will soon have ~800 K eventstagged with a fully reconstructed B meson



M easur ement of [Vyp| with inclusive semileptonic decays
(but not restricted to lepton-endpoint region!)

Fit tothemX distribution Subtracted spectrum

= T T T T ' T T o
= i = Data
o a e Data A b *
~400 F ) B bouly ~100 ) + O b>ulv
=z O b—>clv =
5 B Other S
300 i
50
200 2 _
100 WM 1 0
0 L ] 4 " i L 1 L | .-L 1 I 1 I ]
0 1 2 3 4 55 0 1 2 3 4,5
m, [GeV/c ] my [GeV/c ]

B(B® X,n)=(224+0.27+0.26+0.39)" 10°°
V,,| = (4.62 £ 0.28(stat) + 0.27(sys) + 0.48(thy)) " 10°°




M easurement of [V, | from Inclusive Semileptonic Decay

e Threepapers. 1 PRL and 2 PRDs accepted

e Study L epton energy spectrum and mass spectrum of hadronic recoil system
(below).

s p* > 0.9 GeV o p* > 1.6 GeV BABAR (OPE)
rfifuw:; 4 - LN = ' - pas ®) — CLEO-1 (OPE)
= [ [ Background | = 0 Backgraund
= ol —’+ El |t - CLEO-2 (OPE)
=" | BABAR | ~ 1 BABAR __ R
s00) o —@— DELPHI (OPE)
500 J‘ 300 !|7 —+@+—BABAR (Ey)
i 200 t+ — 1 Belle (Fy)
400 + _+++ - ﬁ* f
T e e M e HFAG (excl. D)
Mx ([ GeV) My ( GeV) 30 41 43 1p—2
— s an-3
Br(B® X.en) = (10.61x0.16,,, £ 0.06,,,c )%
m, (1 GeV) = (4.61+0.05,, *0.04,,c *0.02,,)GeV
m 1 GeV)- m(1GeV) = (3.44+0.03,, £0.02,, £0.01;)GeV
0 = (0.45+0.04,, +0.04,,c +0.01,)GeV*




M easur ement of mp and m. from Inclusive
Semileptonic Decay

Measurements and Predictions of the b=-Quark Mass Measurements and Predictions of the c-Quark Mass

(MS scheme) PDG2003 (MS scheme) PDG2003
OPE: B—+Xlv BABAR" . OPE: B=X v BABAR* ! I !
Event Shape  [6] : " v di-muons @ ! :
Z=bb Decays  [2] I = ' :
Z33gets  [14] 5 ’ v: scattering [10] : E
Z33gets  [10] . |
Z23jets 18] : 5 : Lattice: D, mass  [1] .
Y spectrum [ i
e+2_ e {3% i Lattice: D_mass  [2] '
S.R.forB,D [4] (] - A
YO1S) 5] i ! S.R. for Charmonium [3]
¥: vac. pol. fen. [F] ] e+e-9qa [4]
Y spectrum  [8] bed B
bb xsec.,Y mass [9] - — e*e2qq [5] b
Sum Rules for Y [12] B,
Sum Rules for Y [13] . SR forB, D [6] I
Y: vac. pol. fct. [19] i N v
Y spectrum  [17] it e*e>qqg [7] He
Lattice [16] | nl— —— | : Y(1S), mg-Mmp [8] .
3.5 4 4.5 9 o 1 1.5 2
* rted to MS by N. Uralts mu(m. IGeV *converted to MS by N. Uraltsev — —
converted to MS by N. Uraltsev plmy) [GeV] mJm.) [GeV]

my(m,)=4.22+0.06 GeV BABAR  m(m)=133+0.10GeV

____ Conversion from Kinetic mass scheme
to MS scheme with hep-ph/9708372, hep-ph/0302262
See also report from CKM WS hep-ph/0304132
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[
o
=

events/3 MeV/c?
2 g

Ch
-

Signalsfor new states
D,,(2458) ® D.(2112)p°

D,(2317)® Dp°
1022 + 50 events
'32,_2I | Ié.lﬂlil | I2.|3I | Ié.lliél | I2{4I | Ié,lztEII | I2,5

m(D*, 7°) GeV/c?

events/7 MeV/c?

80 [

70 F

60

o0

40

30

20

10

-

195+ 26 events

24 26
m(D',(2112)* n°} Gev/c?

e Massesbelow DK threshold =»natural decay channel isforbidden.
e Decay widths are within experimental resolution, about 10 MeV.

e Pionic decays are |-spin violating, explaining the narrow observed widths.



| nter pretation: ¢S stateswith =1

e Inlimit of infinitely heavy charm-quark mass, its spin decouples from the
dynamics, so that the combined angular momentum j of the light-quark orbital and
spin angular momentum is a good quantum number.

e For p-wave states, get j]=1/2 and |=3/2. These levels are split by the spin-or bit
interaction. Hyperfineinteractions mean that j is not truly a good quantum
number.

_ f—3
SC r: maRrrRLE
oy JF s A
4 o
o == 102 5 states
2 x 4 ,_}T}) = 1+
7y states -
f—=
j:;—b—; 2% 2%3 mixing—— 7,
‘ states JP =17
2 x 2 X =i

Spin-Orbit Tensor Force



Decay pattern for excited charm mesons

The properties of the new states are consistent with JP=0+ and JP=1+.

Pionic decays are |-spin violating, explaining the narrow observed widths.

Mass (GeV/c’)

g o R
= o o>

M
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22

2.1

19

1.8

24-

DD,+
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Observation of B> Dy D*) Modes

Presented by G. Calderini at Moriond QCD
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Entries/10 MeV

Statistics based on 1125 fb-1 (124 x 10 BB)
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Plansfor ICHEP' 04
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PEP-I1/BABAR integrated luminosity and summer data samples
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Conclusions

BABAR physics productivity is very high: we are producing 40-50
papers'year. The collaboration is extremely enthusiastic about our
physics program.

The remarkable performance of PEP-I1 is creating a wealth of new
physics opportunities, and there are about 200 active physics
analyses. Most of them are performed by small groups, providing
opportunities for graduate students and postdocs.

We and our colleagues in Belle have significantly expanded the
set of hadronic penguin modes used for sin2b measurements. Such
modes provide a promising way to search for new physics.

We are making significant progress in the measurement of a, a
major goal in heavy-quark physics.

We are exploring a vast territory of rare decays. Thisareaisa
major part of our physics program that is awindow on new
physics.



Conclusions, continued

e Dueto BABAR’s open trigger, which is characteristic of e'e
experiments, we are able to study a huge number of processes and
to make discoveries in unexpected areas. The discovery of the new
charm-strange states is just one example.

e We have used avariety of approaches that enable usto pursue
measurements previoudly considered impossible. We are using
these methods to improve the precision on the magnitudes of
CKM elements, and we are determining key QCD parameters that
characterize B-meson decays.

e Nearly all of our measurements are statistics limited. We need the
DOE’ s continued strong support for the B factory to realize the
huge potential of this program.




