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The BaBar Detector
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Motivation and brief overview of theory
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The Unitarity Triangle

e Fermions of different flavours can communicate via flavour
changing weak interactions

e Modeled by 3x3 CKM matrix - 3 mixing angles, 1 phase
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Motivations

e B—p*p~ decays involve transitions of the type b—uud

— Access to CKM angle o (=180 - 3 - y) from dominant tree

diagrams d

BY ; p~ Y ' : _
d d h & d

- BUT gluonic penguin amplitudes also interfere - aCtuaIIy we
measure 20

- Define k = 2(a 4a) - difference due to penguin loops

£

ul
B(] ‘qk
d g &
- However, we can disentangle these penguin contributions -
hence measure o - using the other B—pp modes via an
Isospin Analysis...
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B*—p*p°

e Leading diagrams for B*—p*p® - Tree diagrams dominate:

: d — -
W*x’Cj } P b Wi z P
.;;;-i'-'..‘._ b at u B*< C d
ool '.-.‘-.:.‘- B+ { } po o :~ J : p+
u u .9 g
* Colour allowed tree diagram e Colour suppressed tree diagram

e No gluonic penguins in B*—p*p°

e BO—pYpYis gluonic penguin only and constrained to be
small

e By using all three (p*p-, p*p®and p°p®), we can measure
the penguin contribution K
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Isospin Analysis

* |sospin Analysis disentangles penguin contributions to using
SU(2) symmetry relations between the B—pp modes

* Need 5 rates: B B
- B(B*—p*p°), B(B°—p*p), B(B°—p*p), B(B°—p°p°), B(B°—p°p°)
e Construct triangles representing the complex amplitudes

AT = A(BO —ptp ), AT = A(EO — pTp7),
AT = A(BT — pTp") = A" = A(B™ — p™p"),
A% — A(B® — °p°), A% = A(B° — p°4°).
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Angular Analysis

 The final state contains 2 vector mesons
- Both Longitudinal and Transverse components

* Perform analysis as function of 2 helicity angles 6, (=6,) and 6 , (= 6,)
- Integrate over angle ¢ between the decay planes

Differential decay rate:

1 2T 1 - *“polarization”
: .2 2 2 2
- x —(1 — sin“ #, sin” 0/ —l—(:u[-; 6, cos” 0,
["'dcosfidcosty, 4 (1= 1) : ’ _ _
transverse longitudinal
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Data Sample

e 210.5 b1 (231.8*10° BB pairs) taken on the Y(4S) resonance

e 21.6 fb* taken 40MeV below Y(4S) resonance for studying
backgrounds

- In this data sample we expect:
* ~400 Signal events (€., = 8.4%, €,,= 18.6%)
e ~65000 Continuum (qq) events (¢ =0.03%)
e ~9000 B-background events

* We measure:
- Fraction of longitudinally polarized events f,

- Branching Fraction B,
- Charge Asymmetry A.p

N(B*—p*p?) - N(B-—pp°)
N(B*—p*p?) + N(B-—pp?)

Acp =
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Event Selection

Discriminating Variables:

Kinematic selection:
* Mg = (E .2 — Pg2)Y/? Beam energy constrained B

 AE =E; - E.\/2 Difference between reconstructed
B energy andwknown value

Background Rejection:

* Neural Net Discriminate signal and backgrounds
using event shape variables

Properties of p mesons:
°m m o Masses

p+?
. 0056p+, ICOSGpol Helicity angles
Challenges:

e Reconstructing %

 Reconstructing soft ii’'s

e Backgrounds from B decays

e p resonance is broad (width = 150MeV)

Signal PDFs:
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Extended Unbinned Maximum Likelihood Fit

* Build ML fit with 7 variables: mgg, AE, Xy, My Mg, COSO

- |cosB |

p+?

N
Likelihood [ — E_Nr H NSPS,i(fL) + NUPU?,;; + Z Nij?i
Function: i=1 bdf B j

Signal Continuum B-Backgrounds&SxF

* Ng, N¢, Nj are the numbers of events in each category; Pg;, P, P;;
are the PDFs

Components modelled in the likelihood function:

e Correctly reconstructed Signal (longitudinal and transverse)
e Continuum background from qq

e B-Background modes (16 in total)

 Mis-reconstructed signal
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Fit Results

Fit results:

* Ngigna = 398 £ 48

* Polarization, f, = 0.95 + 0.04

* Charge Asymmetry, A, = 0.10 £ 0.14

Projection of signal-enriched sample:

—~ OO T T I L e ] = | T T | T o
> N . Nu 9 :
& ) S = =
301 1) 3

-l e O 70k =
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S “0Bs & “F Jr E
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i 305 | 4‘ E
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105 Total 1 TR = =

- background ] 10f- .
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Systematics

* Corrections and systematics on the signal yield and polarisation fraction:

Ng;, (events) f, (%)
Source Size Syst. Err Size Syst Err
Amount of mis-reconstructed signal - 29 - 0.7
Model of signal and B-backgrounds -47 23.5 +1.4 0.7
B backgrounds yields - 11 - 0.6
NN/helicity correlation in qq +22 11 +0.1 0.05
Additional B backgrounds - 8 - 0.5
Statistical uncertainty on signal PDF shapes - 15 - 1.5
Uncertainty in continuum model for NN PDF - @ - @
Total -25 55 +1.5 5.2
e Corrections and systematics on e Systematics on the Charge
the Branching Fraction: Asymmetry Aqp.
Source Correction (%) Uncertainty (%) Source Uncertainty (%)
Measurement of Ng - 15> Particle Identification 4
Number of BB pairs - 1.1 Track reconstruction 0.45
7 Reconstruction -2.54 3 Asymmetry in B-backgrounds (8.5)
Track Reconstruction -1.5 3.9 Total 9
Particle Identification - 1.1
Total -4.04 16

loP HEPP Meeting — Warwick 2006 14



Conclusion

* We have measured (preliminary!):

- Branching Fraction, B =(17.2+2.5(stat.)+2.8(syst.)).10°
- Longitudinal Polarization, f, = 0.96+0.04+0.05
- Charge Asymmettry, Acp = 0.10+£0.14+0.09

 B*—p*™p?is almost 100% longitudinally polarized,
as seen in previous measurements

e Measured B is smaller than previous
measurements (but still consistent)
- In better agreement with the isospin hypothesis

- Improves our understanding of the penguin pollution
uncertainty on a
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Backup Slides
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Previous Measurements

Belle analysis (Phys. Rev. Lett. 91, 221801) with 78 fh~t:
- 5= (31.7i7.1(sta,t)f§;§(syst)) x 1078,

w fr = 0.95 £ 0.11(stat) £ 0.02(syst),

w Acp = 0.00 4 0.22(stat) £ 0.03(syst).

BABAR analysis by LBL (BAD 483, Phys. Rev. Lett. 91, 171802) with 81.9fb™* ;

o sh= (22.5‘_"?:1(51:&1:) 4 5.8(syst)) x 107¢,
- f; = 0.977503(stat) & 0.04(syst),
w Acp = —0.19 £ 0.23(stat) + 0.03(syst),

BABAR analysis by Saclay (BAD 692, unpublished) with 81.9 fb™! :
w B = (17.9735(stat) +2.4(syst)) x 107,

- f; = 0.87175 08 (stat) & 0.05(syst),

w Acp = —0.02 £ 0.09(stat) 4= 0.04(syst).

This analysis: based on BAD692, with improvements
to the model, performed on the Runl-4 dataset
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Event Selection and Efficiencies

Selection criteria Signal [long]  Signal [tran] Data [off-res|
Skim ;
BFourHHHP ahd mee > 5.24GeV/e | ATE£05% 41.9+£04% =
=t tracks
‘ pt-veto 0T+1% 084+ 2% 88+ 1%
ef-veto 084+ 1% 984+ 2% N+1%
, K*-veto 05+ 2% 044 2% BG4+ 1%
v ~ and 7
4 E. > 50 MeV 05 + 27 05 + 2% 00 & 2%
m w O :
. ES cut was 0.01 < LAT, < 0.60 06+ 2% 9T+ 2% 924 2%
tightened to | cos(7°,7)| < 0.95 09+ 2% 09 + 2% 09 + 2%
expedite the £ mesons ,
o |mes — TT1[ < 375 MeV/ 88+ 2% 024 2% 5E 4 20
fitting process mo > 520 MeV/c? 07+ 2% 08+ 2% 83+ 2%
\_ _ ) cos £+ = —0.80 T4 2% 06+ 20 TTL3%
| cos € 0| < 0.95 85 + 2% 99 + 2% 884+ 3%
\ D° veto
i |mpe et — 1.8645) > 0.04GeV/c2 | 97T+2% 99 + 2% 984+ 3%
Multiple B . mpigrto — 1.8645) > 0.04GeV/c2 | 98+2%  100+2% 00+ 3%
Candidates: AN
tructed g0 |AE| < 150 MeV 024 2% 96+ 2% 0+3%
LD IEIIOLEE. ot " 11< Epspor < 5.6 08.85 4 0.03% 08.7040.04%  05.73+0.33%
mass closest to ryy >0 WL£1% 0l +1% 16+1%
PDG 7t© mass | INN < 09.1+04% 99.14+05% 099+09%
mEs > 5.26 GeVie 02034 012% 97694 0.07% —
Signal (Lg) Signal (Tr) SxF (Lg) SxF (Tr) Data (Off-res)
8.4% 18.6% 4.6% 3.0% 0.03%
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B-Backgrounds

 Most peaking backgrounds are suppressed by the D-veto
16 B-Backgrounds are modeled in the fit
e All KEYS PDFs

Mode E Events 1n fit
Specfic Charmed B Decays -
B Do - 120 ) | Model from generic
— e - { .
B~ — D" - 566 BB MC using BRs
B- — D*p- - E21 :
Generic Charmed B Decays assumed 1N the
B” — any charmed except D% - 2621 :
Bt — any charmed except D% - 1187 generatlon
Specific Charmless E Decays -
Bt — K0+ (105+18)x 1076 2444
with B(K*® — K+r~) = 2/3
Measured BR B — ptpm (2624 3.7) % 1076 154422
BY — ot (120 4£65) % 1076 30+ 15
with B(n' — pvy) = 0.295 £ 0.001
i Bt = ad(— grnF)nt (124£12) » 107° 50 & 50
Estimated BR B* — af (— pOH) 5400 (G£A) %107 29 4 22
Bt — a)p™[long] (484£48) » 107" 1824+ 182
j . Bt — at(— ptm)° (48448) =« 107" 1224122
Determined in fit to B* — p*fy - 12429
Generic Charmless E Decays
data “other charmless” - 1510 4 224

B® and Bt — 5-body = 303
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Signal & qqg Continuum Model

KEYS = non-parametric PDF

G = Gaussian

PDF parametrizations: | |
BG = Bifurcated Gaussian

Pn = nth order polynomial

Variable Signal qq Continuum
Meg KEYS Argus
AE G+G P2

XN KEYS G+BG
cosB,, PG

|cosB | P6+G 2D Model
m, G+G+G

Mo G+G+G
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