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Hadronic vs e+e- collide

Hadronic machines:

• enormous production of b-hadrons (σbb ~ 50

• all b-hadrons can be produced

• trigger is challenging

• complicated many-particles events

• incoherent production of B mesons



 decays
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est frame.

 boost the Y(4S)
 spatial separa-
e+ e- collider at the Y(4S):

• copious production of b-hadrons (σbb ~ 1 nb)

• only B0 and B+ can be produced

• trigger is moderately easy

• simple events, all the particles come from B

• coherent production of B mesons in a L=1 s

• B are produced almost at rest in the Y(4S) r
Travel ~26µm before decaying in that frame
Solution: use beams of different energies to
rest frame w.r.t. the lab frame increasing the
tion of the decays making it measurable



KEK-B vs PEP-II

Both started in may/june 1999

KEK-B:
8.0 Gev electrons and 3.5 GeVpositrons
βγ = 0.42

PEP-II:
9.0 Gev electrons and 3.1 GeVpositrons
βγ = 0.56
mean separation between decay vertices: 260µm

CM boost:
•  folds particles forward
• Increases momentum range to cover with Particle ID















   Objectivity Performance & Scalability Tests



Offline Prompt Reconstruction Latency



econstruction.
er large
CP violation measurements require:

• Excellent tracking performance and vertex r
• Charged particle identification (e,µ, K, π) ov

kinematic range.

• Neutral particle reconstruction (γ, π0 , KL
0 ).



The BaBar Detector
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Silicon Vertex Tracke

Performance Requirements:
• ∆z resolution < 130µm
• Single vertex resolution < 80µm
• Stand-alone tracking for Pt < 100 MeV/c

PEP II Constraints:
• Dipole magnets (B1) at +/-20 cm from intera

• Polar angle: 17.2o < θ < 150o

• Bunch Crossing Period 4.2 ns

• Radiation exposure at innermost layer:
average 33Krad/year
in beam plane: 240 Krad/year



er measurement
 Pt tracking
5 layers of double-sided AC-coupled Silicon

Custom rad-hard readout IC (the AToM chip)

Stand-alone tracking for slow particles:
• inner 3 layers for angle and impact paramet
• outer 2 layers for pattern recognition and low











SVT Hit Resolution vs Incident Track Angle



Drift Chamber









 DCH hit resolution ~ 140 mm

dE/dx vs momentum
π/k 2 σ separation up to
700 MeV



Tracking:

             σPt/Pt ~ 1% @ 3 GeV

doca:
asymptotic resolution ~35µm
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 phototubes.
Detector for Internally Reflec

Ring imaging Cherenkov detector based on to
reflection.

Uses long, rectangular bars made from synth
("quartz") as both radiator and light guide.

A charged particle traversing a DIRC quartz b
β produces Cherenkov light if ηβ > 1.

Through internal reflections, the Cherenkov lig
sage of a particle is carried to the ends of the
array of 11,000 conventional 2.5 cm-diameter



the angle of the
f this angle, in
omentum from

e particle mass.
The high optical quality of the quartz preserves
emitted Cherenkov light. The measurement o
conjunction with knowing the track angle and m
the drift chamber, allows a determination of th





         Impact on D0  purity
         Background rejection
         factor ~ 5



y D*+ --> D0 π+

 π and k from D0 --> K- π+

 D0 and D0 are tagged reconstructing the deca
 K efficiency ~ 80%
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 at an inner
Electromagnetic Calorim
CsI(Tl) crystals
Barrel: 5760 crystals, 48 polar-angle rows, ea
identical crystals in azimuthal angle
Endcap: 820 crystals, in 8 theta rings, starting
radius of 55.3 cm from the beam line.
material in front: 0.20-0.25 Xo



a photodiodes

ation in front of
readout by 2 large are

liquid source for calibr
the crystals

                    expected energy from
                    the track angle



π0  reconstruction
expected resolution: 6.5 MeV

electron ID:
ε ~ 95%
π misID ~2%
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Inclusive Reconstruction:

                         D0->K- π+

                         σ=8.8 MeV

   B0 -> D
   σ ~ 3 M



 γγ mass
  π0 and η in

Ks−>π0π0

Ks energy > 1.5 GeV



Vertexing
Performances

resolution is improved
by usingkinematic constraints
(masses, directions, beam spot
position)



D0 lifetime consistent with the world average



m BaBar

the crucial
Example of CP analysis fro

We have looked at BaBar performances w.r.t. 
elements of a CP analysis

We are now ready to discuss an example:

B ->J/ψ Ks
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Ks reconstruction:
• pair tracks with opposite charge

• perform a vertex fit (usually apply a cut on P
• add some cuts to reduce combinatorial back

angle between direction of flight and directio
Pt of daughters w.r.t. the Ks flight direction

Ks−>π+π−

double gauss
70%first gau
2.8 MeV reso



J/Ψ reconstruction

J/Ψ−>µµ
• require tracks to be muons
• p* (J/Ψ) < 2 GeV

• prob(χ2) > 1%.

J/Ψ−>ee
• require tracks to be electrons
• Apply Brehmsstrahlung recovery
• p* (J/Ψ) < 2 GeV

• prob(χ2) > 1%



  efficiency~ 64%

Data set: 1.9 fb-1    ~ 1500 events
M = 3093.4 MeV σ=15.3 MeV                        



 efficiency~ 52%
daughters
Data set: 1.9 fb-1   ~ 1200 events
M = 3090 MeV σ=14 MeV                                
Brehmsstrahlung recovery is applied on both 



at the B mass
B reconstruction

Take advantage of kinematics
In the Y(4S) rest frame:

For signal events:
• ∆E peaks at 0
• mB (beam energy sobstituted mass) peaks 

Study signal and background in∆E vs mB plot



28+/-5 J/Ψ Ks events

π+π−

                   l+l-

MB = 5281.4 MeV



281.4 MeV
Cross check:

109 +-11 B+ -> J/Ψ K+ events                   MB = 5



h method!
Tagging

the other B has to identified as a B0 or an B0

One can use:
• the sign of lepton from B decays

• the sign of kaon from B decay products

• lepton-kaon

• jet charge (no PID used)

to be evaluated the mis-tag probability for eac



Example: Lepton Tagging

Br(B -> l X) ~10%



g on momentum
Cascade decays can give lepton of both sign

Clean sample of leptons from b decays cuttin
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Want:
• high efficiency: maximize the fraction of eve

tagging category
• high purity:  minimize fraction of wrong tag:

the measured asymmetry is related to the tr
Aobs = D*AtruewhereD = 1 -2w   (w wrong ta

Rather than using a set of cut, assign to each

The statistical uncertainty in the measured as
events tagged in a given category c is:

          where
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d tracks clearly
Locating decay vertic

for CP decay:
• the decay is fully reconstructed: perform a v

for tag decay:
• may not have complete decay
• in principle can use all remaining tracks, but

certenly includes tracks from long lived inter
cles

• use different tecniques:
if there is an high energy lepton use point on
to IP
otherwise discard badly measured tracks an
from secondaries



We are interested intCP - ttag

We measure∆z



Fitting the CP asymmetries

The time dependent rate forY(4S) -> Bfcp Btag

can be written as:

“+” sign if the recoiling B tag is a B
“-” sign if the recoiling B tag is aB



 the finite vertex

ibution becomes:
The observed measurements are smeared by
resolution.

Assuming gaussian errors, the observed distr



il tag is B (B)
There are not pure sample of B orB tags

We measure the probability b (b) that the reco

The probability of one CP events become:



according to
ecomes:
Usually the probability b and b are measured 
some variable x. The probability distribution b

and can be rewritten as:

where
q(x) = (b(x) -b(x))/(b(x) +b(x))

and
n(x) = b(x) +b(x)



Including the vertex resolution:



Want value of A that maximize the likelihood:



 can be calcu-
The uncertainty in the likelihood estimate of A
lated from:

One gets:



und:

 event with per-
Including an error due to a symmetric backgro

• NS is the number of signal events
• NB is the number of background events
• σ0 is the contribution to the error for a single

fect tag
• ε is the tagging efficiency
• w is the wrong tag probability

With 10 fb-1 we expectσ(sin2β) ~ 30%
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Conclusions:

BaBar and PEP II are working very well

First results in few weeks at ICHEP 2000 (Os

Stay tuned for our measurement of sin2β !


