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The TPCl2-r program at PEP has been upgraded by increasing the PEP luminosity and by the adding a vertex chamber 
to the TPC detector. These improvements will allow a strong program in B and r physics, and will contribute to ongoing 
studies in two-photon physics and hadronization. 

The TPC is now the only detector on the PEP 

storage ring at SLAC.’ A major strength of the TPC 

is its charged particle identification over an active re- 

gion of 87% of 4~; the dE/dx resolution for hadrons is 

3.4%. The TPC operates in a 1.325 T magnetic field 

with a momentum resolution of (up/~)2 = (0.015)2 + 

(0.007~)~ where p is in GeV/c. The detector has been 

upgraded recently with the addition of a 14-layer straw 

drift chamber2 (vertex chamber) with the innermost 

layer 4.9 cm from the beam. The vertex chamber mea- 

sures tracks in the z-y plane with a 120 pm impact 

parameter resolution at 1 GeV/c. Both the TPC mo- 

mentum resolution and the impact parameter resolution 

will improve as the vertex chamber information is used 

to correct electric field distortions in the TPC. 

Photons are detected with an electromagnetic calo- 

rimeter which surrounds a 0.9 radiation length super- 

conducting magnet coil. The energy resolution of the 

electromagnetic calorimeter is 16%/a below 1 GeV 

where E is in GeV, and about 14% for Bhabhas. 

Figure 1: A  hadronic event in the TPC vertez detec- 
tor. Straws that are hit are indicated by circles; the ra- 
dius of the tide is the drift distance. The two-track res- 
olution of the vertex chamber is between 0.5 and 1.0 mm.  
The inner and outer walls of the vertez detector are at 
4.5 and 15.6 cm, respectively. 

The luminosity of PEP has been increased by a 

factor of roughly 2.5 by moving the quadrupole mag- 

nets closer to the interaction point, reducing j3; from 

12 cm to 5.5 cm. Typical peak luminosities of 6 x 

103’ cmm2 set-l were achieved last fall with peak total 
. . 

currents of about 42 mA. Our current was limited by 

higher mode losses which caused unacceptable heating 

of the vertex chamber, and our reduction of pi was lim- 

ited by background from a 37 m  mask that interfered 

with the beam stay-clear. By removing the mask and 

water-cooling the vertex chamber, we expect to reduce 

/3; to 4 cm and to increase the current to 52 mA; this 
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represents a peak luminosity of 1O32 cmm2 set-‘. The 
* center-of-mass energy of PEP has been reduced from 

29 GeV to 27 GeV, allowing more RF clearance to ex- 

periment with further increases in the current in the 

near future. In order to improve our integrated lumi- 

nosity, the injection to PEP has been upgraded to make 

use of the low emittance beams from the SLC damping 

rings3 This decreases the positron emittance by an or- 

der of magnitude over previous running. The injection 

has also been upgraded to provide energy feedback from 

the transport line to the linac so that the beams are sta- 

ble in energy when they are delivered to PEP. Figure 2 

shows a history of PEP running last fall. Towards the 

end of the running cycle, integrated luminosities in ex- 

cess of 1 pb-’ per day were delivered to the TPC. Most 

of this was delivered during the 12-hour period when the 

storage rings were allowed to fill. PEP has been allotted 

29% of the linac time to fill. Based on our experience of 

switching between SLC operation and storage ring fill- 

ing last fall, we project 250 pb-’ of data per six months 

of running. This number will continue to improve as the 

stability of SLC improves. 
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Figure 2: Integrated luminosity delivered to the TPC 
for each day during Fall 1988. 

With the upgraded luminosity, we expect to collect 

1 fb-’ of data over the next three years. After fidu- 

cial cuts are made, these data will provide 36,000 a 

events in a detector with excellent particle identifica- 

tion and vertex resolution. The B mesons produced at 

PEP are moving in the laboratory with a 1 mm decay 

length. This separates the decay products into two jets 

and allows lifetime measurements. A high transverse 

momentum (pi) lepton may be used to tag B mesons 

with an efficiency of 8% and a charm background of 

15%. Using this lepton to perform an impact param- 

eter measurement with the vertex chamber, we expect 

a measurement of the generic B l ifetime to 0.08 psec 

with 1 fb-’ of data.’ The present average B l ifetime is 

measured to be 1.15 f 0.14 psec.4 

It is estimated that 17% of the B mesons produced 

are B, which are expected to contribute to a B”i? mix- 

ing signal.’ The mixing of the B 0-o B system will be mea- 

sured by tagging each jet with a high pr lepton. We 

expect 230 such tagged events in 1 fb-’ of data. Fig- 

ure 3 shows the total number of like-sign lepton pairs 

expected versus the mixing parameter rs of the Bj’g 

system, where ri = N(Bf + i$ -+ I-i+X)/N(Bf + 

I+rqX). The parameter rd is taken to be 0.20. The 

TPC should confirm mixing in the B system to at least 

five standard deviations. There is about a three stan- 

dard deviation difference between the case of no mixing 
04 and maximal mixing in the B, B, system. 
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Figure 3: Number of like-sign lepton pairs versus B, 
mizing for rd = 0.20 for 1 fb-’ of data at PEP. 
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At a 27 GeV center-of-mass energy, the cross section 

for r+~-(-y) production is 156 pb-‘. This represents a 

large sample of moving r’s for a lifetime measurement 

(7&rZ = 650 pm) and for branching ratio studies. The 

PEP-TPC/27 program should begin to make an im- 

portant contribution to the study of exclusive r decays 

with 300 pb-’ of data. 

The r lifetime is directly related to B,, which is 

the branching ratio for the decay T- + e-ire+: or = 

(m,/mr)‘r,,Be. Hence, a measurement of 7, using a 

vertex chamber should agree with a measurement of 

Be. The world average for rr from vertex chamber 

measurements is (3.04 f 0.08) X lo-l3 sec.5’6T’ Using 

the world average for Be (17.5 f 0.4%), we have TV = 

(2.80 f 0.06) x lo-l3 sec. ’ The discrepancy between 

the two numbers suggests that the measurement of B, 

may be too small, but the errors are too large to con- 

clude anything. With 1 fb-1 of data, the TPC will have 

16000 one-one prong r events and 8000 one-three prong 

events after all selection cuts are applied. This allows a 

measurement of rr to the same precision as the present 

world average. 

There still remains a discrepancy between the sum of 

exclusive one-prong branching ratios of the r and the in- 

clusive one-prong branching ratio.8 This discrepancy is 

four standard deviations if CVC and isospin are used to 

set limits on exclusive r decay modes where only exper- 

imental upper limits are available (these are typically 

modes where multiple neutral mesons are present). One 

example of this “one-prong problem” concerns the TPC 

measurement of the decay T- + A’~‘A-I+. The aver- 

age branching ratio is 7.5 f0.9%.’ Isospin restricts this 

branching ratio to be no larger than the branching ratio 

of the charged mode: r- ---) rr-z-&u,.” The average 

branching ratio measurement for the charged mode is 

6.8 f0.6%.’ This implies that BR(r- + T~T~?~--Y,) 5 

7.8% at the 95% confidence level. However, the TPC 

measures BR(T- + ?r”xor-v,) > 8.3% at the 95% 

confidence 1evel.l’ This measurement will be repeated 

at a higher integrated luminosity. 

To summarize, the TPC/27 experiment at PEP has 

the advantages of high luminosity, a newly installed pre- 

cision vertex chamber, and excellent charged particle 

identification. The program provides a unique facility 

for the study of hadronization and two-photon physics, 

and we expect it to make important contributions to 

our understanding of B and r decays. 
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