
tomography analysis that uses the pþ-eþne posi-
tron tracks recorded by the MWPCs. The beam spot
is almost symmetric and is centered on the target,
with horizontal and vertical profile rms widths of 7.6
and 8:4 mm; respectively. The two-dimensional x–y
beam profile is represented in our analysis by two
separated, rotated, and then modulated Gaussian
distributions. The details of our algorithm are
described in a separate publication [16].

The longitudinal distribution of stopping pions
in the active target scintillator is calculated in a
GEANT simulation and agrees very well with the
back-tracking tomography reconstruction of the z
coordinate beam profile. Fig. 16 shows the Monte
Carlo histogram with the sz width of 1:7 mm:

The temporal stability of the beam stopping
distribution, namely its position inside the target
and its spread, are monitored continuously with
the back-tracking tomography algorithm. The
lateral and the longitudinal centroids of the pþ

stopping spot varied with rms widths ofC0:05 and
0:2 mm; respectively, during the 3-month calibra-
tion period.

The distances from the forward beam counter
BC and the pion production E target to the center
of the stopping target are 3.87 and 16:83 m;
respectively. The eþ and mþ times relative to the
pþ arrival time, calculated under the assumption
of no decay-in-flight contamination, are then "7:3
and "2:8 ns for the BC–AT path and "12:6 and
"12:1 ns for the E–AT path. Fig. 17 shows the
beam composition revealed by this method. The

expected eþ=mþ TOF values quoted above are
indicated by the cross markers and agree reason-
ably well with the measured relative timings. The
mismatch is due to timing walk in the beam
counter discriminator. The extracted eþ and mþ

beam contaminations in the p-in-beam trigger
measured in TOF spectra are small, 0.4 and 0.2%,
respectively.

Calibration runs were performed using a relaxed
trigger configuration to study the pion beam
contamination. We retain a remarkably clean pþ

beam spot with less than 1.0% nonpionic contam-
ination even after omitting the RF signal in the pþ

beam coincidence and reducing the degrader dis-
criminator threshold by a factor of three, well below
the muon and positron energy depositions. In
addition, the measured eþ beam fraction value
was confirmed by using an extended target with a
50 mm long passive front section that stopped pþ

and mþ components. Monte Carlo simulations with
pþs generated at the forward beam counter position
predict an eþ contamination of 0.5% at the target
position, arising mostly from mþ decays in flight.

4. Cylindrical MWPCs

The primary need for a tracking detector in the
experiment is due to the p-en ðpe2Þ decay trigger.
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Fig. 16. The longitudinal ðzÞ component of the pþ stopping
distribution in the active target calculated in a GEANT simulation
using the momentum distribution given in Fig. 5.

Fig. 17. Beam particle identification using the TOF method.
The TOF difference between the forward beam counter BC and
the active target AT, which are separated by 3:87 m is plotted
along the vertical axis. The horizontal axis shows the particle
TOF between the production target E tagged by the 50 MHz
accelerator rf signal and the active target AT. The beam path
length between these two points is 16:83 m:
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