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Abstract To obtain a pure electron sample with high statistics, which is necessary for the asymmetry and
cross section analysis for the small angle GDH experiment in JLab Hall-A, the information in shower and gas

Cerenkov has been used in the particle identification. Due to the dependence of the kinematics, the PID cut

and the corresponding efficiency have been optimized for different runs.
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1 Introduction

The Gerasimov-Drell-Hearn(GDH) sum rule!™
applied to nuclei relates the total cross section of cir-
cularly polarized photons on a longitudinally polar-
ized nucleus to the anomalous magnetic moment of
the nucleus:
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where Q% = —(k —k’)? is the negative four momen-
tums square of the exchanged photon, k and k' are
the four momentums of the incoming and scatter-
ing electron, respectively. op and o, are the total
photo-absorption cross sections on nucleus, with nu-
clear spin J parallel and antiparallel to the photon
polarization, s = p—Jgh/M is the anomalous mag-
netic moment of the nucleus, where ¢ and M are the
charge and mass of the nucleus. The lower limit is
the photo-nuclear disintegration threshold.

The difficulty associated with the real photon ex-
periments is that to measure the total absorption

cross section, one needs to detect particles at all the
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solid angles, which is often not possible due to the in-
complete coverage of the detectors. Inclusive electron
scattering would be an attractive alternative method
to measure the GDH sum rule, it proves one can mea-
sure at very low Q? and extrapolate to Q% =0. The
extrapolation will be reasonable if the slope of the
GDH sum at the @2 =0 point is smooth and can be
measured.

There are some data at very low Q2 range from
0.01 to 0.5(GeV/c)? with the polarized electron scat-
tering of polarized *He by using the JLab Hall-A sep-
tum magnets[?’], with which the Q? dependence of the
GDH sum rule can be studied at this low Q2 range.
The slope of the GDH sum rule at Q% near zero can
be measured and a reasonable extrapolation to the
real photon point might be obtained.

To obtain the Q? dependence of the GDH sum
rule, the cross section and cross section asymmetry
for the scattering have to be measured. So the elec-
tron should be separated from the background parti-
cles, which are particles produced by reactions other

than (ep — €'p) scattering. During this experiment
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the background mainly came from pions resulting
from pion photo-production. The particle identifica-
tion (PID) for this experiment was accomplished by
a CO, threshold gas Cerenkov detector and a double-
layered shower counter, which were called the pre-
shower and the total-shower.

Since the information in shower counter depended
on the kinematic of the particles[4], a same cut would
lead to different cut efficiencies for different kinematic
runs. To decrease the statistic uncertainty in this ex-
periment, a high electron acceptance efficiency was
required. One had to select different PID cuts for
this requirement.

The PID efficiency was characterized by electron
acceptance efficiency €, and pion rejection factor 7,
where ¢, was defined as the ratio of the number of
electrons that were identified by the detector and the
total number of electrons that entered the detector,
1. was defined as the ratio of the number of pions
that were rejected and the total number of pions that

entered the detector.

2 Particle identification

PID could be achieved by the Cerenkov detector
and shower counter with two methods. One was to
combine the information in two detectors for the PID.
Another one was to use the independent cuts on the
information in Cerenkov detector and shower counter.
The former one was expected to have a higher elec-
tron acceptance efficiency and pion rejection factor.
But one couldn’t obtain pure electron or pion sam-
ples without the Cerenkov detector or shower counter
at GDH experiment. The efficiency of the combined
method depended on the simulation. This method
was not so ideal since it was hard to fully describe
the detectors in the real situation at JLab Hall-A.
Because the particle identification of Cerenkov detec-
tor and shower counter was based on different mecha-
nisms, the cut efficiencies of these two detectors were
not correlated. We therefore used the cut based anal-
ysis to extract the PID efficiency of shower counter
by using the sample selected by the Cerenkov detec-
tor, and vice versa. As the efficiency of shower cut

depended on the particle kinematics, the shower cut

should be optimized.

2.1 Performance of the gas Cerenkov detec-

tor

The threshold gas Cerenkov detector for the GDH
experiment was filled with CO, at atmospheric pres-
sure whose refraction index was 1.00041. The thresh-
old speed and momentum were
me

, pE———. 2)

n2—1

c
YT

So the threshold momentums for electron and pion
were about 18MeV/c and 4.9GeV/e¢, respectively.
The acceptance momentum range for the JLab Hall-A
spectrometer was from 0.3 to 4.0GeV. Thus the elec-
trons could emit Cerenkov light and trigger an ADC
signal but pions couldn’t do that directly. The lat-
ter could interact with the matter it passed through
and generated 0 electron. The & electrons would emit
Cerenkov light and trigger the ADCs. But the 9 elec-
trons in general did not move in the same direction
as the scattered electrons, so the Cerenkov light emit-
ted by & electrons would not be efficiently collected
by the mirrors. The ADC signals generated by 0 elec-
trons were mostly in single photo-electron peak[4] and
the ones from the scattering electrons were mostly in
multi-electron peak.

The single photo-electron peak was scaled to
200 after the calibration correction for the Cerenkov
detector®. One could separate the electrons from pi-
ons with the cut on the sum of ADC(}" ), the total
signals in the Cerenkov detector.

The information of deposit energies in the pre-
shower counter and the total-shower counter might
help to provide a clean electron sample and pion
sample for the optimization of the PID cuts in the
Cerenkov detector. Fig. 1(a) shows a scattering plot
of E,./p vs. Eg,/p for one particular kinematic run in
1992, where p is the momentum of the charged track,
E, and E, are the corresponded energy deposit in
the pre-shower and the total-shower counter. As
shown in Fig. 1(b), the pion sample is selected by the
requirements of 0.2 < Ey,/p<0.4 and 0.03< E./p <
0.09. The electron sample must satisfy the require-
ment of 0.95 < E/p < 1.05 and 0.3 < E,,/p < 0.6,
where E = E,s+ Ey,, the total deposit energy in the



766 Wk W B L5 F 4 L (HEP & NP)

%31 4%

shower counter. The ), . for pions and electrons

are drawn in Fig. 1(c). The variation of electron ac-

cer
e

ceptance efficiency £5°" and pion rejection rate nS*" in
different 3, ., cuts could be obtained from the above

samples. The results are shown in Fig. 2.
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Fig. 1. (a) Eps/p vs. FEgn/p scattering plot;

(b) 7 and e samples; (c) Their summed ADC
signals > .o in Cerenkov detector, the his-
togram and error bars are ), of 7 and e
samples, respectively.
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Fig. 2. Performance of gas Cerenkov: n;" and

e¢” with different cut values on >, . The

statistical uncertainty is represent by the error
bar.

2.2 Performance of the shower counter

In the kinematic range of this experiment, the
negatively charged pion could masquerade as an elec-
tron in the detectors and should be rejected. The
Cerenkov detector provides the primary method of
separating pions from electron, but their characteris-
tic signals in the shower counter could also be used

to tag pions in the data.

The deposit energies in the pre-shower and total-
shower counter could be applied to reject the pi-
ons and other low energy background events, which
The ratio of E/p was
It dis-
tributed around 1 for electrons and 0.3 for pions with

the shower counter calibration'®.

was illustrated in Fig. 3(a).

useful to separate the electrons and pions.

The cluster began
in the pre-sower counter and expanded in the total-
shower counter when one particle passed through the
calorimeter. Usually, the ratio of E,./p for most of
pions was not more than 10 percent, but for electrons
it might be in several ten percent. Pion could be sep-
arated from electrons by using the cut on E,./p. The
cuts on the deposit energy in shower counter would
be adjusted in such a way that the pion suppression
efficiency was optimized to be the maximum while
the electron acceptance efficiency was required to be
above 99%.

cuton E/p (a) 30 - (b)
1.0 .
25 +
0.8
20 +
2 0.6 X
o 2 15|
04
' ? 10 4
0.2 5 U
0 N l' ----- -
0.2 0.40.6 0.81.0 0.1 02030405
Eglp E.J/p

Performance of the

shower counter.

Fig. 3.
(a) the scattering plot of electron sample;
(b) Eps/p for electron (error bars) and 7t (his-
togram).

The correlation between E/p cut and E,./p cut
must be carefully handled. One had to avoid dou-
ble counting those events dropped by two cuts. The
E/p cut was adjusted until its inefficiency was about
0.5% firstly for an electron sample which was selected
with a tight Cerenkov cut(here it was 1500 < ¥ apc <
2000). Then this E/p cut was applied to the sam-
ple to count the events dropped by the pre-shower
counter cut E,;/p. The E/p cut was obtained while
the inefficiency of the combined two cuts was less than
1%. The pion rejection could be obtained directly

with the optimized shower cuts.
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The performance of the shower counter cut was

shown in Fig. 3.
2.3 PID cut and efficiency

The PID cuts in Cerenkov detector obtained from
Fig. 2. As high €% and 7" are required, the X apc
can be selected to be higher than 350. The £
and n¢" with this cut are 99.68+0.10(stat.)% and
08.6240.12(stat.)%, respectively.

The shower cuts are adjusted to E/p > 0.77 and
E,s/p>0.095. The electron acceptance efficiency e
and pion rejection 7 of the optimized shower cuts
are 99.0740.11 (stat.)% and 99.05+0.13 (stat.)%, re-

spectively.

Table 1. The optimized shower cuts and PID
efficiency for different kinematic runs(Xapc >
350).

Evm Py E/p  Eps/p ce(%) nr (%)

1.541 1.250 0.81 0.095 98.73£0.14  99.9940.25
1.541 1.157 0.80 0.100 98.684+0.15  99.99+0.25
1.541 1.075 0.79 0.095 98.714+0.14  99.99+0.24
1.541 0.997 0.77  0.095 98.75+£0.16  99.9940.24
1.541 0.919 0.76 0.105 98.744+0.15  99.99+0.23
1.541 0.785 0.73 0.110 98.77+£0.16  99.9940.22
1.148 0.907 0.79 0.110 98.684+0.13  99.99+0.24
1.148 0.850 0.78 0.115 98.64+0.14  99.9940.24
1.148 0.794 0.76 0.105 98.631+0.14  99.99+0.23
1.148 0.728 0.73 0.120 98.65+£0.14  99.9940.23
1.148 0.671 0.72 0.125 98.644+0.15  99.99+0.22
2.235 1924 0.80 0.110 98.71£0.14  99.9940.23
2.235 1.789 0.79 0.105 98.704+0.14  99.99+0.23
2.235 1.440 0.78 0.115 98.72+£0.15  99.9940.22
2.235 1.246 0.76 0.120 98.684+0.16  99.99+0.21
2.235 1.078 0.75 0.130 98.64+0.16  99.9940.22
2.235 0.952 0.74 0.130 98.634+0.17  99.99+0.21
3.322  2.383 0.82 0.090 98.77+£0.16  99.9940.24
3.322  2.288 0.81 0.100 98.784+0.16  99.99+0.23
3.322 2.128 0.80 0.110 98.75£0.16  99.9940.23

So the PID cut efficiency, the electron acceptance

efficiency e, and the pion rejection 7,, could be cal-

culated as:

Eo= % xeh =98.75+0.16%,

Ne= 1—(1—7) x (1—7h) =99.99+0.24%.

Because the width of E/p and E,./p depends on
the kinematic of particles, the shower cuts should be
optimized for different kinematic runs. Following the
cut selection method mentioned before, the optimized
shower cuts and the PID efficiency for all kinematic
runs at GDH experiment have been obtained, which
are shown in Table 1, where the ¥ spc is required to
be higher than 350.

The Fy.., P, are the incident beam energy and
the momentum of the scattering electron with GeV

unit, respectively. The scattering angle is 6°.

3 Conclusion

The PID cut and its efficiency for the small angle
GDH experiment have been optimized. Because of
the dependence of the kinematic, 20 PID cuts are
obtained for the responding runs. After the PID op-
timization, the electron acceptance efficiency is about
98.60+0.15 (stat.)%, the pion rejection is higher than
99.99+0.25 (stat.)%. The pion and low energy events
can be rejected effectively by the gas Cherenkov de-
tector and shower counter. The statistic is at a high
level which can lead to a better uncertainty for the
cross section and its asymmetry calculation. The sys-
tematic uncertainties, which mainly come from the

resolution of detectors, are not included here.

We would like to thank J.P. Chen for his sugges-
tion and V.Sulkosky, X.C. Zhen, K. Slifer for their

advices.
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