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Lead glass calorimeter calibration and efficiency analysis
for Coulomb sum rule (CSR) experiment in JLab Hall-A
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Abstract: Two layers of lead glass calorimeter are installed for additional PID analyses in each
high resolution spectrometer (HRS) at Hall-A in Jefferson Lab (JLab). The Fumili minimization
method of ROOT analysis software and quasi-elastic data of CSR experiment conducted by the
authors in the early year of 2008 at JLLab were used in the calibration of the calorimeter detector
on HRS for the data analysis of CSR experiment. Since some high voltage changes in hardware
settings, the lead glass calorimeter detector needed to be calibrated correspondingly. The
calibration results are reasonable after this procedure. The best resolution of the calorimeter for
the scattering electron was about 0.048 GeV when its momentum was at 1.0 GeV after
calibration. Total electron efficiency and pion rejection can reach 99. 3% and 99. 8%, respectively.
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0 Introduction

The Coulomb sum rule (CSR)U™ can be
defined more explicitly by

- ij Ri(g, w)
Sule) = ZJo" GE

Eq. (1) was predicted to be unity in the limit

dw @)

of large g, where Ry is the longitudinal response
. | w1 N, .
function, Gp= ((I£+7(7%)§ takes into account the

nucleon charge form factor inside the nucleus
(which was usually taken to be equal to that of a
free nucleon), and ¢ is a relativistic correction™™,
The lower limit of integration 0% excludes the
elastic peak and the excited states of the nucleus.
Z is the number of protons of an atom and w means
energy loss of scattering electron. The CSR can
provide some information of nucleon properties in
the nuclear medium. To obtain the longitudinal
response function R; . the calibration and efficiency
analysis of the lead glass calorimeter detector
should be done for the measurement of cross
sections of electron scattering off targets.

Two layers of lead glass calorimeter are
installed for additional PID analysis in each HRS.
The signal detected by lead glass counters is
linearly proportional to the energy deposited by the
incoming particlef™. In JLab Hall A’s experiment
there are two distributions of energy: low ADC
signal for hadrons and high ADC signal for
electrons. The limitation on PID efficiency of the
lead glass counter comes from separating the tail of
the two distributions and hence depends on the

] At higher energy the relative

energy resolution
resolution of a lead glass counter improves and
leads to better separation between the two
distributions. A double-layered lead glass
calorimeter can provide better separation because
the second layer can further separate the hadrons
which are contaminated with electrons in the first
layer. The two double-layered lead glass
calorimeters have different structures on the left

and right HRSs.

This article is based on the right HRSs. All
lead glass blocks are oriented transversely with
respect to the direction of the scattered electrons,
as shown in Fig. 1. On the right HRS, the front

and second layers of the lead glass counter are

i 'y

called “ Preshower” and “ Shower” detectors,
respectively. The Preshower detector has 2 X 24=
48 blocks of lead glass, 10 cm X 10 ecm X 35 cm,
oriented transversely with respect to the direction
of the scattered electrons. The Shower detector
has 5 X 16 blocks of lead glass, 14.5 cm X
14.5 cm X 35 cm, oriented parallel to the scattered

electrons, as shown in Fig.1l. Preshower and

Shower together are called “ Total Shower”
detector. Due to the different thicknesses of the
lead glass layers, wusually the Total Shower
detector on the right HRS has a better PID
performance than that of the left HRS. This article
will only discuss the calibration and efficiency

analysis of lead glass calorimeter in the right HRS.
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Fig. 1 The schematic of the Preshower
and Shower detectors in the right HRS

1 Calibration

As noted in the above section, the Shower
detectors are segmented into many individual lead
glass blocks, with each block monitored by a single
photo-multiplier tube. Since the cascade is in
general spread laterally over several adjacent
blocks, the outputs are integrated over the entire
detector volume to obtain the total detectable
signal. When the calorimeter has been calibrated
properly, the total deposited energy E will agree
with the particle’s incident energy or momentum P

in the relativistic case.
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The calibration method for Preshower and
Shower is different from the Nal(TD) detector of
the left HRS since there is no bad block for
Preshower and Shower. The calibration constants
were obtained with Fumili fitting method™ , which
was used to minimize the Chi-square function as
follows:

Fe SN A Do p]
il e M;» ke M,

(2)
where i is the number of selected calibration
events; j(k) is the number of Preshower (Shower)
block included in the cluster, reconstructed in the
ith events; M., is the set of Preshower blocks,
included in the cluster; M) is the set of Shower
blocks numbers, included in the cluster; A!and A,
are the amplitude value in the jth Preshower block
and kth Shower block, respectively; Pj, is the
particle momentum; C,and C, are the calibration
constants to be fitted for the Preshower and
Shower, respectively. After the good calibration
constants for different HV settings were obtained,
a plot of E/p after calibration was obtained as
shown in Fig. 2. Since the final peak is actually the
of the
phototubes, the width of the peak can provide a

sum of all the individual outputs

measure of how well the detector was calibrated.
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Fig.2 Preshower and Shower before and after

calibration of right HRS (run number 21 884)

We also checked the E/p peak position
stability at E=739 MeV, angle=60° as shown in

Fig. 3. From Fig. 3 we can see the E/ p peak values
are near 1 from 300 MeV to 700 MeV. The
maximum deviation is about 2% at 300 MeV. The
energy resolution of a calorimeter, expressed in
terms of the normalized o/E. improves with

increasing energy.
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Fig.3 E/p peak distribution at E =739 MeV

angle=60° carbon target

From Fig. 4, we obtained 5. 7%/ JVE at 1 GeV

for average resolution of lead glass calorimeter.
The best resolution is about 4.8%/ JE at 1 GeV
and the worst one is about 6%/ VE at 1 GeV.
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Fig. 4 Resolution of Total Shower at £ =739 MeV

angle=60° carbon target

2 Detection and cut efficiency

The good electrons are selected from TI1
events those with a basic acceptance cut and those

Cherenkvo

triggered. We then determine how many of these

that require the detector to be
events also triggered both the Preshower and
Shower. The average detection efficiency was

better than 99% for almost all runs; A two
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dimensional graphical cut on the Preshower and
Shower detector was applied to select the good
electrons and exclude low energy “junk” events

and pions as shown in Fig. 5.
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Fig.5 The graphic cut efficiency of the scattering
electrons for the Preshower and Shower

at £ =539 MeV, angle=60°

The choice of a graphical cut was made so that
the pion suppression is large while the total
number of good events excluded by the graphical
cut was always less than 1%. The graphical cut
efficiency for electron and pion rejection in Fig. 5 is
99. 6% and 78. 9% s respectively.

3 Conclusion

The Hall-A HRS lead glass calorimeters had
been calibrated throughout the CSR experiment.
The reliable calibration constants were obtained.
The E= p plots for all runs with the corresponding
constants were reasonable, the peak for all runs
were close to 1, indicating that the calibration was
successful. The best resolution of the calorimeter
on Hall-A right HRS for the scattering electron
was about 0. 048 GeV when its momentum was 1. 0
GeV. Finally, we combined the Cherenkov and
Total Shower PID cuts together, and obtained

total electron efficiency

e- = 0.997 X 0.996 = 0. 993(i.e. 99.3%)
and pion rejection
e =1—(1—0.991) X (1—0.789) =
0.998(i.e. 99.8%).
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