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Abstract

The Neutral Particle Spectrometer (NPS) is an advanced calorimeter designed to measure neutral electromagnetic particles with high precision
in energy, time, and position, under conditions of high luminosity and significant background. Integrated into the experimental setup of Hall C at
Thomas Jefferson National Accelerator Facility, the NPS plays a critical role in studies of nucleon structure through exclusive and semi-inclusive
reaction channels. This paper presents an assessment of the detector’s performance characteristics, specifically its energy and timing resolution,
derived from elastic electron-proton scattering data. We report an energy resolution between 1.2% and 1.3% in the 4.5–7.3 GeV range, and an
intrinsic timing resolution better than 200 ps for energies above 500 MeV. These results serve as a reference for current and future precision
measurements in hadronic physics.
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Detector performance, Hall C, Thomas Jefferson National Accelerator Facility
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1. Introduction

The study of exclusive reactions at high energies provides a
powerful tool to probe the internal structure of hadrons in terms
of quark and gluon degrees of freedom [1]. Processes such
as deeply virtual Compton scattering (DVCS) [2] and deep ex-5

clusive meson production (DEMP) [3, 4] grant access to Gen-
eralized Parton Distributions (GPDs) [5, 6, 7], which encode
correlations between parton longitudinal momentum and trans-
verse spatial position offering a three-dimensional imaging of
the nucleon [8]. Achieving high precision in these measure-10

ments requires the detection of photons and neutral mesons
with excellent energy and timing resolution, particularly in high
luminosity environments where backgrounds can obscure rare
processes.

The Neutral Particle Spectrometer (NPS) was developed as15

a state of the art detection system to fulfill this need within the
Hall C experimental program at Thomas Jefferson National Ac-
celerator Facility. Comprising a dense array of PbWO4 crys-
tals [9] coupled to high-resolution readout electronics, the NPS
enables accurate measurements of electromagnetic final states20

with fine spatial granularity and sub-nanosecond timing preci-
sion [10]. Its modular design supports flexible angular posi-
tioning and distance adjustments to accommodate a broad range
of kinematic settings. This work presents the intrinsic perfor-
mance of the lead tungstate crystals obtained using elastic cali-25

bration data. We focus on the extraction of energy and time res-
olution across a wide energy range, leveraging waveform anal-
ysis techniques and clustering algorithms to reconstruct signals
with high fidelity. The results obtained demonstrate the capabil-
ity of the NPS to meet the stringent requirements of the 12 GeV30

physics program at Thomas Jefferson National Accelerator Fa-
cility, and provide a benchmark for its deployment in experi-
ments aimed at mapping the nucleon’s internal structure.

The paper is organized as follows: the following section de-
scribes the experimental setup, including the NPS, the High35

Momentum Spectrometer (HMS), the trigger and readout sys-
tem, and the elastic calibration method. Section 3 details the
data analysis procedures, covering waveform processing, time
alignment, clustering, elastic event selection in HMS, and en-
ergy calibration. Finally, section 4 presents the main results,40

focusing on energy and time resolution measurements.

2. Experimental Setup

2.1. Neutral Particle Spectrometer (NPS)

The Neutral Particle Spectrometer is a high-resolution elec-
tromagnetic calorimeter designed for precision measurements45

of gamma-rays. It consists of 1080 high-quality PbWO4 crys-
tals (2.05×2.05×20 cm3) arranged in a 36 × 30 tower matrix
(Figure 1). The calorimeter is mounted on a movable platform
using the Super High Momentum Spectrometer (SHMS) car-
riage, allowing variable positioning at different distances from50

the target and angular coverage between 6◦ and 25◦. PbWO4
crystals were selected for their excellent calorimetric proper-
ties, including a small Molière radius (RM = 2.19 cm) and short
radiation length (LR = 0.89 cm), resulting in high granular-
ity. This makes them ideal for reconstructing electromagnetic55

showers in the energy range of 0.1 to 10 GeV [11]. The crystals
are mechanically supported by a precision carbon matrix. Each

Figure 1: Front view of the Neutral Particle Spectrometer (NPS). The NPS
comprises a 36× 30 matrix of PbWO4 crystals and is placed inside a black box
to prevent light leakage.

crystal is optically coupled to a Hamamatsu R4125 photomulti-
plier tube (PMT). PMTs are equipped with a custom high volt-
age active bases that include built in pre-amplifiers [13]. Ther-60

mal stability is also maintained to prevent temperature-induced
light-yield fluctuations. The readout system features deadtime-
less digitizing electronics, ensuring precise waveform acquisi-
tion for all channels in high-luminosity environments.

2.2. High Momentum Spectrometer (HMS)65

The HMS plays a central role in the reconstruction of scat-
tering events in Hall C experiments at Thomas Jefferson Na-
tional Accelerator Facility [14]. As a magnetic spectrometer de-
signed to detect and identify charged particles, primarily elec-
trons, the HMS provides precise measurements of momentum,70

angle, and trajectory, which are essential for exclusive reac-
tion studies [15]. In all the approved experiments involving the
Neutral Particle Spectrometer (NPS), the HMS is used to de-
tect the scattered electron in coincidence with photons or neu-
tral mesons observed in the NPS (Figure 2), enabling full kine-75

matic reconstruction of the event. The spectrometer includes a
set of quadrupole and dipole magnets, coupled with drift cham-
bers for tracking, scintillator planes for timing, Cerenkov and
calorimeter detectors for particle identification as shown in Fig-
ure 3. The HMS can be rotated to angles as low as 10.5◦ and80

as high as 90◦, covering momentum ranges from 0.5 GeV/c to
over 7 GeV/c. This flexibility makes it invaluable for mapping
cross-sections across a wide kinematic domain.

In the context of triggering, the HMS scintillator planes pro-
vide fast timing signals used in coincidence with the NPS to85

form the Level-1 hardware trigger. The timing precision of the
HMS is critical for identifying valid coincidence events and for
rejecting accidental background, especially in high luminosity
experiments [17, 18]. Its well-understood optics and stable per-
formance over decades of operation provide a reliable anchor90
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Figure 2: NPS calorimeter and HMS spectrometer in Hall C. The NPS is
mounted on the SHMS carriage. In the DVCS experiment, an electron beam
coming from the left interacts with the target, producing a photon that is mea-
sured by the NPS. The coincident scattered electron is tracked and momentum-
analyzed by the HMS.

Figure 3: HMS focal-plane detectors. Particles enter from the lower left and tra-
verse toward the upper right. The gas Cherenkov and electromagnetic calorime-
ter provide particle identification (PID), the two scintillator hodoscope planes
supply the trigger (and time of flight reference), and the drift chambers deliver
precise tracking of the trajectories. [16].

for multi-detector setups, and its resolution in momentum and
timing ensures accurate vertex and energy reconstruction.

2.3. Triggering System and Signal Processing in NPS
A comprehensive description of the NPS Hardware and

triggering system will be presented in a future publication.95

All 1080 PbWO4 channels are digitized by the deadtime-less
fADC250 modules with 12-bit resolution at 250 MHz. FPGA
processors identify pulses above a programmable threshold and
find clusters within 3 × 3 arrays around each seed crystal. In
response to either an HMS trigger or combined NPS∩HMS co-100

incidence trigger, waveforms are written to the external data
file.

2.4. Elastic Calibration Settings
Elastic electron-proton scattering events serve as a funda-

mental benchmark for calibrating the energy response of NPS.105

In this clean and well-understood two-body process, a high-
energy electron elastically scatters off a stationary proton in
a liquid hydrogen target, transferring energy and momentum
without inducing particle production or internal excitation. The
resulting final-state kinematics are precisely determined by110

conservation of energy and momentum, making elastic scatter-
ing ideal for establishing calibration baselines.

In the experimental setup for NPS calibration, the recoil pro-
ton is detected by the HMS, which provides high-resolution
tracking and momentum reconstruction. Simultaneously, the
scattered electron is intercepted by the NPS, where it initiates
an electromagnetic shower in the PbWO4 crystal matrix. The
total energy deposited by this shower is collected across the
impacted crystals, forming a compact energy cluster. By corre-
lating the measured proton momentum from the HMS with the
expected electron energy using elastic kinematics, one can ac-
curately predict the electron energy that the NPS should register
for each event j :

E j = Eb + m − Ep
j , (1)

where Eb is the electron beam energy, m is the proton mass, and
Ep

j is the energy of the recoiling proton in event j determined
from HMS tracking. The comparison between this expected115

energy and the NPS response serves to determine the calibra-
tion coefficients of the NPS blocks, as will be explained in sec-
tion 3.5. Table 1 lists the kinematics of the elastic settings per-
formed during the NPS suite of DVCS and SIDIS experiments
that ran September 2023 to May 2024. The NPS distance to the120

target, which varied from 8.0 to 9.5 m depending on the setting,
was adjusted to match the elastic scattered protons in the HMS
acceptance. During each setting, the NPS crystal temperature
was stable to within 0.1◦C, which ensured a light-yield varia-
tion of no more than 0.25 % [22].125

3. Data Analysis

3.1. Waveform Analysis
Precise signal reconstruction is an important factor during

experiments such as DVCS, where accurate timing and en-
ergy measurements of neutral particles are essential to resolve130
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Table 1: Kinematic settings for the elastic measurements. Values represent either the mean or a range (min–max) depending on the observed variation across the
corresponding data set.

Number of settings Beam energy HMS Momentum HMS angle Scattered electron energy NPS angle
(GeV) (GeV/c) (degree) (GeV) (degree)

2 6.40 2.62 35.96 4.52–4.53 18.31–21.16
2 8.48 3.58–4.07 27.61–30.76 5.24–5.70 19.84–22.96
5 10.54 4.05–4.31 29.67–29.86 7.27–7.35 12.11–18.16

pile-up, achieve optimal resolution and thus distinguish exclu-
sive reactions from semi-inclusive ones. In the case of the
NPS calorimeter, where the 1080 channels are coupled to high
frequency sampling fADCs, the analysis of digitized wave-
forms is necessary to extract the arrival time and amplitude of135

pulses produced by electromagnetic showers. Waveform anal-
ysis enables event-by-event reconstruction of pulse characteris-
tics, even in the presence of noise or overlapping signals. Tra-
ditional peak finding or threshold techniques may suffer in high
rate environments or fail to resolve closely spaced pulses. For140

this reason, we adopt the matched filter technique, used for in-
stance to detect gravitational waves [23, 24], which is a digital
signal processing approach that maximizes the signal to noise
ratio by correlating the recorded waveform with a known ref-
erence shape. The reference pulse shapes are obtained from a145

sample of clean, isolated pulses selected from elastic calibra-
tion runs. These reference shapes, which obey a few precise
criteria (highest amplitude pulse, no pile ups and within +/−
20 ns from the coincidence time window) are normalized to
1mV amplitude and stored for each crystal channel. Figure 4150

shows an example of a reference shape for a given NPS chan-
nel. Spline interpolation [25] is performed on the 110 samples
of each reference waveform to generate a continuous function
that will subsequently be used to fit the waveforms. For a given
waveform, a matched filter response is computed by sliding the155

time-reversed reference shape across the recorded signal and
calculating the dot product (convolution) at each time bin. This
operation highlights the time positions where the incoming sig-
nal best matches the expected shape. The matched filter for
each crystal is obtained from eleven peak values of the refer-160

ence waveform, as illustrated in Figure 4.
Figure 5 shows an example of a signal waveform and its

matched filter transform. The time corresponding to a peak in
the matched filter output provides the approximate arrival time
of the pulse, while the height of the response is proportional to165

the pulse amplitude. To increase precision, we perform a fit of
the entire original waveform using a superposition of multiple
reference shapes to refine the amplitude and arrival time of each
pulse. The free parameters of this fit are the baseline level, and
the amplitudes and arrival times of all pulses initially identified170

by the matched filter. An example of a waveform fit is shown
in Figure 5.

3.2. Time correction

To achieve good coincidence time resolution, the raw pulse
time tj,i

raw, determined by the waveform fit procedure for a given
event j and NPS channel i, must be corrected. This tj,i

raw repre-
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Figure 4: Reference shape pulse (black markers) and its Spline interpolation
(blue curve). This reference waveform is obtained from elastic H(e, e′NPS pHMS)
data. Eleven highlighted samples (red stars) illustrate the matched filter ob-
tained from this reference pulse.

sents, up to a constant, the time difference between the arrival
of the particle that triggered the HMS and the arrival of the par-
ticle that induced a pulse in an NPS channel. These corrections
account for various factors, including a time offset ti

offset unique
to each NPS channel i and an HMS correction t j

HMS dependent
on the particle time of flight and signal processing in the HMS:

tj,i
corr = tj,i

raw + ti
offset + tj

HMS. (2)

The different offsets ti
offset are determined from the coincidence

peak position (obtained with a Gaussian fit) in the ti
raw + tHMS175

distributions and are adjusted to yield a ti
corr distribution cen-

tered at zero. Figure 6 shows an example of the tcorr distribu-
tion for all NPS channels, specifically for pulses with amplitude
higher than 50 mV (corresponding approximately to an energy
deposit higher than 500 MeV). All the accidental peaks were180

fitted with common height and spacing. The obtained coinci-
dence time resolution is 0.35 ns, which clearly reveals the 2 ns
bunch structure of the electron beam.

3.3. Clustering
The goal of the offline clustering used in the elastics study

is to group fired NPS blocks into adjacent sets where the elec-
tromagnetic shower, induced by a particle, has spread. The al-
gorithm begins by considering only NPS blocks with pulses in

4
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Figure 5: Example of a waveform signal (top) and its matched filter trans-
form (bottom). In the matched filter transform, red markers indicate identified
peaks above a given threshold represented by the dotted green line. The blue
curve represents the fit of the waveform using multiple reference shapes, guided
by the peak identification from the matched filter (pulses at the edge of the
waveform window are not fitted). This waveform example is from production
H(e, e′HMSγNPS)X data.

15− 10− 5− 0 5 10 15
Time (ns)

210

310

410

510

E
ve

nt
s

Figure 6: Corrected time distribution for pulses with amplitude higher than
50 mV. The dotted red curve represents a fit to this distribution using multiple
Gaussians with a common sigma and separated by 2 ns. This fit yields a time
resolution of 0.35 ns.

coincidence with the HMS and that satisfy a mild timing con-
dition:

|ti
corr| < 5 × σi , (3)

where σi represents the coincidence time resolution of channel185

i. Subsequently, it searches for cluster seed blocks, character-
ized by their local maximum amplitude. The number of local
maxima then represents the number of clusters found in a given
event. Since the inter-block distance (2.15 cm) is roughly equal
to the Molière Radius of PbWO4 (RM = 2.19 cm), blocks be-190

longing to a given cluster are considered to be at most within a
5×5 matrix of blocks centered on a seed block. A 1 mV thresh-
old is applied to the pulse amplitude for block inclusion at this
stage within this 5 × 5 matrix. Once the energy calibration co-
efficients are known, this threshold will correspond to approx-195

imately 10 MeV. The total energy E =
∑

i Ei of the cluster is
calculated as the sum of calibrated energy deposits Ei = CiAi in
each block i of the cluster, where Ci is the calibration coefficient
and Ai is the pulse amplitude. Finally, only clusters with a total
energy exceeding 0.5 GeV are considered valid, based on the200

expected energy of the scattered electrons detailed in Table 1,
to suppress low-energy background.

The transverse impact position ~x of the incoming particle on
NPS is estimated using the center of gravity method [26] which
employs a logarithmic weighting scheme:

~x =

∑
i wi~xi∑

i wi
, wi = max

{
0,W0 + ln

(Ei

E

)}
(4)

where ~xi represents the block center coordinates and W0 is a
tunable constant that depends on the shower total energy E. It
is further parameterized as [27]:

W0 = ln

 100 E(GeV)

2.02 e−
d

RM +

[
4.98 e−

d
RM + 0.30

]
E(GeV)

 (5)
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Figure 7: Two-dimensional distribution of relative momentum deviation δp/p0
from the HMS central momentum value versus azimuthal angle φ measured in
the HMS for elastic proton candidates. The red band corresponds to elastic
scattering events that follow the optical correlation between momentum and
angle.

with d being the crystal size. The spatial resolution of the NPS
is expected to be below 2.5 mm for photon energies higher than
0.5 GeV [27, 28]. The depth a of the shower centroid is esti-
mated from its energy with the following formula, which was
derived from a GEANT4 simulation study :

a(cm) =
5.079 · 10−3

1 − 7.62 · 10−4 − e−1.07·10−3×E(GeV)
+ 9.316 (6)

Once the cluster energy and centroid coordinates are known, the
4-vector of the particle detected in the NPS (electron or photon)
can be determined using the target vertex coordinates.205

3.4. Elastic event selection in the HMS

Elastic events are selected using a strict HMS 2D cut to iso-
late elastic interactions as shown in Figure 7. This cut, and
additional acceptance cuts are defined as follows:

|θ| < 0.08 rad, |φ| < 0.04 rad, |δp/p0| < 8%,
(250%) · φ(mr) − 2% < δp/p0 < (250%) · φ(mr) + 1%,

|z| < 4 cm, (7)

where θ and φ are the scattering angles in the vertical and hori-
zontal planes respectively, δp/p0 is the relative momentum de-
viation from the HMS central momentum value, and z is the
reconstructed vertex position in the target along the beamline.210

The cuts on θ, φ and δp/p0 variables serve to remove events at
the edge of the HMS acceptance, while the cut on |z| is applied
to remove events from the target walls. These cuts retain only
high-quality elastic scattering candidates.

3.5. Energy calibration215

3.5.1. First pass
At this stage, elastic events H(e,e’NPS pHMS) are selected as

described in the previous section, and the corresponding scat-
tered electron clusters in the NPS are identified. In the first

energy calibration pass, only the pulse amplitudes Ai j (in mV)
for NPS channel i and event j that belongs to an NPS cluster are
known. The goal is to transform these amplitudes into energy
deposits Ei j using the calibration coefficients Ci. For this pur-
pose, a minimization procedure is employed to determine the
calibration coefficients for each block. We define a χ2 function
over N elastic events:

χ2 =

N∑
j=1

E j −
∑

i

Ci · Ai j

2

, (8)

where E j is the expected electron energy as given in Equation 1.
Minimizing χ2 with respect to each Ck leads to a system of 1080
linear equations (one per block):

∑
i

 N∑
j=1

Ai jAk j

Ci =

N∑
j=1

E jAk j. (9)

Solving this matrix equation provides the optimal gain factors
Ci.

3.5.2. Subsequent passes
The goal of the subsequent energy calibration passes is to re-

fine the selection of elastic events used to calibrate the calorime-
ter. Once the deposited energies in NPS blocks are known with
relatively good precision, one can compute the scattered elec-
tron’s 3-momentum as described in Section 3.3. This com-
puted momentum can then be compared to the expected one,
which is calculated from the known electron beam momentum
and the scattered proton momentum measured by the HMS.
For instance, an additional cut comparing the reconstructed
cluster position (x, y) to the expected electron impact position
(xpred, ypred) can be applied to remove events where a significant
mismatch is observed:

|x − xpred − 〈x〉| < 4 · σx, |y − ypred − 〈y〉| < 4 · σy, (10)

where 〈x〉, 〈y〉 are alignment offsets corresponding to the mean220

values of x − xpred and y − ypred distributions, and σx, σy are
the widths of the residual distributions. Geometrical cuts are
also applied to exclude seed blocks located at the calorimeter’s
edge where the electromagnetic shower cannot fully develop,
or to exclude non-functional channels. Finally, an energy cut225

is applied which serves to validate the consistency of the mea-
sured energy with the expected electron energy derived from
the HMS proton measurement. Since the incident or scattered
electron may undergo radiative energy losses before reaching
the calorimeter, its energy can be lower than the expected one230

calculated using Equation 1. Incorporating these events into the
minimization procedure may bias the calibration coefficients.
To mitigate this effect, we impose a lower-bound energy cut,
typically excluding events where the measured energy in the
NPS is significantly lower (at > 2-standard-deviation level)235

than the expected one. It should be noted that a partial en-
ergy loss of the shower can occur due to the presence of hard-
ware/software thresholds in the clustering algorithm. Since the
calibration coefficients correct for this effect only at the average

6
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Figure 8: Histogram of the difference between the measured electron energy in
the NPS and its expected energy calculated using Equation 1. The dotted red
curve shows the fit of this distribution with a Crystal Ball function. The average
scattered electron energy in this setting is 〈E〉 = 7.3 GeV.

scattered electron energy 〈E〉, an empirical correction is applied240

by multiplying the measured cluster energy E for each event by
1/(1+α(E−〈E〉)), where α = 0.05 for most elastic settings. The
complete calibration cycle comprising χ2 minimization, cuts,
corrections, and re-evaluations is typically iterated five times to
ensure convergence to a stable and optimal energy resolution.245

4. Results

4.1. Energy Resolution

To assess the energy resolution performance of the NPS, the
elastic calibration procedure is applied to the data from nine
elastic setting collected during the DVCS experiment in Hall C.250

Figure 8 shows for a given setting the difference between the
measured electron energy in the NPS and its expected energy
(Equation 1) after applying all the cuts and corrections detailed
in the preceding sections. The distribution is fitted using a Crys-
tal Ball function [29] to determine the energy resolution and to255

account for the radiative tail on the low-energy side. In this
example, the distribution width is equal to σE(E) = 90 MeV
leading to an energy resolution of σE(E)/E =1.2%

Figure 9 summarizes the obtained energy resolution as a
function of energy for all elastic settings. The energy resolution260

is between 1.2% and 1.3% for nearly all settings, with an aver-
age value of 1.25%. The small discrepancy between some set-
tings acquired at the same energy may be attributed to radiation
damage to the NPS blocks during the DVCS experiment. Gen-
erally, the settings acquired at the beginning of the experiment265

yielded the best energy resolution. The results exhibit superior
performance relative to the PrimEx PbWO4 calorimeter [30]
which has a similar design to the NPS with 1152 PbWO4 crys-
tals. The results also reproduce, to within 0.1%, the energy
resolution reported during the 2021 test of the CCAL prototype270

calorimeter [11].
Overall, this performance validation across multiple energy

settings confirms the NPS calorimeter’s capability to deliver
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Figure 9: Energy resolution as a function of the scattered electron energy. Each
error bars indicate the standard deviation from the average value (black point)
across different regions of the calorimeter. The dotted green (red) line indicates
the energy resolution achieved with the PrimEx PbWO4 calorimeter [30] (the
CCAL prototype calorimeter [11]). The dotted black line represents a constant
fit of all resolution values obtained during the experiment, yielding an average
of 1.25%.

sub-1.5% energy resolution over a broad dynamic range, with
temporal degradation from irradiation still within manageable275

bounds.

4.2. Time Resolution

A key performance metric of the NPS calorimeter is its in-
trinsic time resolution, which directly impacts the suppression
of accidental coincidences in high-rate environments and the280

precise timing of neutral particle detection. To evaluate this, a
method based on the difference in timing between calorimeter
blocks belonging to the same cluster is employed, leveraging
elastic calibration data. The goal is to extract the intrinsic time
resolution of individual PbWO4 blocks. This is achieved by se-285

lecting a large dataset of elastic events and dividing the data into
multiple narrow energy intervals, each with comparable statis-
tics. For each energy bin, all possible pairs of blocks within the
same cluster and energy range are identified. The time differ-
ence ∆t = t1 − t2 is calculated between signals in each block290

pair. Figure 10 shows an example of ∆t distribution when both
pulses have an energy between 650 and 800 MeV. The ∆t dis-
tributions are then fitted using a Gaussian function for the co-
incidence peak plus a constant for accidentals which are very
rare in these elastic settings. The extracted width σ∆t of each295

coincidence peak is related to the intrinsic timing resolution of
individual blocks through σt(E) = σ∆t/

√
2. This division ac-

counts for the assumption that both blocks contribute equally
and independently to the timing resolution.

The time resolution is studied across a wide energy spectrum,
from low-energy deposits of approximately 10 MeV up to a few
GeV. As shown in Figure 11, the resolution improves with in-
creasing energy and is reproducible between different elastic
settings. At low energies, σt(E) is greater than 1 ns, but drops
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Figure 10: Time difference distribution for pulses having an energy between
650 and 800 MeV. The dotted red curve shows a fit by a Gaussian and a constant
to this distribution.

below that value for energies above 70 MeV. Meanwhile, at en-
ergies greater than 500 MeV (which typically corresponds to
the energy of a cluster seed block), it drops below 200 ps. The
energy dependence of the time resolution follows a power law
between 50 MeV and 700 MeV, of the form:

σt(E) = (0.112 ns)[E/(1 GeV)]−0.845. (11)

This result demonstrates the excellent timing capabilities of the300

NPS. Notably, these resolutions represent the intrinsic detector
performance prior to applying global event-level corrections.
The high precision achieved here enhances the separation of
true photon candidates from accidentals in exclusive final-state
reactions and contributes to the reduction of accidental pulses305

in the clustering procedure, which also helps maintain good
energy resolution. The method described forms the basis for
timing performance characterization under both low- and high-
energy running conditions.

5. Conclusion310

The performance validation of the Neutral Particle Spectrom-
eter (NPS) demonstrates its capability to achieve exceptional
energy and time resolution across a wide range of experimental
settings. Energy resolution measurements using elastic calibra-
tion show values as low as 1.2% at 7.3 GeV. Time resolution315

analyses based on cluster block-pair differences confirmed ex-
cellent intrinsic performance, with resolutions dropping below

t

Figure 11: Intrinsic time resolution σt(E) as a function of energy. The different
marker colors correspond to two different elastic settings. The dotted red curve
represents the parametrization from equation 11.

200 ps at high energies. Overall, the NPS exhibits high stability
and accuracy, ensuring its utility for high-precision experiments
at Thomas Jefferson National Accelerator Facility.320
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