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Abstract 
We report on the performance of a secondary electron 

monitor (SEM) grid used to measure the transverse profile 
of an MeV range electron beam tested at SLAC National 
Accelerator Laboratory’s Next Linear Collider Test Accel-
erator (NLCTA) facility. When inserted into the path of the 
electron beam, secondary electron emission results in a 
measurable current on the wires that make up the grid. We 
present measurements using this technique to reconstruct 
the beam profile. The SEM grid was designed and manu-
factured by a team of undergraduate students at Harvey 
Mudd College (HMC) and was tested at SLAC’s NLCTA 
facility in collaboration with NCLTA staff as part of the 
BeamNetUS program. Developed for real-time diagnostics 
of MeV-range electron beams, this SEM grid has potential 
applications in both industrial and medical contexts. 

INTRODUCTION 
Secondary electron emission monitors (SEM) grids are 

well-established devices for determining the transverse 
profile of particle beams. Examples include designs for use 
with proton beams at Fermilab [1], and for electron beams 
at DESY [2].  

The SEM grid tested in this experiment was designed as 
part of an undergraduate engineering capstone project at 
Harvey Mudd College. The goal was to design a device to 
capture and transmit real-time data on the transverse pro-
file of an electron beam for NorthStar Medical Radioiso-
topes, the capstone project sponsor. NorthStar is a radio-
pharmaceutical company who produces radioisotopes Ac-
tinium-225 and Copper-67 for cancer treatment [3]. These 
radioisotopes are produced through a process including ir-
radiation of target materials with an IBA Rhodotron elec-
tron beam [4, 5].  

One of the prototypes developed as part of this project 
was tested at SLAC National Laboratory’s Next Linear 
Collider Test Accelerator (NLCTA) facility. The X-band 
Test Accelerator (XTA) at NLCTA provided a comparable 
electron beam energy to NorthStar’s IBA Rhodotron but at 
a significantly lower power (< 1 W). At this low power, the 
functionality of the prototype could be tested without the 
challenges associated with excessive heating. The follow-
ing sections describe general principles of SEM grids, the 
design of our specific prototype, the experimental setup 
and procedure, and the analysis and conclusions from the 
data.  

SEM GRID BACKGROUND 
SEM grids work by the phenomenon of secondary elec-

tron emission (SEE), which occurs when an incident parti-
cle beam imparts sufficient energy to a target material such 
that electrons escape the material entirely, leaving a charge 
behind [6–8]. In the case of an SEM grid setup, the target 
material of interest is one or two grids of wires which the 
beam is incident on. When the beam hits these wires, the 
energy transfer frees some electrons from the wires. This 
results in a measurable current in each of the wires, varying 
across the cross section of the beam and grid [9]. Biasing, 
the introduction of a large voltage to the setup, is often used 
to control the potential re-absorption of emitted electrons 
back into the wires [2, 6]. 

Based on the literature on SEM grids, we developed a 
prototype consisting of one vertical and one horizontal 
wire frame, and three biasing plates. The wire frames each 
had six tungsten wires, spaced approximately 0.2” apart. 
The wire diameter was less than a millimeter, and was cho-
sen through thermal analysis.  

EXPERIMENTAL PROCEDURE 
The SEM grid set-up in the NLCTA beamline was con-

figured for quick accessibility. The SEM grid and biasing 
plates were enclosed in a plastic box to make the device 
touch safe, as shown in Fig. 1 at left. The SEM grid was 
mounted on a two-axis translation stage in air at the end of 
the beamline. A DRZ screen [10], serving as an alternative 
beam profile monitor, was placed on the stage on top of the 
SEM grid prototype in the approximate plane of the wires, 
as seen in Fig. 1 at right. A smaller piece of DRZ was 
placed near the entrance to the SEM grid assembly to assist 
with initial alignment of the beam into the enclosure.  

 
Figure 1: SEM grid with both wire grids visible through 
aperture in plastic enclosure, and alignment DRZ film 
above aperture (left) the DRZ film (bright white rectangle) 
illuminated on top of the plastic enclosure, in the same 
camera frame used to image the beam profile (right). 

The electrical current signal from each individual wire 
of the SEM grid was passed through long BNC cabling out 
of the beam area to the control room and then to a SR750 

 ____________________________________________  

*This work was supported by the U.S. Department of Energy, Accelera-
tor R&D and Production Program, under Contract No. DE-AC02-
76SF00515 as part of BeamNetUS.  
†nsamuel@g.hmc.edu 
 
 
 



North American Particle Accelerator Conference (NAPAC2025),Sacramento, CA, USA

JACoW Publishing

ISBN: 978-3-95450-261-5

ISSN: 2673-7000

doi: 10.18429/JACoW-NAPAC2025-MOP086

244

MC6 - Beam Instrumentation, Controls, AI/ML, and Operational Aspects

MOP086

MOP: MOP: Monday Poster Session

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2025). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



preamplifier. This amplifier filtered the signal and con-
verted it from a low current to an oscilloscope-readable 
voltage. This conversion was either on a 10 pA/V setting 
or a 200 pa/V setting, depending on the signal. The output 
voltage was then measured using an oscilloscope. The bi-
asing plates were positively biased to prevent emitted elec-
trons from returning to the wires. 

The electron beam exited the vacuum of the XTA 
beampipe through a 50 µm beryllium window before prop-
agating for about 60 cm to reach the SEM grid. Real time 
images of the fluorescence from the DRZ in the beam path 
could then be compared with the SEM grid measurements, 
as each diagnostic was moved into the path of the beam 
using the two-axis stage. An image of the DRZ screen is 
shown in the right panel of Fig. 1 with a ruler for establish-
ing pixel size.  

The electron beam from XTA was dominated by dark 
current, resulting in a large energy spread peaking at 
50 MeV. The total charge was approximately 3 pC with an 
oblong profile as shown in Fig. 2. The large beam size 
helped to ensure there were distinguishing features in the 
beam profile that could potentially be resolved by the wires 
of the SEM grid. 

  

 
Figure 2: Electron beam profile on the DRZ screen in air. 
Above and at right are the projected pixel sums along each 
axis with a Gaussian fit.  

EXPERIMENTAL RESULTS AND DATA 
ANALYSIS 

SEM grid measurements for the 2D beam profile were 
collected using the hardware assembly shown in Fig. 1, 
with horizontal and vertical wires supported on two sepa-
rate frames and three biasing plates. Data were collected 
from three wires on each frame, one at a time. Collection 
of more data points was limited by challenges with simul-
taneous signal readout, requiring multiple accelerator 
housing accesses to change connections to measure each 

wire. The large spacing between wires relative to overall 
beam size also limited the resolution of the profile diagnos-
tic.  

 To reconstruct a 2D profile from the SEM grid, we first 
fitted a Gaussian distribution to the beam measurements in 
both axes and constrained the background to zero. The fit-
ting routine could not calculate covariance because of the 
low number of data points. The resulting profiles with fit-
ted Gaussians for each wire plane are shown on the side 
panel graphs in Fig. 3. The 2D profile in the center of Fig. 
3 is the normalized outer product of these fitted Gaussians.  

 

 
Figure 3: Reconstructed profile from the SEM grid data, 
assuming a Gaussian distribution of the beam in both the 
horizontal and vertical wire grids. The 2D representation is 
the normalized outer product of the fitted Gaussians on the 
side panels.  

The two profiles observed in the DRZ image, Fig. 2, and 
the reconstructed SEM grid profile, Fig. 3, are similarly 
shaped, showing an oblong beam distribution. The resolu-
tion of the SEM grid wires is not sufficient to resolve fea-
tures within the beam profile. The SEM reconstructed grid 
profile indicates a FWHM of about 10 mm by 5 mm, 
whereas the DRZ image shows a FWHM of 5.3 mm by 
2.8 mm. Without additional data points from the SEM grid, 
it is difficult to determine the cause of the discrepancy be-
tween the size in these two measurements. The SEM grid 
data analysis for reconstructing the profile does not ac-
count for the misalignment of wires within the SEM grid, 
visible in Fig. 1, which contributes to uncertainty in the ap-
propriate spacing of the data points collected for each wire. 

Another data set was collected from one horizontal wire 
on an adaptation of the prototype with one wire frame and 
two biasing plates. This data set characterized the change 
in the detector signal as the beam’s RF power was attenu-
ated. For this data set, the beam was also imaged using the 
DRZ film at some of the attenuation settings. 
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Figure 4: Measurements taken with the DRZ film and one horizontal wire on the SEM grid for different RF power atten-
uation settings. The axis on the left shows the pixel sum from the DRZ images (at top) corresponding to the region 
intercepted by the horizontal wire. The axis on the right shows the current signal from the wire in this measurement 
configuration. Attenuation of the RF power reduces beam charge and energy.

This data set demonstrated the responsiveness of the 
wire grid to changes in the incoming beam. As the incom-
ing beam’s RF power was attenuated, the signal from the 
measured wire decreased accordingly. This behavior is 
graphed in Fig. 4, where additionally the beam’s profile can 
be seen growing fainter on the DRZ film.  

CONCLUSION 
The test of this SEM grid in air at NLCTA showed results 

comparable to established testing methods. While the cur-
rent data is sparse, it demonstrates detector signal variation 
with varying beam power, and allows for the production of 
a 2D profile based on a Gaussian fit on each wire plane. 
This particular prototype would need further refining be-
fore it could be applied at NorthStar Medical Radioiso-
topes. Our recommendations for future development in-
clude testing the system in vacuum, improving the elec-
tronic measurement system to better accommodate more 
wires, and reducing the form factor of the device. 
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