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Introduction

* Objective:

* Upgrade the polarized photoelectron

source of the main accelerator

* From 130 keV to 200 keV,

* along with its spin rotators (Wien filter).

Thomas Jefferson National Accelerator Facility (2019)

* What for?*:
* Parity violation experiments
* Quark structure of nuclei
* Spin and flavor dependence of valence parton

distributions
* Three-dimensional structure of nuclei

* Challenges:

Higher voltage

Field emission

Electrical arc

Insulator failure

Vacuum degradation
Beam quality

Unwanted photoemission
Photocathode damage
Catastrophic device failure!

* P. A. Adderley, et al. The Continuous Electron Beam
Accelerator Facility at 12 GeV. Phys. Rev. Accel. Beams

27, 084802 — Published 15 August, 2024

Injector
+

Wien filter

Experimental halls

* 5.5 passes, 12 GeV, 90% polarization

* 2X7/8 mi (1.4 km) Linacs plus
recirculating arcs



Introduction

- The polarized electron beam is < 25.4[cm] ==——>
produced by illuminating a GaAs
photocathode mounted on the HV
electrode in UHV conditions. | D

- Higher voltage can lead to field
emission — flashover/arcs —
catastrophic device failure.

« To address this: an electrostatic
shield is implemented. )

A Laser

-

__Insulator

Longitudinal cross-section of the CEBAF ?hotogun.
Vacuum chamber_with (A) anode, (B) conical ceramic
Puck (M insulator with (C) connected cathode. High-voltage
___Fuc (Mo)  conductor surrounded by (D) vulcanized rubber, (E) non-

evaporable “getter” vacuum pumps connected to ground.

Ring (Ta)

GaAs
J. GRAMES et al. (2011) 5



Introduction

« In the Wien filter, homogeneous,
mutually orthogonal electric and
magnetic fields rotate the spin
polarization angle of electrons (with
velocity orthogonal to the applied
fields) traveling longitudinally along
the device axis.

. The existing Wien filter spin rotator
must be modified to ensure
compatibility = with  higher-energy
beams, increasing its operating
voltage while avoiding field emission
and any modification of the beam
trajectory.

< i 42 [cm] >

Longitudinal cross-section of the 130 keV Wien-type spin rotator with (A)
vacuum chamber, (B) electrode plates, (C) mounting insulators, (D) magnetic

Vv shielding, (E) high-voltage contact, (F) high-voltage feedthrough, and (G)
magnetic mirrors.



Challenges: Photogun

Field emission, Fowler-
Nordheim:
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Challenges: Photogun
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Fizure §.1. Energy level diagrams of GaAs: (a) Detailed band structure of GaAs; (b) “close-up® view near valance band
mazima'conduction band minima; and, (c) simplified view showing individual spin-anzular momentum states and transition
probabilities, circled. [Reprinted figures with permission from [8.20]. Copyright 1976 by the American Physical Society]



https://arxiv.org/search/physics?searchtype=author&query=Rao,+T
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Challenges: Wien-type Spin Rotator

Initial angle Q, Final angle Q ,
Thomas-BMT is the equation of motion for the spin
vector (in the particle's rest frame): -
ds In our case
E =sX0 e —
What?! : mcPBy?6
L. 'B. =
Then, the rotation angle: " : x el
' 1 1+ 1 .
Q:_L[(({.—I——)BL GBH—(G ),@XE:I do
mc 9 ¥ v+ 1 _ where () = o

Plus the equilibrium condition: g(E+vXB)=0
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Methodology
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Methodology

# importing pandas module
import pandas as pd
import numpy as np

impert matplotlib.pyplot as plt

Modeling and

print ("Give me the left side filename (In CSV format)")
file_name_left=input()

print ("Give me the right side filename (In CSV format)")
file_name_right=input()

def reader(file_name, column_tag):
global data

global means *
global column_max

Data processing

Simulations

# making data frame from csv file
.csv')

'

data = pd.read_csv(file_name +

# dropping passed columns
data.drop(["time", "Unix time"], axis = 1, inplace = True)

# dropping the row when HWienNeg:readVolt=8

data.drop(data[data[ 'HWien' + column_tag + ':readVolt'] == Hardwa re

# mean calculation and file appending

means = data.groupby('HWien' + column_tag +':setVolt').mear] *
column max = data[ 'VIPK282cur'].max() # Gets the max of th .
—
— High-voltage
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Methodology
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Methodology

Modeling and
Voltage
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Voltage [kV] and radiation monitor [cps x 19.8]
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Solutions: 200 keV R30-4 Photogun & Wien-type Spin Rotator

Model by the Mechanical Engineering group

T

Cross-section of the 3D
model of the current CEBAF
200 keV photogun
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[ Final device(s) ]

WARNING

Y'Y

200 keV U-Wien on the JLab test
stand



Solutions: 200 keV Photogun

R30-4 gun

16° focusing angle & 16° focusing angle

de enfoque de 25° T 4“ de enfoque de 16°

¢ 16° focusing angle
de enfoque de 25°

=

130 keV Beam May-26-2021 200 keV Beam Jul-15-2023 200 keV Beam Aug-30-2024
S (EEED 0 | 30.01ps g E (134,237) [ 2] [ 30.07ps |

MFX2101 turned off MFX2101 turned off | MFX2101 turned off

1TU2102 ITV2101 1102101
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Side Missions

World
record!
500 kV in
SEs

3.68 m?, 500 kV, 3 mA
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A breather

Almost done. 3 more slides ©



New Projects: IF-UNAM, Mexico

Relevance of Particle Accelerators in Mexico

Accelergtors are a cross-cutting technolqu with direct impact on Anew EBIS for the Mexican Van de Graaff.
health, industry, food safety, sustainability, and human capital Efrain Chavez. IF-UNAM 2026
development.

* Medicine: Radiotherapy and nuclear medicine to fight cancer.

* Industry: Innovation in automotive manufacturing,
telecommunications, and medical devices.

* Agri-food: Irradiation that ensures safety and facilitates exports.

* Environment: Emission and water treatment

* Talent: Training scientists and engineers in high-specialization
strategic areas.

Fuente de iones

Camara de deteccion

Objetivo

New EBIS system for the Mexican Van de Graaff
accelerator:

Detector PIPs

Iman analizador
90

-

Bombas de
vacio difusoras

*  Commercial thermionic electron qun

Jaulas de Faraday Imén “Gaita” .
Rejillas

Integrated electrostatic ion trap optimized for the
production of highly charged ions.

The design must comply with the geometric and
operational constraints of the high-voltage terminal.

Bachelor's thesis of physicist
Alan O. Valdez Guerrero

Iman de enfoque | | .
cuadrupolar de enfoque
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New Projects: Gridfire, London

Electrode Center
Rings Plasma Conductor
N |

N.R. Schwartz, et al.
Electrically insulating materials for centrifugal
mirrors, Journal of Nuclear Materials, Volume
615, 2025.

Chamber
(grounded)

https://doi.org/10.1016/j.jnucmat.2025.155957

— Particle
< path

IRY
A

Insulator
Magnets

Gridfire is building a practical path
to fusion energy. We welcome
engagement from partners,
investors, and collaborators who
share our ambition to deliver clean,
reliable power at global scale.

Take part =

Nathan Eschbach. Gridfire, 2026 https://gridfire.co/
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