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My Career Path

Carlos Hernández García
Former Senior JLab Scientist,
Currently X-Light



Introduction

• Objective: 
● Upgrade the polarized photoelectron 

source of the main accelerator 
● From 130 keV to 200 keV, 
● along with its spin rotators (Wien filter). 

• 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!
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Thomas Jefferson National Accelerator Facility (2019)

* P. A. Adderley, et al. The Continuous Electron Beam 
Accelerator Facility at 12 GeV. Phys. Rev. Accel. Beams 
27, 084802 – Published 15 August, 2024

• 5.5 passes, 12 GeV, 90% polarization

• 2X 7/8 mi (1.4 km) Linacs plus 
recirculating arcs  
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Introduction

• The polarized electron beam is 
produced by illuminating a GaAs 
photocathode mounted on the HV 
electrode in UHV conditions.

• Higher voltage can lead to field 
emission → flashover/arcs → 
catastrophic device failure. 

• To address this: an electrostatic 
shield is implemented.

Laser

e-beam
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Longitudinal cross-section of the CEBAF photogun. 
Vacuum chamber with (A) anode, (B) conical ceramic 
insulator with (C) connected cathode. High-voltage 
conductor surrounded by (D) vulcanized rubber, (E) non-
evaporable “getter” vacuum pumps connected to ground.

Insulator

Cathode
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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.

Longitudinal cross-section of the 130 keV Wien-type spin rotator with (A) 
vacuum chamber, (B) electrode plates, (C) mounting insulators, (D) magnetic 
shielding, (E) high-voltage contact, (F) high-voltage feedthrough, and (G) 
magnetic mirrors.
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Challenges: Photogun

Field emission, Fowler-
Nordheim:

Space charge:

 

Negative affinity and back-
bombardment:
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Challenges: Photogun

And the spin!

An Engineering 
Guide To 
Photoinjectors
Triveni Rao, Davi
d H. Dowell
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https://arxiv.org/search/physics?searchtype=author&query=Rao,+T
https://arxiv.org/search/physics?searchtype=author&query=Rao,+T
https://arxiv.org/search/physics?searchtype=author&query=Dowell,+D+H
https://arxiv.org/search/physics?searchtype=author&query=Dowell,+D+H


Challenges: Wien-type Spin Rotator

Thomas-BMT is the equation of motion for the spin 
vector (in the particle's rest frame):

 

Then, the rotation angle:

In our case

What?!  

 

Plus the equilibrium condition: q(E + v X B) = 0

Ey =-vz Bxwhich in turn preserves: 
9
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Methodology

Modeling and 
design

Simulations

Hardware 

High-voltage 
evaluation 

Final device

Data processing 
and analysis

Data processing 
and analysis
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Solutions: 200 keV R30-4 Photogun & Wien-type Spin Rotator
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200 keV U-Wien on the JLab test 
stand

Cross-section of the 3D 
model of the current CEBAF 

200 keV photogun 

Final device(s)



R28 gun 

200 keV Beam Aug-30-2024

16° focusing angle 
de enfoque de 16°

16° focusing angle 
de enfoque de 25 ̊

130 keV Beam May-26-2021

Solutions: 200 keV Photogun

R30-3 gun 
R30-4 gun 

200 keV Beam Jul-15-2023

MFX2I01 turned offMFX2I01 turned offMFX2I01 turned off

16° focusing angle 
de enfoque de 25 ̊
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Side Missions
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Side Missions

World 
record!

500 kV in 
SF6

3.68 m³, 500 kV, 3 mA
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Good Results
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A breather
Almost done. 3 more slides 
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New EBIS system for the Mexican Van de Graaff 
accelerator:

 Commercial thermionic electron gun

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.

New Projects: IF-UNAM, Mexico

Relevance of Particle Accelerators in Mexico

Accelerators are a cross-cutting technology with direct impact on 
health, industry, food safety, sustainability, and human capital 
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.
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A new EBIS for the Mexican Van de Graaff.
Efraín Chávez. IF-UNAM 2026
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New Projects: Gridfire, London

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

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

615, 2025.

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

https://doi.org/10.1016/j.jnucmat.2025.155957
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To SMF DPyC! 
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