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DOE Nuclear Physics Facilities
• US Department of Energy

• Office of Science
• Advanced Scientific Computing Research
• Basic Energy Sciences
• Biological and Environmental Research
• Fusion Energy Sciences
• High Energy Physics
• Nuclear Physics

• Thomas Jefferson National Accelerator Facility
• CEBAF: Continuous Electron Beam Accelerator Facility

• Polarized Electrons on Fixed Targets

• Brookhaven National Lab
• RHIC: Relativistic Heavy Ion Collider 

• Ion-Ion interactions in a Collider

• US Electron Ion Collider: 
• Polarized electrons and Ions Colliding
• Located finalized: Will be built at BNL
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Electron-Ion Collider Physics Goals
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http://eicug.org/web/documents/public
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From RHIC to Electron Ion Collider @ BNL



Electron-Ion Collider: BNL and JLab 
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• Build Electron Cooler
• High current electron 

source
• JLab CIS Collaborating

• Build Polarized Electron 
Source

• JLab Center for Injectors 
and Sources (CIS) 
Collaborating

• Design Beamline
• JLab Center for Advanced 

Studies of Accelerators 
(CASA) collaborating

• Design Interaction 
Regions & Detectors

• JLab Nuclear Physics, 
Electron Ion Center, 
Engineering and Vacuum 
collaborating

3.8 km circumference



Nuclear Physics Detectors
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Interaction Region Backgrounds

• Desired reactions
• Electron Beam on Ion 

Beam

• Background Issues
• Electron Beam: 

Synchrotron Radiation -> 
additional detector hits

• Synchrotron radiation: 
additional gas desorption 
(thermal and photon 
stimulated)

• Ion Beam: Collisions with 
residual gas in pipe -> 
additional detector hits
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Interaction Region Systems

• Vacuum Chamber Design
• Must be large enough beam and beam halo don’t interact 

with walls
• Impedance and/or Wakefield

• heating due to image charge currents: 

• Limits diameter changes, pump ports,  

• Vacuum pump layout
• Driven by (very small) space between magnets, 

cryostats, and detectors

• Magnet Design
• Driven by beam requirements

• Dipole and quadrupole magnets bend/focus electron 
beam and creating Synchrotron Radiation

• Detectors to actually measure the physics…
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Vacuum Chamber Materials Choices

• Accelerator vacuum materials choices
• Aluminum

• Low outgassing, weldable, low “z” lets particles through, good 
heat conduction

• Copper
• Outgassing ok, great thermal conductivity, higher “z”, requires 

brazing 

• Beryllium
• Very low “z”, brittle, toxic, will be used in central region to let 

maximal particles through 

• Gold
• Heavy – High “z”. Used in a thin coating to reduce low energy 

background photons

• Non-evaporable Getter coatings
• Reactive metals like Ti-Zr-V sputtered on pipes, provides 

distributed pumping
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Calculating static pressure: no beam on

• Basic calculation 

• 𝑃 =
𝑞𝐴

𝑆

• q: Gas desorbed from walls, A: Area of walls, S: Pump 
speed, P: Pressure

• Other factors
• Distance and pipe shape between system and pump

• Screens in front of pump ports to mitigate wakefields

• Different material outgassing rates, temperatures

• Test Particle Monte Carlo Software!
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Vacuum Modeling Software: Molflow+
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Input 
• Geometry from CAD
• outgassing
• pump location and speed

Output
• Pressure distribution

Test Particle  Monte Carlo Simulation
• Developed at CERN (Roberto 

Kersevan, Marton Ady), used widely
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SynRad Software

• Same geometry file format

• Input

• Electron Beam 

• Current

• Position

• Energy

• Emittance

• Profile

• Magnets

• Bending Dipoles

• Focusing Quads
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• Output

• Synchrotron radiation flux 
and energy on every facet

• Individual Photon Tracking: 
position, direction, energy



Coupled Synrad & Molflow+ dynamic vacuum
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Photon Flux

PSD for Hydrogen from aluminum

• Outgassing for each facet calculated due to the integrated flux

• Outgassing falls as system conditions

• Low energy photons included for PSD



10 GeV, 2.5A

Al desorption

300 L/s pumps
50% screen

First results: Original pump configuration
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• More pumping
• Include Cryogenic temps45 years!



Add distributed NEG pumping
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How important is background? 

• HERA at DESY accelerator in Hamburg, Germany
• Operated 1992 - 2007

• Could not operate at desired currents: Vacuum in 
interaction region
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• Bending magnets for 
electron beam near IR 
-> Synchrotron 
Radiation

HERA interaction region



HERA Molflow+/Synrad simulations
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• Student project: Adam Hutchinson
• Generate 3D model of vacuum system from publications

• Implement magnet design into SynRad

• Determine vacuum profile, compare with operational 
experience



Lessons Learned from HERA

• Final Dipole ~30 m upstream rather than 5m

• Vacuum system design needs attention throughout 
project development
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Ongoing Work

• System Design
• Detector Change requires moving everything

• Materials optimization

• Magnet and electron beam parameter changes

• Aperture changes
• Beampipe to avoid beam halo interaction with walls

• Final photon absorber optimization: reduce photons 
without hurting beam

• Pump layout needs to be optimized
• Ion & Turbo pumps don’t work well in strong magnetic 

fields needed for detectors



Scope of Electron-Ion Collider project

• Building EIC $2 Billion dollars 

• First beam in about 10 years

• EIC collaboration: 1277 people from 256 
institutions in 34 countries 

• None of the physics will work if the vacuum in 
the interaction region doesn’t 
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