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EIC IR: Overview
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ForwardRear

RHIC yellow ring: EIC hadron 
ring

Add electron storage ring in 
existing tunnel

Possible IR location: IP6



Considerations

• Geometry
• RHIC tunnel (injection, RHIC magnets, RCS, eSR)

• Experimental hall (IP6?)

• Space for detector

• Physics considerations
• See slide at end

• Accelerator/optics
• Match into existing tunnel

• Dispersion, chromaticity
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Considerations (cont.)
• Crab cavities

• Location
• Geometry
• Phase advance

• Engineering
• Magnets: feasibility
• Cryostating
• Utilities

• Project
• Cost, risk
• R&D required
• Vendors
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EIC IR: Forward Direction
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• Interleaved magnet scheme
• Adding magnets is 

challenging
• Why are these magnets 

difficult? 
• Required field
• Aperture
• Geometric constraints

• Field 
• Accelerator physics
• Hall/ring geometry
• Magnet technology 

constraints
• Large apertures of magnets

• Proton forward: physics
• Rear electron: Synrad

Name R1 length B grad B pole

[m] [m] [T] [T/m] [T]

B0ApF 0.043 0.6 -3.3 0 -3.3

Q1ApF 0.056 1.46 0 -72.608 -4.066

Q1BpF 0.078 1.61 0 -66.18 -5.162

Q2pF 0.131 3.8 0 40.737 5.357

B1pF 0.135 3 -3.4 0 -3.4

IP

Superconducting



Hadron Forward - Apertures
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275 GeV
41 GeV
100 GeV

Magnet aperture optimization:
Magnets tilted and displaced 
Magnets split in two (e.g. Q1A and Q1B)

Also: making magnets longer makes this worse



EIC IR: Rear Direction
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• 2-in-1 magnets
• Common yokes

• Main issue: space 
between magnets

• Crossing angle

• Large aperture due to 
synrad fan

• Comes from low-beta 
quads

• Linked to β* 

Name R1 R2 length grad B pole
[mm] [mm] [m] [T/m] [T]

Q1ApR 20 26 1.8 78.4 2.0
Q1BpR 28 28 1.4 78.4 2.2
Q2pR 54 54 4.5 33.8 1.8

Name R1 R2 length B grad B pole

[mm] [mm] [m] [T] [T/m] [T]

Q1eR 66 79 1.8 0 14 -1.1

Q2eR 83 94 1.4 0 14.1 1.3

B2eR 97 139 5.5 0.2 0 -0.2

Superconducting



Crossing Angle
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• Crossing angle: 25 mrad
• Hadrons: 17 mrad
• Electrons: 8 mrad

• Smaller crossing angle: beams less separated, magnet issues

• Larger crossing angle: magnet issues, crab cavities, beam 
dynamic issues

25 mrad



EIC IR
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Larger crossing angle:
Cannot do more in hadron line (field/space issues)
Electrons: Synrad issues

ForwardRear

Note: magnet cryostats are 94” dia



Q2pF – Collared Magnet

• Hadron quadrupole
• Gradient: 41 T/m

• 3.8m long 

• Aperture 262 mm
• Coil R=140mm

• Pole tip field: 5.74T

• e-beam: 36-42cm distance

• Field-free region for 
electrons

• Magnet limitations
• Gradient/field

• Aperture

• Stray field
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Particle Orbits

Neutron cone



Q2pF Simulation Results
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Field-free region: <1mT
Can be shielded with mu-metal

Peak field on wire: 7.6T



Crosstalk

12

Iron

B

Refers to flux from one magnet leaking into the other
Leads to field quality issues
Depends on geometry and field/flux

Electrons: field free Hadrons: quadrupole magnet

Q2pF

≈40 cm

Common issue for 
all IR magnets



Magnet Engineering
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Q1BpR_
Q2eR 

Q1ApR_
Q1eR

Q2pR_
B2eR 

Q1BpR_Q2eR 

Direct wind
Common yoke
Spherical Endcaps
Helium Design pressure of 250 psi

Rear Side

Forward • Just about 
enough space 
between 
magnets



IR Layout
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IR sectors not independent of each other

Changing one sector implies changing another one
Also: need to get back to RHIC ring

ForwardRear



Synchrotron Radiation
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• Generated by quads 
and bending magnet 
upstream

• Tails: can produce hard 
radiation

• Non-Gaussian

• Even with masking: 
significant heating to 
deal with

Central chamber

FPA

Beam pipe envelope 
and synrad heating

Courtesy C. Hetzel



IR Design Choices
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High 
Lumi

Strong 
Focusing

Large Pt 
acceptance

Small beam 
divergence at IP

Small 
Emittance

Magnets 
close to IP

Complicated 
magnetic 

shields

Crossing Angle 
reduced lumi

instab.

Crab cavity Expensive, 
beam blow-up

Large 
chromaticity, 

unstable beam

Quick 
separation

Synchrotron 
radiation generation

Detector 
damage/backgrounds

Reduced 
Acceptance

Courtesy of F. Willeke



Summary
• IR developed in collaboration with BNL Physics

• Meets requirements of ‘white paper’

• Is there anything we have been missing? 

• Many considerations went into this IR
• Geometric constraints

• Engineering feasibility

• Magnets, cryostating
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Additional Slides
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Considerations

• Geometry
• RHIC tunnel (injection, RHIC magnets, RCS, eSR)

• Experimental hall (IP6?)

• Space for detector

• Physics considerations
• See slide at end

• Accelerator/optics
• Match into existing tunnel

• Dispersion, chromaticity
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