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IR Requirements

* EIC IR designed to meet physics requirements
« Machine element free region: +/- 4.5m main detector
« ZDC: 60cm x 60cm x 2m @ ~30 m

« Scattered proton/neutron detection
* Protons 0.2 GeV <p,<1.3 GeV
* Neutron cone +/- 4 mrad

« Machine requirements

 Small B*: quads close to IP, high gradients for hadron
guads

* Crossing angle: as small as possible to minimize crab
voltage and beam dynamics issues

* Choice: 25 mrad
« Synchrotron radiation background

* No bending upstream for leptons (up to ~40m from IP)
* Rear lepton magnets: aperture dominated by sync fan

N\
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Considerations

 Geometry
* RHIC tunnel (injection, RHIC magnets, RCS, eSR)
» Experimental hall (IP6?)
« Space for detector

* Physics considerations
« See previous slide, other talks

 Accelerator/optics
« Match into existing tunnel
* Dispersion, chromaticity




Considerations (cont.)

* Crab cavities
 Location
 Geometry
« Beam optics constraints

* Engineering
« Magnets: feasibility
 Cryostating
« Utilities

* Project
» Cost, risk
« R&D required
* VVendors




IR Design Choices
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EIC IR: Forward Direction

* Roman pots
(sensitive 1 to 5 mrad)
* Mostly interleaved magnets
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BOApF  0.043 0.6 -3.3 0 -3.3
Q1lApF  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
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Hadron Forward - Apertures

—0.2 1 Magnet aperture optimization: B1ApF
Magnets tilted and displaced
I BlpF
—-0.3 4 Magnets split in two (e.g. Q1A and Q1B) P
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EIC IR: Rear Direction
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Length z (m)

* Hadron magnets: 10c
beam size aperture

[mm] [mm] [m] [T/m] [T] [mm] [mm] [m] [T] [T/m] [T]
Ql1ApR 20 26 1.8 784 2.0 QleR 66 79 1.8 0 14 -1.1
Q1BpR 28 28 1.4 784 2.2 Q2eR 83 94 1.4 0 14.1 1.3
Q2pR 54 54 45 338 1.8 B2eR 97 139 5.5 0.2 0 -0.2
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* IR fits Into RHIC tunnel

« Lattice: sufficient space for crab cavities and spin
rotators




Tunnel Cross Section

All accelerators fit into the existing tunnel

RHIC RCS

Existing
RHIC
tunnel
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I\/Iatch to Hadron Ring
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IR Magnets - Overview

* Three groups of superconducting magnets
» All NbTi

* (Also: normal conducting magnets, not addressed here)

Octupole Coll
Test Winding

9 Direct Wind Magnets 6 Collared Magnets 1 Special Magnet
(S-MD)




BOpF Spectrometer Magnet

Return Yoke

« Superferric 1.3T magnet
 Fixed field
« Option: normal conducting

« Aperture: 0.23x0.5m?

 Electrons: 15T/m gradient
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Q2pF — Collared Magnet

* HadrOn quadrupOIe ol Field free region Quadrupole
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Q2pF Simulation Results
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Cold Mass Concept

* Half shells welded to end plate
¢ serves as helium containment vessel
* Reacts longitudinal Lorentz forces e .

 Partial iron contained within shells (blocks? laminations?)
* Test vertically

LEAD END
SECTION

27" [686 mm] OD

/ (to fit dewar)

Compare radial
collar width

CENTRAL

SECTION

Powered leads exit
away from electron
tube

arge diam set screws
with gaged “bullets”




Cold Mass In Full Iron Yoke

* Quter yoke - stacked blocks. Place cold mass in half yoke.
* Total magnet weight ~68,000 lbs [30,800 kg]
* Support of yoke?

SST

SHELL

¢ SECTION
A-A

Tube transition region
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Central Vacuum Chamber

Opening in electron beam screen Real part of |Ong. |mpedance
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Synchrotron Radiation

\ B2eR « Generated by quads only

Q25R « Tails: can produce hard radiation
* Non-Gaussian

» Aggressive collimation to a few
sigma: extremely poor lifetime

vower~ 20 * Most radiation has to be passed
Facet = Gamm  Mteraction Point through detector, absorbed far
Bx=0.83, By = 0.08 downstream to minimize
Facet ¢ = 62mm backscatter

(13.11) |+
Density contours

5th contour line
30h lifetime

QOefF field
Start of QOeF

Power=165W
_~Facet = 62mm

IR aperture: 13




SynRad — 18 GeV, latest Lattice

Power on electron beam tube absorber Electrons

Total power on absorber: 78.3W

SynRad Results — Core and Tails for 18GeV



Electron Lattice

° NeW |terat|0n JUSt 800 ———— IBe]tOIF‘Lm‘cU[oQ Lm‘oqe\J ——
completed - | |

e Reason:

« Crab cavity location
close/in neutron cone

« Synchrotron radiation for
crab cavities

 Matched into lattice of
eSR
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Present IR Design
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Present IR Design

Issues addressed for crab cavities:

Synchrotron radiation
Physical interference |5 Crab cavities
1.0 A 5\&
0.5 4
0.0 -
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X
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Plans

« Adopt new electron lattice as baseline
* Needs to go through Change Control Board

« Several task forces in place/being setup
(JLAB/BNL)
 Effect/mitigation of detector solenoid on beam dynamics
« Conceptual design of IR magnets (matching and spin
rotators)

« Synchrotron radiation (SLAC/BNL)

« Beam tails
« Evaluate present lattice
« Masking scheme (reduce synchrotron fan)

« Magnet development
* Layout
» Feasibility

‘A




Design Change Control (DCC)

* (Not exclusive to IR)

e Introduced to prevent uncontrolled changes
* IR particularly vulnerable

« Organized way to introduce changes to
baseline

« Start: potential change identified
» Assess impact of all involved L2/L3 areas
« DCC committee meeting/recommendation
« Change accepted or dismissed

.
. '/ » ‘\.‘
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Summary

* IR developed In collaboration with BNL Physics
* Meets requirements of ‘white paper’
* |s there anything we have been missing?

* Many considerations went into this IR
« Geometric constraints
* Engineering feasibility
« Magnets, cryostating

* Changes are possible

* Need to go through DCC
« What problem needs fixing?

. N
-
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EIC Detector Infrastructure

Split Hadron End-Cap, E&H-Cal, and pull out PID —9/19

Split End-Cap Carriage

Note: Rough design for Upper Stability Frame is still needed




IR Development

« Core group
« Several experts matrixed (C-AD, NSLSII, SLAC)

* Meetings
« Weekly IR meetings
» Bi-weekly Synrad meetings
« Future: Integration meetings

 How do we keep track?
« Sharepoint: meetings, presentations, ...
- Lattice files with history

« Concept specification documents
» Being populated

 How do changes become the baseline?
« Change control board (CCB)

-




Baseline Parameters

Full and Moderate Scope Luminasities (HD)
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BOpF Simulation Results
 Challenging:

1.4
shielding tube
* End effects from 1
dipole magnet
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Rear Side Magnet Q1APR/Q1ER

» Gradients QleR

* QleR: 14 T/m .
* Q1ApR: 78 T/m

 Large synchrotron radiation fan _ ..
« Defines apertures of rear lepton

Sync fan

/

—0.85 1

magnets Q1ApR
* Quads as close as possible to h /
IR -0.95 | | | | | | |
- 2-in-1 magnets: apertures T e
overlapping

N . Quadrupole magnets
 Alternative: interleaving magnets

« Or: taper magnets

- Tapered magnets: change in ° (
multipole field along magnet N
length . o




Tapered Double-Helix Coils

* Double helix (or CCT)
known since 60s

 ‘tilted solenoids’

* Field is generated by two
layers

« Each layer: multipole field
and solenoidal field

» Solenoidal field cancels

« More general: vector
addition of two currents

« Can create any current
distribution outside cylinder

* Allows to change
multipole fields at different
locations

X = Rcos(0)
y = Rsin(®)

ya—

fah o

sin(n®)

N




QleR

* Length: 1.8m

* Gradient: 14T/m

* NbTi conductor, 4.2K
« 74A

* Margin: 32%
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Tapered Double Helix Magnet

Demonstrator presently under construction ...

« 4 layer coll . S [
* Aperture: 60..80mm . e N
e L=0.4m £ oo

« Compatible with direct wind process .

« H. Witte et al.

http://dx.doi.org/10.1109/TASC.2019.290298 °
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Hadron Forward — Orbit Bump
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Electron Forward

 Move crab out of neutron _
cone = ool 1

* Move geometry matching
dipoles away from IR

 Beta reduction at crab doesn’t
conflict with dispersion control .

« 0.083 T dipole fields [
» =90 deg. to crab -




