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Scope  Overview



Outline
• PS Systems

• 400MeV Injector –Gun to Linac PS’s (Install 2028)
• 400MeV Injector to (RCS) Rapid Cycling Synchrotron 

(Install 2028)
• RCS (Install 2028)
• RCS-ESR (Electron Storage Ring) (Install 2028)
• ESR (Install 2029-2030)
• Hadron Ring Modifications Injection (Install 2029-2031)
• Hadron Ring Low Energy Bypass + (Install 2029-2031)
• IR (Interaction Region) (Install 2032-2033)
• SHC (Strong hadron Cooling) (Install 2033)

• Areas of Concern

• Conclusion
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Power Supply Machine Sections
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Hadron Storage Ring, HR Injection, Low Energy Bypass

• The Hadron Storage Ring (old yellow ring) will use the existing 
RHIC Power Supplies – except for the RHIC Main Dipole and Quad PS’s- New 
PS’s will be purchased for RHIC Yellow Mains

• IR ps’s
• Sextupole ps’s
• Corrector  ps’s
• Gamma-T ps’s

• The inner arc (old blue) for HR Injection Transport, the Low 
Energy bypass and between 10:00 and 12:00, and between 
2:00 and 12:00 will still be using some of the RHIC Power 
Supplies

• IR ps’s
• Sextupole ps’s
• Corrector  ps’s

• Warm Injection line - must jump over the yellow arc to get to 
the the blue arc

• Old Warm Injection line ps’s + new ps’s

• These have been maintained and some have been 
upgraded
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Gun to 400MeV Linac – DC Supplies
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400MeV Injector to RCS Transfer line- DC Supplies
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RCS Waveform
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All these supplies will produce pulsed current with rise and fall times of 100 msec.
• Flattop of 20 msec, for 18GeV
• Flattop of 270 msec for 5 GeV.

There will be two front porches in the current of every power supply.
• The first front porch will at 400 MeV for 320 msec.
• The second front porch will be at 1.8GeV for 90 msec.

The repetition rate will be 1 Hz.

RCS Reference: Ioannis Marneris



RCS PS Types
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All power supplies will be switch mode four quadrant.

The topology of all of the RCS power supplies is still being investigated
• Interleaved H bridge?
• Multi level Converter?

Each RCS power supply will have a capacitor bank from where energy is drawn from when the 
magnets are pulsing.

Possibility of a front-end power regulator which will maintain the input average power 
constant and will stop charging the capacitor bank when the required capacitor voltage is 
reached.

See Ed Bajon talk for more details.



RCS Power Supplies
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100 msec rise time, copper cable,  18 GeV 2 Dipole supplies

Power  PS PS Cap Cap Bank

Power supply name Magnets/ps supplies AMPS VOLTS(+/-) Bank (F) Volts

Dipole1 192.00 1.00 2000 1800 0.3 2300

Dipole2 192.00 1.00 2000 1800 0.3 2300

QD 180.00 1.00 1100 2300 0.3 2600

QF 174.00 1.00 1100 2300 0.3 2600

QD0 to QD8 8.00 9.00 1100 500 0.15 700

QDI0 to QDI8 4.00 9.00 1100 300 0.15 500

QF1 to QF7 8.00 7.00 1100 500 0.15 700

QFI1 to  QFI7 4.00 7.00 1100 300 0.15 500

QF8 4.00 1.00 1100 500 0.15 700

QDI9 2.00 1.00 1100 300 0.15 500

SX1, SX2, SX3, SX4 90.00 4.00 720 600 0.2 700

CH1 to CH276, CV1 to CV552 1.00 828.00 10 50 0.1 140

Total power supplies 869.00

Total Dipole magnets 192.00

Total Quad magnets 546.00

Total Sextuple magnets 360.00 Circumferance of RHIC 2.4606 miles or 3.96 Km 

Total Correction magnets 558 1 mile is 5280 feet

RCS Reference: Ioannis Marneris



RCS-SR transfer line
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ESR ps’s - overall ps’s
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The Electron Storage Ring (SR) – Main Dipoles

The storage ring (SR) is operated DC. The main dipoles in the SR are implemented as 252 
triplets.  The outer dipoles, D1 and D3, are connected in series throughout the entire ring, and 
operates at 5,200A.  The inner dipoles, D2, are also operated in series throughout the ring, and 
operates at 7,027A.  D2 must also be bipolar, but this is not a burden for the proposed technology 
(interleaved H-bridge).

Unlike RHIC, where the main currents are distributed around the ring using superconductor, 
these warm magnets will be powered with warm conductors.  To keep the power in the bus to 
about 3 MW for each circuit,  water cooled copper bus, with area 6.25 in2 is chosen.

The ring is about 4km around or 8km round trip.  Because this bus must go around the 
experimental areas and up to the equipment house, 10.5km is used.



Injection Transport – 6:00 Side of 4/5 – Warm Line
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Injection Transport – 4:00 Side of 4/5 – Warm Line

The beam is transferred from the outer ring to the inner ring in a warm 
transfer line. The power supplies for that line are shown below.  The fast 
kicker magnets are not part of this scope.
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12:00

10:00

2:00
Red = Yellow

Low Energy Bypass - Overview

Inner sextant will have its own independent set of power supplies. The power 
supplies will be ramped as the energy in the sextant is accelerated from 
injection energy to 41 GeV.

DX magnets are removed, the SC D0 magnets will be removed and replaced 
with Warm D0 magnets which are independently powered. 

Cold diode reversal is required in order to protect a quenching magnet since the 
current flow has been reversed through the magnets of the inner ring for 41GeV

275GeV

41GeV



SHC layout

• Electron source

• ERL High Energy beam transport(HEBT)
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High Voltage Power Supply - reviewing RFP now

150mA



6:00 IR PS and Quench Protection

Both the electrons and hadrons will use superconducting magnets at IR6. Each 
magnet load is independently powered.
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• High current, high energy – There are four magnets which will be powered 
at the 12-15kA level with energies in the MJ range.  These will require 
quench protection and energy extraction resistors. These are 1.2kA 
paralleled switchode ps.

• Low current, medium energy – There are five magnets that will be 
powered in the 100-500A level with energies up to 120kJ.

• Low current, low energy – There are eight magnets that will be powered in 
the 35-500A level with low stored energy.  These will be protected with 
overvoltage sensing and clamping, as is done with the RHIC correctors.

Power to all of these magnet loads will be by copper cables or water cooled bus.



Hadron Ring – Cold Crossing Bus Elements
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The two CCB cables (one dipole, one quad) start at the valve boxes in the equipment houses outside the ring.  
They are pulled through the VJ piping, which enters the ring through access openings.
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1002 IR New Lead Pot



1012A Valve Box Crossover
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Reference: Zachary Zapata



Conclusion

• Requirements (still waiting), Staffing, Late start for PS’s
• Retirement of staff with extensive knowledge of PS’s and the machines
• Low current ripple requirement of ESR (0.5ppm)
• Will the Warm DC Cables, cable tray and magnets fit in the tunnel?
• Large number of power supplies
• Limited Vendors
• Environmental control of buildings
• Building size
• Quench Detection, Quench Protection
• Hadron Ring work extensive
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Areas of Concern

• ~2100 EIC PS’s + 600 RHIC PS’s

• DC PS’s and Pulsed PS’s, one special High Voltage

• Collaboration with the BNL LSII PS engineers for PS’s and Power Supply Controllers

• Build to Prints will help with limited vendor base but more work for us

• Possible use of Electrolytic capacitors will help reduce the size of the RCS ps’s

• We will need all the time and help we can get



END
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Staffing
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• Don Bruno 80% EIC 20% AD
• Bob Lambiase 60% EIC 40% CAD
• Ioannis Marneris 20% EIC 80% CAD
• Entry level engineers

• Zachary Zapata, started 12/22/23
• Albert Labrada, started 5/15/23
• Dominic Prevosto, starts 6/5/23
• Kiran Pandy, starts 6/26/23

• Looking to hire 3 more experienced 
engineers

• RHIC PS Group
• 3 experienced engineers
• 12 techncians



Approximate Dates
Will be delayed
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Low Energy Bypass - Overview
Warm switching magnets are added to change 
the path of the hadrons to the inner sextant 
between 10:00 and 12:00 for 41 GeV.
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Inner

Outer

12:00



Powering the SHC chicane quads
Magnet 
max 
current 
(A)Based on the required magnet current from the lattice design 

(see table), Bob has designed a cascade shunting circuit (below).

This minimizes the power supply rating and the current passed 
through the feedthroughs.

There is not enough space in the valve box to take all these 
feedthroughs. They will need to be located in the tunnel.
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Mid Range Power 
DC Supplies



Mid Range Power PS’s (3kW-25kW)
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When high precision is needed for DC unipolar 

power supplies with ratings of 25kW or less, 

it is most economical to use standard switch 

mode power supplies.

The units shown to the left are a good 

example of this. The lower portion contains 

three units rated  110A @ 30V, which are 

set in the voltage mode.  Above it is a BNL 

built DCCT chassis (which also contains the 

freewheeling diodes), and above that is the 

PSC.  The controllers take an Ethernet 

command and deliver a regulated current to 

the magnets.

3kW-25kW, unipolar, DC,

COTS sw mode ps, 2 Ch 

or 4Ch PSC based on 

ALS-U PSC and a PDU 

based on the ALS-U 

design
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Power Distribution Unit (PDU)
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Correctors DC Supplies



ESR Arc Dipoles, Other Large EIC PSs (Applied Power Systems)

Custom, Will use PSC for control

The design shown above is a three phase interleaved H-bridge design. 

The three phase switched output triples the ripple frequency as 

compared to one bridge.

This design has been used at C-AD for the e-Lens solenoids just above 

the 1kA level, the EBIS pulsed quads, and more recently for Linac

Bending Magnet 1. 

This design is that this design is scalable, as these outputs parallel easily

It can also be bipolar in both voltage and current

One Application is the ESR, D1/D3 is 5.2kA and D2 is 7kA.
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High Power (RCS) Pulsed Supplies

• Flattop of 20msec for 18GeV
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High Power (RCS) cont’d
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Low Power Correctors (RCS) Pulsed Supplies

• Flattop of 20msec for 18GeV



Hadron Storage Ring, HR Injection, Low Energy Bypass

• The Hadron Storage Ring (old yellow ring) will use the existing 
RHIC Power Supplies.

• Except RHIC main dipole and quad ps’s – will be purchased new

• IR ps’s

• Sextupole ps’s

• Corrector  ps’s

• Gamma-T ps’s

• The inner arc (old blue) for HR Injection Transport and the 
Low Energy bypass will still be using some of the RHIC 
Power Supplies

• IR ps’s

• Sextupole ps’s

• Corrector  ps’s

• Warm Injection line
• Old Warm Injection line ps’s + new ps’s

• These have been maintained and some have been 
upgraded
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The Cold Crossing Bus (CCB)

The CCB is used to carry power between the valve boxes in the service buildings to the 

magnets in the ring, as well as to carry power over warm sections of within the ring.  There 

are three types of superconductors – the main power bus rated 6,300 A, the dipole/quad 

cable rated 450 A, and the trim bus conductors rated 150 A.

The CCB is about an inch in diameter.
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Scope  Overview: The Big Picture
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The Cold Crossing Bus (CCB)

The CCB is used to carry power between the valve boxes in the service buildings to the 

magnets in the ring, as well as to carry power over warm sections of within the ring.  There 

are three types of superconductors – the main power bus rated 6,300 A, the dipole/quad 

cable rated 450 A, and the trim bus conductors rated 150 A.

The CCB is about an inch in diameter.
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