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Lattice Design

● RHIC IR
● Dispersion Suppressor

● Telescope

● Optics Fitting
● Independent IR approach

● Full Ring approach

● E-Lens

● PP2PP

● Summary
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RHIC IR

Arc
Dispersion
Suppressor Telescope Telescope

Dispersion
Suppressor Arc

IP

● Design the dispersion suppressors first
● Use shortened and/or missing magnets in FODO cells

● Determines the geometry of the ring

– May be necessary if designing for an existing tunnel
● For anti-symmetric optics, the suppressor must work for DOFO 

cells as well
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RHIC IR

● The RHIC dispersion suppressor
● Two short dipoles and an ARC dipole

● Varying the dipole lengths/positions changes the 
dispersion  with negligible effect on the twiss functions.

● Drift spaces for: Injection kickers, septum, snakes, etc.
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RHIC IR

● The telescope typically consists of a doublet and a triplet

● Used to change the β* to small (or large) values

● The arcs are standard FODO cells with bending 
magnets

● Large warm drift space for: Rotators, Instrumentation, 
RF cavities, Beam dump, etc.
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Optics Fitting

● Change the quadrupoles to adjust β*, Dispersion, etc.

● Constraints for each IR

● Constrain IP to be the β*s of choice (6 constraints)

● Constrain End to match to the Arc (6 constraints)

● Additional constraints: β
max

, machine tunes, PP2PP, etc.

● Fit to within the power supply limits.

● Fit as beam line, one super-period and/or use full ring.

● Programs: MAD8, MADX, OpticsDesigner and OpticsDesigner2

Arc Arc½ IR ½ IR

Start IP End
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Optics Fitting

● Set the Power-supply/Shunt 
currents to get desired optics
● Use an Optimizer to find the 

currents

● Desired optics functions are the 
constraints

● Changing optics with beam 
(squeeze)
● Requires smooth changes to 

the currents

● Weakest point: Magnet 
transfer functions

Power-supply/Shunt Currents

Wire Up

Quadrupole Currents

Transfer Functions

Quadrupole Strengths

Optical Analysis (MAD)

Dispersion/Beta Functions
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Optics Fitting

● Independent IR approach
● Advantages

– Build new ramps with different β* without refitting optics
– Faster fitting of optics

● Disadvantages
– Uses same solution for all IRs
– Blue and Yellow optics maybe different (perhaps due to 

mismatch)
– Power supply limits can be exceeded due to fitting conditions 

being different from the final ramp
– Can't take advantage of more power supply head room at the 

lower energies
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Optics Fitting

● Full ring approach
● Advantages

– Fits as final ramp
– Provides more power supplies for fitting
– Can have different solutions for each IR

● Disadvantages
– Takes much longer to fit
– Must be refit whenever β* changes are requested
– Larger number of free variables are harder for the optimizer
– May make it harder to keep current changes smooth due to 

additional inter dependencies between free variables
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E-Lens

● The goal is for higher intensity proton beams

● Phase constraint between IP8 (Phenix) and IP10 (e-
Lens)

● Different tunes in the rings for achieving the phase 
constraints
● Blue: Q = (27.69, 29.68)
● Yellow: Q = (29.69, 30.68)

● Two additional shunt supplies to adjust phase per ring

● Must use full ring approach for fitting

● β* = 0.65 meters at IP6 and IP8
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E-Lens
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E-Lens
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PP2PP

IP

DX D0

Q1

Q2

Q3

RP

PP2PP – Coulomb (Elastic) scattering experiment

 x
pxRP

=M  x
pxIP

M=[a11 Leff

a21 a22
]=[  RP

IP

cos  IP sin   IPRP sin 

1 IP RP sin  IP−RP  cos 

 IP RP  IP

RP

cos −RP sin ]
a11≈0 ⇒ =



2
⇒ Leff=IP RP

Q4



APEX: Nov 19-20, 2012 Steve Tepikian 14

PP2PP
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PP2PP

255GeV at Store
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Summary

● Description of RHIC lattice design
● Discuss optics fitting methods
● Progress of the E-Lens ramp
● Progress with the PP2PP ramp
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