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species           beam energies: 
    Au–Au          ~ 10 different,     
                        up to 100 GeV/n 
    d–Au*          100 GeV/n       
    Cu–Cu         11, 31, 100 GeV/n 
    p↑–p↑         11, 31, 100, 250 GeV  

consists of two ~3.8 km independent superconducting accelerators 
operates with a wide range of particle species and beam energies 



  RHIC lattice originally designed in MAD-8/MAD-X environment, created as a line of 
thick-lens elements. Each ring (Blue and Yellow) has its own lattice file. 

  A separate strength file for each ring is generated by taking into account the IR 
quadrupole wiring scheme: 

=> the common parameter is the power supply current: need transfer functions to 
obtain the gradient Ki for each quadrupole. 

  Specific macros are used for each IR to rematch the local β* to its target value. 
Each macro is then ran iteratively to create a database of IR settings for each 
desired β* and working point. 
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IR6 & IR8 quadrupole wiring scheme 
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  RAMPDESIGNER is the software used to complement the MAD model in creating the 
energy ramp for each Run. 
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  RAMPDESIGNER is the software used to complement the MAD model in creating the 
energy ramp for each Run. 

  RHIC energy ramps are based on StepStones, i.e. checkpoint along the ramp in 
magnet currents: this allows for smooth β* squeeze and/or tune swings (if needed). 
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Controls Applications 

Database 

User 

RAMPMANAGER OPTICALC 

Shift Leader/Operator 

WFG 
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RhicOrbitDisplay main window 

RhicOrbitDisplay local correction window 
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(still under commissioning) 
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  Feedback in the context of proton preservation and avoidance of spin resonance: 
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Xrms 

Yrms 

0.006 

250 GeV 

Qy  

Qx  

~ 20 microns 

~ 20 microns 
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250 GeV 

100 GeV 

56x56 bunches 109x109 bunches 109x109 bunches 

(1) pp11up0 - injection to 100 GeV 

(2) pp11up1 – 100 to 250 GeV 

(3) pp11down0 – 250 to 100 GeV 
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BLUE RING feed-forward ORBIT of pp11up1 BLUE RING feed-forward ORBIT in pp11down0 

600 microns 1 mm 
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BLUE RING feed-forward TUNES in pp11down0 BLUE RING feed-forward TUNES of pp11up1 

0.04 0.15 
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BLUE RING feed-forward CHROM of pp11up1 BLUE RING feed-forward CHROM in pp11down0 

15 25 



  The RHIC Online Model is made of a lattice and energy ramp design used as inputs to two 
computation servers, RAMPMANAGER and OPTICALC, each with their own dedicated purpose.  

  In the past, the RHIC energy ramp was based entirely on StepStones to allow for orbit and tune 
control and beta* squeeze schemes evolving throughout the energy ramp. RAMPMANAGER/
OPTICALC have evolved over the Runs to provide an interface with multiple feedback loops now 
used routinely at RHIC to accelerate, squeeze and steer the beams into collisions and for 
periodic orbit control during normal physics stores.  

  Ramp commissioning as well as dedicated accelerator physics experiments profit from these 
enhanced capabilities: 

◦  shorter ramp development period (shifts instead of days), instant benefit to STAR and 
PHENIX experiments in term of integrated luminosity; 

◦  controlling the beam properties using the 4 feedback systems while dynamically squeezing 
β* in any given IR (interest in both squeeze and un-squeeze); 

◦  data easily accessible for the development of diagnostic and analysis tools (e.g. 
RHICORBITDISPLAY, RHICBEAMENVELOPE, LOPTICS for optics measurement and correction). 

  Future work with OPTICALC: looking into the possibility of using some of MAD capabilities as 
part of the matching modules, study of the b2 field component in dipoles for low energy runs, 
develop methods for non-linear correction (Q” and Q”’ mainly). 
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