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New Development (from Apex 2006)
Online nonlinear chromaticity correction

2006-2007 Upgrade and Commissioning
Online nonlinear chromaticity correction
Beta* squeeze
Tune fitting at the near-integer working point
RhicLiveOrbitCorrector: the first sequel of the OrbitCalc library
Resolving the dispersion issue in the d-Au online model

Next Step

Outline: 



Nonlinear Chromaticity Correction 
HARMON Approach

HARMON algorithm is based on linear optics => it 
turns out as (1) a natural extension and  (2) a  precise 
test of the OptiCalc linear model 



Nonlinear Chromaticity Correction                       
Online Model vs HARMON

1st Order Natural Chromaticity + SF’s and SD’s + b2 of dipoles

h v h v h v

Harmon -82.1 -83.1 9.3 6.9 N/A N/A

OptiCalc -88.9 -90.0 2.1 -0.50 2.2 1.7

OptiCalcV2 -82.1 -83.1 8.8 6.3 9.0 8.5

2nd Order Natural Chromaticity + SF’s and SD’s

h v h v

Harmon 3.9e+3 4.5e+3 1.7e+3 1.4e+2

OptiCalcV2 4.0e+3 4.6e+3 2.0e+3 5.5e+2

3rd Order Natural Chromaticity + SF’s and SD’s

h v h v

Harmon 2.9e+6 3.1e+6 -3.3e+4 -8.2e+4

OptiCalcV2 2.9e+6 3.2e+6 -3.2e+4 -9.1e+4

Calculation Time:

Linear optics:            6 ms
Nonlinear effects:   +2 ms

Error fixed with an appropriate 
representation of IR quadrupoles: 
Simpson’s variant vs kick



Nonlinear Chromaticity Correction 
Interface to the linear and nonlinear corrections

2. “Expert” Nonlinear Correction Tool based on:
• HARMON calculator
• Levenberg-Marquart (LMDIF) optimizer 

1. Operational Linear Correction Tool extended with:
• support of 8 sextupole families
• support of nonlinear correction settings



Nonlinear Chromaticity Correction 
measurement after correction, March 22, 2007

The first attempt, a single shot : 1500 151



Beta* squeeze 
Yellow ring (design + trim)

The second attempt, a single shot.



RhicLiveOrbitCorrector: the first sequel of the 
OrbitCalc library OrbitCalc Library

Orbit Correction
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Structure
Description : 

OrbitCalc is a collection of closed orbit algorithms encapsulated from the RhicOrbitDisplay 
application for reusing and extending by different applications (Sequencer, etc.) 



RhicLiveOrbitCorrector: the first sequel of the 
OrbitCalc library RhicLiveOrbitCorrector (1)

1. std::cout << "Get monitor data " << std::endl;
OrbitCalc::OrbitData orbitData(inFileName.c_str());
OrbitCalc::MonitorSet* _Xmonitors = new OrbitCalc::MonitorSet(orbitData, true, OrbitCalc::X);
OrbitCalc::MonitorSet* _Ymonitors = new OrbitCalc::MonitorSet(orbitData, true, OrbitCalc::Y);

2. std::cout << " Get initial corrector strengths " << std::endl;
corrIn.Read(inFile, OrbitCalc::X);
_RM.GetCorrectorStrength(corrIn);
OrbitCalc::CorrectorSet* _Xcorrectors = new OrbitCalc::CorrectorSet(corrIn, false, OrbitCalc::X); 
corrIn.Read(inFile, OrbitCalc::Y);
_RM.GetCorrectorStrength(corrIn);
OrbitCalc::CorrectorSet* _Ycorrectors = new OrbitCalc::CorrectorSet(corrIn, false, OrbitCalc::Y); 

3. std::cout << “Load optics “ << std::endl;
_RM.GetTunes(nu_x, nu_y, machineType);
_RM.GetTwiss(twissTmp, _nTw, machineType);
_Xmonitors->LoadTwiss(_twiss, _nTw);
_Ymonitors->LoadTwiss(_twiss, _nTw);
_Xcorrectors->LoadTwiss(_twiss, _nTw); 
_Ycorrectors->LoadTwiss(_twiss, _nTw); 



RhicLiveOrbitCorrector: the first sequel of the 
OrbitCalc library RhicLiveOrbitCorrector (2)

4. std::cout << "Get target orbit " << std::endl;
_Xmonitors->LoadOrbit(filename,'g');
_Ymonitors->LoadOrbit(filename,'g');

5. std::cout << "Apply Best Correctors " << std::endl;
OrbitCalc::BestCorrectors bcorr(_bestCorrN);
bcorr.LoadSettings(_Xcorrectors, _Xmonitors, OrbitCalc::TRIM_TYPE, _muTotX); 
bcorr.MakeCorrection(0., 4000., _withDpp);
bcorr.LoadSettings(_Ycorrectors, _Ymonitors, OrbitCalc::TRIM_TYPE, _muTotY); 
bcorr.MakeCorrection(0., 4000., _withDpp);

7. std::cout << “send corrector data” << std::endl;
OrbitCalc::CorrStruct corrFin;
corrFin.GetData(*_Xcorrectors);
_RM.PutCorrectorStrength(corrFin);
corrFin.GetData(*_Ycorrectors);
_RM.PutCorrectorStrength(corrFin);

6. std::cout << “Construct a new orbit” << std::endl;
RhicOrbit newOrbit = OrbitCalc::ConstructRhicOrbit(*_Xmonitors, *_Ymonitors);



Resolving the dispersion issue in the d-Au online 
model



Next Step

Further consolidation of RampDesigner,  OptiCalc online model, 
and  Levenberg-Marquart optimization module towards the 
following applications (in order of their complexity): 

Adding the robust tune fitting procedure for working at the near-
interger working point
Automation of gamma-transition setting
Individual optimization of the important stones, such as injection, 
gamma transition, store. 
Quarter/Semi/Automation of the ramp design procedure
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