Model Update
Nikolay Malitsky, APEX , November 2, 2007

Outline:

L New Development (from Apex 2006)
= Online nonlinear chromaticity correction

1 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

L Next Step



Nonlinear Chromaticity Correction

HARMON Approach

Chapter 12. HARMON N\
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The HARMON calculations are based on a pr
MAD by D. Schofield [8]. Various changes and

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

12.3 Higher-order Chromaticities

The second- and third-order chromaticities consider only the effects of quadrupoles and higher-order
multipoles, We introduce the functions

fer(s) = Be(s) (Ki(s) — Ka(s)Dz(s)),

for(s) = By(s)(Ki(s) — Ka(s)Da(s)),

for(8) = ~fus — Ba(9) (Ka(8) D2(s) + 5 K(s)(D2(s))?),

fi2() =~ = B,(5) (Ka(s)D%2(s) + SK(s)(D2(s))’),

Fos(8) = —fur — Ba(9) (Ka(8)D%2(s) + Ks(s)D2()D%2(s) + cKa(s)(D(s))°),
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Nonlinear Chromaticity Correction

Online Model vs HARMON
1st Order Natural Chromaticity + SF’sand SD’s + b2 of dipoles
h Y h Y, h v
Harmon -82.1 -83.1 9.3 6.9 N/A N/A
OptiCalc -88.9 -90.0 . ] ] _
: Error fixed with an appropriate -
OptiCalcV2 -82.1 831 4@ ¢ .
representation of IR quadrupoles: H
Simpson’s variant vs kick
d ici : : : :
2" Order Natural Chromaticity + SF’sand SD’s Calculation Time:
h v h Y
Harmon 3.9e+3 4.5e+3 1.7e+3 1.4e+2 Linear optics: 6 ms
. Nonlinear effects: +2 ms
OptiCalcV2 4.0e+3 4.6e+3 2.0e+3 5.5e+2
3" Order Natural Chromaticity + SF’sand SD’s
h Y h v
Harmon 2.9e+6 3.1le+6 -3.3e+4 -8.2e+4
OptiCalcV2 2.9e+6 3.2e+6 -3.2e+4 -9.1e+4




Nonlinear Chromaticity Correction
Interface to the linear and nonlinear corrections

Nonlinear Chromaticities

2. “Expert” Nonlinear Correction Tool based on:

* HARMON calculator

zccli

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

Ramp Edit Buffer Opti 1w © Levenberg-Marquart (LMDIF) optimizer
Editing: Au72 Live 3t | 2| snapback ¥ P P =5, 0 =, 0T =L 0 S Z6Z
Optles Table lStepstont _3 t40 28,3032 29,2331 4.7 e 276 103 —4046 931
o pammatl 28,3211 29,2603 4.3 -6.5D 436 152 5912 753
Blue | Yellow | 5| betab 28.3207| 29.2709 -3.6 —6.5 200 164 —3467 1034
- B gammat2 28.3248| 29,2746 —4.3 —2.3 34 174 —1903 490
1 0.0 injection | #¢| gammat3 28,3255 29,2769 2.0 4.1 317 147 1646 1795
Bl 16,0 snepback |H stills 28.3223| 29.2750 5.0 4.1 335 155 980 1710
3| 40.0 +40 89 gammat4d 28,3141 | 29,2767 g.0 4.1 450 175 1581 1278
B 6.2 pamati | 110 28.3065| 29,2768 7.0 4.0 437 185 2696 1404
5 73.2 beta5 |11 t140 28.2923| 29.2691 11.0 3.1 404 207 3347 2131
76 76.2 gamatz |12 t170 28.2968| 29,2788 7.0 4.2 603 217 5315 2751
7l 80.2 pammat3 |13  t200 28.3049| 29.2948 3.5 7.2 1035 171 1230 4860
8 83.2 stills |14  t230 28.2566| 29.2633 S 7.4 1449 -15] -12563 23184
79 9.2 pamata |15 243 28.2470| 29,2709 2.2 7.1 1352 33| -63642 22766
10 110.0 £110 16  t260 28.2245| 29.2578 1.0 8.1 1076 a| -170245 12117
11 140.0 £140 17 flattop | 28.2018| 29,2504 1.4 9.2 —808 324| -291608| 24538
12 170.0 +170 E store 28,2032 29,2672 -1.0 5.8 —820 438| 308246 —49438
[ 13 200.0 £200 &
14 230.0 230
15 243.0 243 Heloadl Close |
|16 260.0 £260
174 280.0 flattop 107,396 28,2018 29,2504 1.4 9.2 J 28,2018 29,2504 1.4 9.2
18 300.0 store 107,396 28,2032 29,2672 -1.0 5.8 28,2032 29,2672 -1.9 5.8
i




Nonlinear Chromaticity Correction
measurement after correction, March 22, 2007

The first attempt, a single shot : 1500 - 151

[ Analysis of Data — Yellow ring — Thu Mar 22, 2007 21:01:16
— Tune vs. Momentum
Fit order = 3
0,234 0,226
0.252 0,224
0,230
= 0,222 &2
0,228
0,226 0.220
=0,0014 -0,0012 =0,0010 =0,0008 =0, 0008 =0,0004 =0, 0002 0,0000 0,0002 0, 0004 0, 0008 0,0008 0,0010 0,0012 0,.0014
DeltalP) 7 P
| (W]
* Ture=¥ (%1} Fit=H (Y1) o Tune=Y (¥2)
[ 0
Row | Deltatp)/p | _BBQ X BBO Y £
1 —-0,00133299| 0,226586| 0,000221913| 0,228516| 0,22168 EBBO 0,220835| 6
—0.000666048 | 0.227991 | 0.000185634| 0©.222656| ©.228516 BBO 0.221565| 8
0| 0.229581 0.000143578| 0.222656| 0.229492 BBQ 0.222311| 9367 90,4076 7
0| 0.229631] 0.000125159| 0,222656| ©,229492 EBBQ 0.222045| 84297
0,000666937 | 0,230928| 0,00014615| 0,223633| 0,230469 EBO 0,22274| 6] 7 | 151.57 | 8
0.00133387| 0.232843| 0.000193186| 0.224609| 0.231445 BBO 0.224008 [
0 0 0 0 0 BBO 0
0 [ 0 [ 0 BBOQ 0
[ o 0 o 0 EBBO 0
[ [ 0 [ 0 BBO ) | s
0 0 0 0 0 BBO 0 0 0| 0o BBG |
Horizontal 0,999188 0,229526 | 5,69218e—05 2,15539 . 0661367 90.4076 |—7 75.33 107364 123986
Vertical | 0.996175 | 0.222138| 6.10036e—05 | 0.778807| 0.0708793 | 151.57| 97 | 2311086 | 132876

I |

=]

‘g

Set Peak #1

Set BBGQ |

Close |



Beta™ squeeze
Yellow ring (design + trim)

The second attempt, a single shot.

OptiCale | Design+Trim |Ramp: IAu?Zs: Config: Idbconﬁg!ll?044495&j Blue Species: IAu Yellow Species: IAu
Options | BetaStarSlopes | DR8toDRG | DipoleHarmonics | FamilyTF | WarmTF | polyField | specificTF
State -_\ on off [ on [on | on | on
| Blue Yellow IDxAngIesl
DipoIeRampl BetaStar [TuneChrom[ Lattice [ Optics |_ MagCurr |_ Strengths lTransFuncl BDL lShuntCurrl ShuntVolt
Twiiss | Orbit|

prompt Au72s:store =y |

—Beta Function

— Tunes/Chroms
Stone # 17.000000000 5
Time [secl 300, 000000000
Gamma 107,396089446 _ 40
BetaGamma 107.391433682 3
Brho [T-ml 831,763013200 30
Ox 28,242339129 o o
ay 29,360675269 ‘n
ChromX —13.319671164 2 5
ChromY -3,686922972
Chrom%2 —764.590138638 0
ChromY2 5473782988491
ChromX3 263088, 746727523 scoard [ml
ChromY3 -62201,700575373
GammaT 23,301398101 Betall Betat

Disperzion [nl

IPG 1 IP8 j
0.810832 0.663305
—IP Parameters e
value/IP 1P6 1P8 | w10 fa¥ L[ml 0.783725 0.635649
BetaX [ml 0.6810832 ©.,663305 EN: [ A OORaRE TR T aac | |
BetaY [ml 0.783725 0.635649 4.9 LS ) < 15151 P v v
AlphaX -0, 00808578 0,0168836 —-0,0326743 0,0159508 —-0,0188304 0,0102782
AlphaY —-0,0403602 —-0,0143089 ©,0288832 0,0388808 0,0147868 -0, 0239935
EtaX [ml 0.0225759 0.0174639 -0.0234273 0.0223504 0.0233197 —0.00842543




RhicLiveOrbitCorrector: the first sequel of the
OrbitCalc library

OrbitCalc is a collection of closed orbit algorithms encapsulated from the RhicOrbitDisplay

OrbitCalc Library

application for reusing and extending by different applications (Sequencer, etc.)

Description :

Here are the classes, structs, unions and mterfaces with bnef descrnptions:

OrbitCalc:
OrbitCale:
OrbitCale:
OrhitCale:
OrbitCalc:
OrbitCale:
OrbitCale:
OrhitCale:
OrbitCalc:
OrbitCale:
OrbitCale:
OrhitCale:

:Corrector
:CorrectorSet
:CorrStruct
:IPBump

:Monitor
:MonitorSet
:0rbitCorrection
:OrhitData
:SlidingBumps
:ThreeBump

1 Twiss

IPCorrectionNames

Orbit correctar

Set af arbit carreciors

Vector of struciuras with correcior

Basic class af the

Container with IFP od

Orbit monitar

Set of monitors

Abstract basic class

Orbit

Orbit

Correction 1o

FrECiIoy Mores

—B

est Correctors

—Sliding Bumps

Farmeiars

Structure

IP Bump

Mzei_‘gfabaf correciion czppmacﬂze‘s/

roach

Habal sliding b

Local three-biemps ¢

T T T

T T L

Crraciion approach

Container with Twiss pg

IP Pos Bump

IP Angle Bump

array of i
¥ Three Bump Orbit Data
\ A
» Corrector Set 4-8":-:)%@9- Monitor Set
v set of v set of
Corrector Monitor

from OptiCalc




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);
corrln.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);

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

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




Resolving the dispersion issue in the d-Au online
model

Help |

Blue Species: I d Yellow Species: IAu

OptiCalcTest | Design+Trim |Ramp: IdAuB(I:
DR8toDRG | DipoleHarmonics | FamilyTF | WarmTF | poluField | specificTF

Options | BetaStarSlopes
State | On

File

Config: |dbconﬁgn192023263§

off | On [ on | On | On
_ Blue I Yellow I DxAngles [StoneEdit0r|
DipoIeRamp[ BetaStar [ TuneChrom[ Lattice I Optics [ MagCurr [ Strengths [ TransFunc [ BDL [ ShuntCurr [ ShuntVolt
prompt | dAuB0::store — I Twiss | Orbit|
— Beta Function
—Tunes/Chroms
Stone # 20, 000000000
Time [secl 300, 000000000
Gamma 107, 396089446
BetaGamma 107,391433682
Brho L[T-ml 831.,763013200
Qx 31.227080705
Qy 32.223024437
ChromX —1,759950743
ChromY 8§,268708506 ﬂ
Chromx2 1872.996775101 } } } i
ChromY2 1212,649192963 o 1000 2000 3000 4000
ChromX3 65140, 595584496 Scoord [n]
Chrom¥Y3 125653,62513277°2
GammaT 26,.562088363 Betall Betal
—Dispersion Function
= oL e bl g o 1T T I i
5 /\ : :
o R : —
I 1000 2000 4000
FE E _1 .......................... ................... S. C-D. d [m] ..................... ........................
L 1 e A- I _2.. .......................... e .
B
E oL, AY J'LI Eta Eta¥
vd = | IP10 | IP12 | 1P2 | IP4 |
Be .06828 2,95188 3.08791 3.09206 2.,93483
Be -2 ooy o .00391 2,99019 2,97708 3.0511 3.04328
. o p— 042968 —0,0634815 0,00288326 —0.,00563477 0,0565683
AlphaY —0.,0029285 0,0208926 —-0,0144166 0,0306697 —0.,0441727 —0.,000895348
Etax L[m] -0,0117923 -0,0109393 0.0336953 —0,0117927 -0,0121371 0,0329693
EtaY L[ml o] o] o] o] o] o]




Next Step

O Further consolidation of RampDesigner, OptiCalc online model,
and Levenberg-Marguart 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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