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I =The RHIC online model

consists of two ~3.8 km independent superconducting accelerators JET polarimeter
operates with a wide range of particle species and beam energies i
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I =The RHIC online model

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:

:

IR6 & IR8 quadrupole wiring scheme
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=> the common parameter is the power supply current: need transfer functions to
obtain the gradient K, for each quadrupole.

Specific macros are used for each IR to rematch the local 87 to its target value.
Each macro is then ran iteratively to create a database of IR settings for each
desired 3" and working point.



I =The RHIC online model

e RAMPDESIGNER is the software used to complement the MAD model in creating the
energy ramp for each Run.

A4 Ramp Designer =@cscompile0L.pbn.bnl.gov> ~

Config: dbconfigf1302895033 Blue Species: Au Yellow Species: Au

Ramp: | Aulivi

Options | BetaStarSlopes | DR8toDRG ! DipoleHarmonics | FamilyTF | WarmTF | polyField | specificTF |
State [ On | On | off | On | on | On | On \
Blue [ Yellow |_ DxAngles l_StoneEditor|
DipoleRamp [ BetaStar [ TuneChrom |_ Lattice |_ QOptics |_ Magnets l_ Power Supplies|
—Brhos Brho Ramp |
Place Brho [T-m] |
Ingjection | 81.11378003 1000
Store | 831.7630132 300
—Total Times = 600
Type Total Time [sec] | 2 400
Ramp | 380 e
Flattop | 360 200
0 : : :
—Peak Ramp Rate 0 100 200 300 400
Ramp Rate [T-m/secl | Tine from accramp [sec]
| 2.9713198813
— Derivatives
3.0 b
Injection Brho s 2
Show Stones TZ : 0.02 E—
Store Brho E20p /e B e N e =
Undo 3 : 0,00 &
Peak Ramp Rate S0 b
Redo z 2
= =1 &
Ramp Time ° ; =
Send 200 o
Flattop Time Time from accramp [sec]
d(Brho)/dt (¥1) d*2(Brho)/dt"2 (¥2)
—Times
Name Type Time [secl ALo] [T-m] A[1] [T-m/sec] | A[2] [T-m/sec*2] | AL[3] [T-m/sec"3]
TO | Constant [ 81.11378003 o [ o
T1 Cubic 20 81.11378003 o] ] 0.,000260642094851
T2 Quadratic 80 83.1989167888 0.312770513821 0,015638525691 o]
T3 Cubic 10 208,307122317 2.81493462439 0,015638525691 | —0,000521284189701
T4 Linear 150 237.49903694 2.9713198813 o] o]
= Cuhic 20 AR 19701913R 2 Q71198813 ol —0 0600320a5124R7R3% -
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RAMPDESIGNER is the software used to complement the MAD model in creating the
energy ramp for each Run.

L4 |Ramp Designer =@cscompile0L. pbn.bnl.gov>

Yellow Species: p

Yellow DxAngles | StoneEditor
DipoleRamp BetaStar TuneChrom Lattice Optics Magnets Power Supplies
—Tune Design

Show Stones 28,700
o
& 28,690
28,685
20,600 :
0 200
Edit Qy... Time from accramp [sec]
Edit Cx... 0x (¥1) Oy (v2)
Edit Cy... | —Chrom Design
Gamma Scaling Off D g B T B P B P 2.1
hed =2
Set Stones... ° <
Smooth Design... 2,01 : i i L0
' 1°° - 3°° *

Smooth Trims Time from accramp [sec]

Cx (¥1) — Cy (¥2)
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I =The RHIC online model Il - Interface to control applications & feedback systems Il - Operational achievements [V - Conclusion

e RAMPDESIGNER is the software used to complement the MAD model in creating the
energy ramp for each Run.

I3 Ramp Designer =@cscompile0L. pbn.bnl.gov:>

Yellow Species: p

Yellow DxAngles | StoneEditor

DipoleRamp | BetaStar TuneChrom Lattice Optics Magnets Power Supplies
—BetaStar Design {

Redo

=
e
T
e}
B
B
]

0 100 200 300 400
Time from accramp [sec]

— IP2 — IP4 — IP& — IP8 — IP10 — IP12

—BetaStar Functions
IP2

OMCM Workshop - GRD, 6/21/11 6



I =The RHIC online model

RAMPDESIGNER is the software used to complement the MAD model in creating the
energy ramp for each Run.

L] Ramp Designer =@cscompile0L. pbn.bnl.gov> 7777/

File Help
mmﬂamp: |ppnij Config: dbconfigi292529485  Blue Species: p Yellow Species: p
Options | BetaStarSlopes | DR8toDRG | DipoleHarmonics | FamilyTF | WarmTF | polyField | specificTF |
State I On | On | off | On | on | On | On |

Blue [ Yellow |_ DxAngles [StoneEditor|
[_ DipoIeRamp[ BetaStar [ TuneChrom [ Lattice |_ Optics |_ Magnets [PowerSuppﬁesI

Select Magnet type: Q2 =]

Currents | Voltages|
Value | devalueydt [d"z(VaIue)Jdt”zl

Current [Anps]
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I =The RHIC online model

RAMPDESIGNER is the software used to complement the MAD model in creating the
energy ramp for each Run.

L4 Ramp Designer =@cscompile0L.pbn.bnl.gov> "

Ramp: |pp11v10§ Config: dbconfigi1292529495 Blue Species: p Yellow Species:

p

Options | BetaStarSlopes | DR8toDRG ! DipoleHarmonics | FamilyTF | WarmTF | polyField ! specificTF |
State On On | Off | On | on | On | On \
Blue [ Yellow |_ DxAngles |_StoneEditor|
DipoleRamp [ BetaStar [ TuneChrom [ Lattice [ Optics |_ Magnets |_Power Supplies[
Stone: | pp11vi0::store — | Twiss | Orbit | Correctors|
—Beta Function
—Tunes/Chroms
Stone # 31 50
Time [secl 320
Gamma 266,336117985 — 40
BetaGamma 266334240651 3
Brho [T-m] 833.,556527 =30
Qx 28,6876646025 S 2 : :
oy 29.756547939 s : g
ChromX —1.455310993 =2 10k : :
ChromY 0.418771825341 Pt (i
ChromX2 2140,22512109 0 + + + i
ChromY2 7971.03067277 0 1000 2000 3000 4000
ChromX3 463685, 807929 Scoord [n]
ChromY3 61612,4822123
GammaT 23.8465294283 — Beta{ =~ ——— Beta¥

Save to SXF File...

b AN
2000 V

—IP Parameters

|

Value/IP IP6 | IP8 IP10 IP12 IP2 IP4

BetaX [m] 0.,692591686 0.,633592169 6.55570858 6.50660471 3.00581408 6.53932405

BetaY [m] 0,755571187 0.632276611 6.33844781 6.82507949 3.2910175 7.83818508
AlphaX —0,0461527918 —0.105977662 —0.0418177794 0.,0380408747 —0.,0450272328 0,0443539316
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I =The RHIC online model

RAMPDESIGNER is the software used to complement the MAD model in creating the
energy ramp for each Run.

L °4d Ramp Designer =@cscompile0L. pbn.bnl.gov> 7~
Menu

T Help |
OptiCalcDesign I Design+Trim |Ramp: Ipp11v10: Config: dbconfigf1292529495 Blue Species: p Yellow Species: p
Options | BetaStarSlopes | DR8toDRG ! DipoleHarmonics | FamilyTF | WarmTF | polyField ! specificTF |
State I On | On | Off | On | on | On | On
Blue [ Yellow |_ DxAngles ]_StoneEditor|
DipoleRamp |_ BetaStar [ TuneChrom [ Lattice [ Optics |_ Magnets ]_Power Supplies|
Stone: |pp11v10::store — | Twiss | Orbit | Correctors|
—Beta Function
—Tunes/Chroms !
Stone # 31 50
Time [secl 320
Gamma 266,336117985 9 40
BetaGamma 266 .,334240651 ;
Brho [T-m] 833.,556527 £ 30
Ox 28.6876646025 g 2
Qy 29.756547939 ‘3
ChromX -1.455310993 2 0k
ChromY 0.418771825341
ChromX2 2140,22512109 0
ChromY2 7971.03067277
ChromX3 463685, 807929 Scoord [n]
ChromY3 61612,4822123
GammaT 23.8465294283 Betai — BetaV

—Dispersion Function

SavetosxFFile." 2.0 .......................... R TR R R R LR LT .

R 111111 14114 O 1 g 11101 GO 1111 SO 111 S

2 : : :

@ : : :

E& 0,0 h /\é i ;

= 2000 V 3000 i \,rv 4000
1.0 Seoord Iml .
Eta¥ — Eta¥
—IP Parameters

Value/IP IP6 | IP8 | IP10 | IP12 | IP2 | IP4 |
BetaX [m] 0.,692591686 0.633592169 6.,55570858 6.,50660471 3.00581408 6.,53932405
BetaY [m] 0,755571187 0.632276611 6.,33844781 6.82507949 3.2910175 7.83818508
AlphaX -0.0461527918 -0,105977662 -0.0418177794 0.,0380408747 —0,0450272328 0,0443539316

RHIC energy ramps are based on StepStones, i.e. checkpoint along the ramp in
magnet currents: this allows for smooth 3 * squeeze and/or tune swings (if needed).



I =The RHIC online model

To operate with RAMPDESIGNER, one needs a computation server: RAMPMANAGER.

RAMPMANAGER loads the StepStone input files and the database of measured
magnetic transfer functions to always ensure the conversion between magnet
current and magnet gradient; the sorting into magnet families is also done on this
server.

In addition to RAMPMANAGER, there is a 2"¢ server dedicated to optics calculations
and tune/chromaticity matching: OPTICALC, made of two separate engines:

° lattice optics, based on one-turn map eigenvectors and eigenvalues calculations;

> tune and chromaticity corrections, based on a measured response matrix.



I =The RHIC online model

To operate with RAMPDESIGNER, one needs a computation server: RAMPMANAGER.

RAMPMANAGER loads the StepStone input files and the database of measured
magnetic transfer functions to always ensure the conversion between magnet
current and magnet gradient; the sorting into magnet families is also done on this
server.

In addition to RAMPMANAGER, there is a 2"¢ server dedicated to optics calculations
and tune/chromaticity matching: OPTICALC, made of two separate engines:

> lattice optics, based on one-turn map eigenvectors and eigenvalues calculations;

> tune and chromaticity corrections, based on a measured response matrix.

Schematically:

@@ T

Controls Applications < § RAMPMANAGER OPTICALC

Shift Leader/Operator ﬁr ﬁ > Database



Il - Interface to control applications & feedback systems

Among the controls software, one was designed to provide a GUI to OPTICALC:
RAMPEDITOR:

L4 RampEditor =@cscompile0L.pbn.bnl.gov>~

Ramp Edit Buffer Optics Stepstone Compare Diagnostics Helpl

Editing: pp11v10 Live Stone: Aullvi::store Ramp State: LastStone Save | Activate / Make Live|

Optics Table [Stepstone Editorl_ Compare!Revert|
Blue | Yellow |

O TN S MO M B M (ST I | T T | ChronX hrom |
(o] 29,6065

2

.0 injection 25.379 28,7624 - -5.4 28,7624 29.6065 . =5.4
8.0 t8 25.466 28,7611 29,6237 o -0.4 28,7611 29.6237 - -0.4
16.0 snapback 26,075 28,7663 29.6313 o -2. 28,7663 29.6313 . -2.0
31.0 t31 29.871 28,7595 29.6429 o -1. 28,7595 29.6429 . =il
34.0 t34 31.071 28,7553 29,6450 o -1. 28,7553 29.6450 o =il &
43.9 gg63 36,086 28,7479 29,6531 o -0, 28,7479 29,6531 . =il
58.0 158 45,963 28,7373 29.6648 o -0, 28,7373 29.6648 o -0.2
70.4 gg98 57.334 28,7292 29.6718 o -0, 28,7292 29.6718 . -0.
73.8 ggl04 60,939 28,7278 29.6754 o -0, 28,7278 29.67%54 . -0.
90.0 t90 80.120 28,7220 29.6822 o o 28,7220 29.6822 . .
110.9 ggl79 106,005 28,6984 29,6697 o -0, 28.6984 29.6697 . —0.
130.0 gg219 129.824 28,6919 29,6685 . . 28,6919 29,6685 o .
132.9 88225 133.429 28,6916 29,6690 o o 28.6916 29.6690 . .

135.8 gg231 137.034 28,6923 29.6711
150.1 28260 154.676 28,6931 29.6764
169.2 gg300 178.495 28,6940 29.6787
172.1 gg306 182,100 28.6951 29.6809
gg341 203.347 28,6935 29.6894
205.5 gg375 223.560 28,6805 29,6866
208.4 gg381 227.166 28,6802 29,6882
211.4 gg387 230.770 28,6802 29,6898
228.5 gg422 249,941 28.6837 29,7052
231.4 28428 252.517 28,6837 29,7080
248.4 gg462 263.134 28,6807 29,7207
260.0 1260 265,997 28,6807 29,7297
270.0 flattop 266.336 28,6842 29,7398
280.0 1280 266,336 28,6877 29.7499
290.0 t290 266.336 28,6880 29,7547
300.0 1300 266,336 28,6871 29,7577

28.6923 29.6711
28.6931 29.6764
28.6940 29,6787
28,6951 29.6809
28.6935 29.6894
28.6805 29.6866
28.6802 29.6882
28.6802 29.6898
28.6837 29.7052
28.6837 29,7080
28.6807 29,7207
28.6807 29,7297
28.6842 29.7398
28.6877 29.7499
28.6880 29,7547
28.6871 29.7577
7 28,6869 29.7596
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Tune Nudge = 0.0005 \d 'y

Using standard RampManager and wfgMan (Jun 19 12:47:55)
Using model server OptiCalcDesign (Jun 19 12:47:55) J
.| Ramp file activated - Au11v1_1308501198 (Jun 19 12:47:55)




Among the controls software, one was designed to provide a GUI to OPTICALC

Il - Interface to control applications & feedback systems

RAMPEDITOR:

L "4 RampEditor =@cscompile0L.pbn.bnl.gov>
Ramp Edit Buffer

Gptics

Stepstone Coinpare

Diagnostics

Help |

Editing: pp11v10 Live Stone: Aullvi::store Ramp State: LastStone Save | Activate / Make Livel
_ Optics Table Stepstone Editor[ Compare!Revert|

Stepstone Pebble Blue [ Yellow I_ Green |

injection Trim BDesign BTrim u

18 SEXTUPOLE | pbo6—qdi -0.083098 —0.083098 0.000000

snapback H_STEER bo6—qf2 0.190531 0.000000 0.190531 0.000000

31 V_STEER bo6—qd3 -0.118756 0.000000  —0.118756 0.000000

34 GAMMA bo6—tqd 0.033285 0.000000 0.033285 0.000000

gg63 SKEW_QUAD | pos-tq5 0.021134| —0.002944 0.021134  —0,002944

58 SKEW_SEXT | bo6-tq6 -0.014487 0.000000  —0,014487 0.000000

gg98 NONLINEAR | pos—qf8 0.099747 0.000000 0.099747 0.000000

gg104 ABORT bo7—qf8 0.099747 0.000000 0.099747 0.000000 -

90 BEND bo7-tq6 —-0.014487| —0.000145 —0.014487 -0,000145

99179 HELIX bo7-tq5 0.021134 0.002117 0.021134 0.002117

99218 RF bo7-tq4 0.033285 0.000000 0.033285 0.000000

99225 bo7—qd3 -0.118756 0.,000000 -0.118756 0.000000

99231 bo7-qf2 0.190531 0.000000 0.190531 0.000000

949260 bo7—-qd1 -0.083098 0.000000 —-0.083098 0.000000

99300 bi8—qf1 0.083080 0.000000 0.083080 0.000000

99306 bi8—qd2 -0.190509 0.,000000 —0.,190509 0.000000

gg341 bi8—qf3 0.118666 -0.,000059 0.118666 -0.,000059

99375 bi8—tq4 -0.033100 0.000000 —-0.,033100 0.000000

gg381 bi8—qd4 -0.166746 0.000000 —-0.166746 0.000000

99387 bi8—tq5 -0.019874 -0.000399 -0.019874 —-0.000399

99422 bi8—tq6 0.014669 0.000000 0.014669 0.000000

99428 bi8—qf7 0.078481 0.000000 0.078481 0.000000

gg462 bi8—qd8 -0.101167 0.000000  —0.101167 0.000000

1260 bi8—qf9 0.101027 0.,000000 0.101027 0.000000

flattop bi9—qf9 0.089556 0.000000 0.089556 0.000000

280 bi9-qd8 -0.092133 0.000000 -0.,092133 0.000000

290 bi9—qf7 0.083293 0.000000 0.083293 0.000000

1300 bi9-tq6 -0.009285 0.000000 —-0.,009285 0.000000

310 bi9—tq5 0.009920 0.000000 0.009920 0.000000

,

Nudge = 0.000010 ¥ | & |

Using standard RampManager and wfghMan (Jun 19 12:47:55)
Using model server OptiCalcDesign (Jun 19 12:47:55)
.| Ramp file activated - Au11v1_1308501198 (Jun 19 12:47:55)




Il - Interface to control applications & feedback systems

Among the controls software, one was designed to provide a GUI to OPTICALC

RAMPEDITOR:

Menu
ramp Edit Buffer OGptics

Stepstone Comnpare

Diagnostics

Help |

Editing: pp11v10 Live Stone: Aullvi::store Ramp State: LastStone Save | Activate / Make Live|
_ Optics Table Stepstone Editor[ Compare!RevertI

Stepstone Pebble Blue [ Yellow I_ Green |

injection | QUAD Trim BDesign BTrim |

8 b—sxFf—op ~0.00444

snapback | H_STEER b-sxd—op -0.52762 0.00419 -0.52762 0.00419

31 V_STEER b-sxf—om -0.00444 —-0.00444

34 GAMMA b-sxd—om -0.52762 0.00419 -0.52762 0.00419

gg63 SKEW_QUAD | b-sxd—im . 0.00419 0.00419

58 SKEW_SEXT | pb-sxf-ip | —0.00444 -0.00444

gg98 NONLINEAR | b-sxd-ip | 0.00419 0.00419

gg104 ABORT b-sxf—im | —0.00444 ~0.00444

190 BEND |

9g178 HELIX Besign | BTrim | 3

99218 RE bo6-sx£10 0.27502 -0.00444 0.27502 -0.00444

99225 bo6-sxd11 -0.52762 0.00419 -0.52762 0.00419

99231 bo6-sxf12 0.27502 -0.00444 0.27502 -0.00444

99260 bo6-sxd13 -0.52762 0.00419 -0.52762 0.00419

99300 bi8-sxd10 -0.52762 0.00419 -0.52762 0.00419

99306 bi8-sxf11 0.27502 -0.00444 0.27502 -0.00444

9g341 bi8-sxd12 -0.52762 0.00419 -0.52762 0.00419

99375 bi8-sxf13 0.27502 -0.00444 0.27502 -0.00444

9g381 bol0-sxf10 0.27502 -0.00444 0.27502 -0.00444

9g387 bol0-sxd11 -0.52762 0.00419 -0.52762 0.00419

gga22 bol0-sxf12 0.27502 -0.00444 0.27502 -0.00444

9g428 bol0-sxd13 -0.52762 0.00419 -0.52762 0.00419

9g462 bil-sxf13 0.27502 -0.00444 0.27502 -0.00444

260 bil-sxd12 -0.52762 0.00419 -0.52762 0.00419

flattop bil-sxf11 0.27502 -0.00444 0.27502 -0.00444

280 bil-sxd10 -0.52762 0.00419 -0.52762 0.00419

290 bo2-sxf10 0.27502 —-0.00444 0.27502 -0.00444 -

500 bo2-sxd11 -0.52762 0.00419 -0.52762 0.00419

310 bo2-sxf12 0.27502 -0.00444 0.27502 -0.00444

bo2-sxd13 0.52762 0.00419 0.52762 0.00419 i

Nudge = 0.00010 ¥ | & |

Using standard RampManager and wfgMan (Jun 19 12:47:55)
Using model server OptiCalcDesign (Jun 19 12:47:55)
.| Ramp file activated - Au11v1_1308501198 (Jun 19 12:47:55)




Il - Interface to control applications & feedback systems

Among the controls software, one was designed to provide a GUI to OPTICALC:
RAMPEDITOR: allows changing the machine parameters with either a global knob
(tune/chrom), a family knob (sextupole and up) or changing individual magnets.

Each magnet strength (gradient) is split into two parts: DESIGN and TRIM. DESIGN is
the target optics and tune/chromaticity parameters as expected from MAD and
RAMPDESIGNER work, while TRIM is the correction one needs to apply to effectively
get those design settings in the machine.

For closed orbit modeling, a separate library was created, ORBITCALC. It is handled
independently by a specific GUI: RHICORBITDISPLAY. OPTICALC does not contain any
orbit information, but can control the steering magnets.



Il - Interface to control applications & feedback systems

(%4 Biue Orbit Display <@cscompileL. pbn. bnl.gov>

File Acquire Orbit Correction

X orbit

orbit [mm]

pipmr

5 s ]

-10

Scale Control:

egion: Ring =1 | Orbit scale [mm]: 0.5 — ‘

Beam ==> Lattice: Blue

Ring
||

nagnets ©  hsteer ®  usteer

o hbpns = ubpns

Tarn: |4 ﬂ ﬂ Increment: | §

Orbit list:
1 |Mon Jun 20 11:06:35 Measured : ] . : ’
“2 Mon Jun 20 11:06:36 | Measured RhicOrbitDisplay main window
- 3 [Mon Jun 20 11:06:37 | Measured |
—| 4 [Mon Jun 20 11:06:38 | Measured |
- 5 |Mon Jun 20 11:06:39 Measured
4+ 6 |No comment Model e
[=) ]
1

¥ orbit

orbit [mm]

Data

Delete | Trigger Avg I Trigger 1BY |

— Orbit S

A
X: |-0.0776/0.35399| 1.344 1 J

[Y: [0.93295(1.95902| 6.71 1

47
54 v

| =]

< Arcs

< Displayed Re¥.

Orbit manager for Blue ring created successfully
Acquisition mode set to Closed Orbit

Orbit manager for Blue ring created successfully
Acquisition mode set to STOP

ing Orbit Bump Window = @cscompile0L. pbn. bnl.gov>

Get corrector data from: | Specified Stone —
Ramp name: | Aulivi)
StepStone row: | 1}

=]

RhicOrbitDisplay local correction window

Optics from:

Model Model| | Twiss file

Get Data

Bump: Local3-bump = | Plane: X | Corrtype: Trim = | Control method: StepStone —

Correct at s(m): | ¢ Correctat: | iIPg =]

Sk
0.00 0.,0000 0.0000 0.0000 o
0.00 0.0000 0.0000 0.0000 o
0,00 0.,0000 0.,0000 0.0000 o
0.00 0.0000 0.0000 0.0000 o
0
Bumnp strength {mm): ls; ﬂ ﬂ Strength nerement (i}
Apply Bumps | Save Bumps Correction Data | Plot Orbit I Plot Twiss Close

Bad corrector data. Check RampManager.
Bad twiss data.
Not all data received.

Getting data neccesary for the bump construction.

StepStone name: Aul1vi::injection
Corrector data OK.

Betatron tunes: nu_x = 31.229, nu_y = 32.215

Twiss data OK.
All data OK.

~e—

=)

OMCM Workshop - GRD, 6/21/1 |



Il - Interface to control applications & feedback systems

Among the controls software, one was designed to provide a GUI to OPTICALC:
RAMPEDITOR: allows changing the machine parameters with either a global knob
(tune/chrom), a family knob (sextupole and up) or changing individual magnets.

Each magnet strength (gradient) is split into two parts: DESIGN and TRIM. DESIGN is
the target optics and tune/chromaticity parameters as expected from MAD and
RAMPDESIGNER work, while TRIM is the correction one needs to apply to effectively
get those design settings in the machine.

For closed orbit modeling, a separate library was created, ORBITCALC. It is handled
independently by a specific GUI: RHICORBITDISPLAY. OPTICALC does not contain any
orbit information, but can control the steering magnets.

Once the energy ramp and its target orbit (incl. separation bumps) have been
designed, one only needs a selected number of StepsStones to control the beam
along that ramp. ANCHORED StepStones mark the settings that are definitely
required at the considered time along the ramp; between those, the online model
applies a POLYNOMIAL INTERPOLATION to get the corresponding magnet strengths

=> one of the key components to the feedback systems!!



Il - Interface to control applications & feedback systems

* Feedback systems: as of RHIC RunlO, all four feedbacks (tune, coupling, orbit,
chromaticity) can be used simultaneously during ramp development.

* RAMPTUNER is the interface between OPTICALC and feedback/feed-forward system:
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Il - Interface to control applications & feedback systems

* Feedback systems: as of RHIC RunlO, all four feedbacks (tune, coupling, orbit,
chromaticity) can be used simultaneously during ramp development.

* RAMPTUNER is the interface between OPTICALC and feedback/feed-forward system:
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Il - Interface to control applications & feedback systems

* Feedback systems: as of RHIC RunlO, all four feedbacks (tune, coupling, orbit,
chromaticity) can be used simultaneously during ramp development.

* RAMPTUNER is the interface between OPTICALC and feedback/feed-forward system:
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Il - Interface to control applications & feedback systems

* Feedback systems: as of RHIC RunlO, all four feedbacks (tune, coupling, orbit,
chromaticity) can be used simultaneously during ramp development.

* RAMPTUNER is the interface between OPTICALC and feedback/feed-forward system:
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Il - Operational achievements

Use of online model as a diagnostics tool: RHICBEAMENVELOPE application, designed to provide
access to all data relevant to the analysis of longitudinal beam loss patterns

O Yellow Orbit Display (on cscompile02.pbn.bnl.gov) | - %
File Acquire Orbit Correction Help |
BLM:datalHzH BLM:datalHzM ScalelContiol: :I
300 : 1500 . . Region: Ring —t | Orbit scale [mm]: 0.5 — | EmittN. | 20 |
: : : : : : : : — Orbit list:
200 : : : : 1000 : : : : |
100 : : : : : : : : IS D Name Comment Src Clr
o : : : : 500 : : : : 1 |EmittN = 20,000000 Logged
o0 : : : : . : : : 1
0 1000 2000 2000 4000 0 1000 2000 3000 4000
s [m] s [n]
¥ orbit ¥ orbit
80 = -
1
= = farm |4 ﬂ ﬂ increment: |4
b= a
< < i : Data | Diglete | Trigger fwg;| Trigger '?’i-i'?’l
‘ § § : : — Orbit Statistics:
: b : : A
-100+ : b : : F@mwm
: P : : X: |0.27014|0.65222| 2,509 J
: ! § : Y: [-0.4939(1.71829] 6.705| 147
. : : I : : : : = .
0 1000 2000 2000 4000 0 1000 2000 3000 4000 “ Displayed Region
s [n] s [n]  Arcs
Beam <== Lattice: Yellow . Beam <== Lattice: Yellow _.
Ring Ring
0 1000 2000 3000 4000 ] 1000 2000 3000 4000
maghnets ] hsteer L] vsteer maghets © hsteer L] vsteer
o hbpms L] vbpms o hbpms L vbpms
A
Starting connection to orbit manager... please wait...
Orbit manager for Yellow ring created successfullyProblem loading logged data files.

=]




Use of online model as a diagnostics tool: RHICBEAMENVELOPE application, designed to provide

Il - Operational achievements

access to all data relevant to the analysis of longitudinal beam loss patterns

—_

File Acquire Orbit Correction

Yellow Orbit Display (on cscompile02.pbn.bnl.gov) — & X

Help |

BLM:datalHzH

3760 3770 3780 3790 3800 3810
s [m]

¥ orbit

80

e

i)

2

=

5

-80
3760 3770 3780 3730 3800 3810

s [n]

Beam <== Lattice: Yellow .
Ring

=] o : . o =8

3760 3770 3780 3730 3800 3810

maghnets ] hsteer L] vsteer
o hbpms L] vbpms

1500

1000

500

wiuLL Ly

-100

Beam <==

BLH:datalHzM
b
3770 3780 3730 3800 3810
s [n]
¥ orbit

—Scale Control:

Region: Ring — I Orbit scale [mm]: 0.5 — | EmittN. | 20 ﬂ

— Orbit list:

IS D Name Comment Src Clr 5|
1 |EmittN = 20,000000 Logged

5] )
1
Tam: |4 ﬂ ﬂ increment: |§
Data | Delete | Trigger Avg | Trigger 1BY |

— Orbit Statistics:

o e L i

[y: [-0.8522[0.50303] 1.45]

: : : =) i
3770 3780 3730 3800 3810 “ Displayed Region
s [m]  Arcs
Lattice: Yellow _ .
Ring

3770 3780 3790 3800 3810

o hsteer (] vsteer
L vbpms

Starting connection to orbit manager... please wait...

Orbit manager for Yellow ring created successfullyProblem loading logged data files.

]




Use of online model as a diagnostics tool: RHICBEAMENVELOPE application, designed to provide

Il - Operational achievements

access to all data relevant to the analysis of longitudinal beam loss patterns

—_
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Il - Operational achievements

* Use of online model as a beam experiment tool: RHICBETASTAR application, designed to
rematch a given IR to achieve a new target 3" value, in the context of Au runs with stochatic cooling
(smaller emittance => larger available aperture => room for further squeeze)
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Il - Operational achievements

* Use of online model as a beam experiment tool: RHICBETASTAR application, designed to
rematch a given IR to achieve a new target 3 value, in the context of Au runs with stochatic cooling
(smaller emittance => larger available aperture => room for greater squeeze)
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e Preliminary results; actually lead to checklist of system requirements (chromaticity control + use of
tune/orbit feedback) and further offline studies of a similar knob using MAD-X algorithm module to
calculate AK, for IR quadrupoles rematching with boundary conditions (still being analyzed).




Il - Operational achievements

» Feedback in the context of proton preservation and avoidance of spin resonance:

X

rms
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Precision beam control enabling energy ramps near Q=2/3

250 GeV
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Il - Operational achievements

» Feedback in the context of beam polarization measurement at 250GeV: measured via H-jet
to be 46%; data acquired at 100 GeV before and after the energy ramp to 250 GeV using a CNI
polarimeter show |1% polarization loss per ramp — assuming identical loss during acceleration and
deceleration: from previous runs at 100 GeV, that would imply a store polarization of 56%

=> setup and 3 up & down ramps in 2 shifts, all executed with simultaneous orbit, tune, coupling and
chromaticity feedback
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Il - Operational achievements

BLUE RING feed-forward TUNES in pp| | down0
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Il - Operational achievements
BLUE RING feed-forward CHROM in pp| 1down0
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IV - Conclusion

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:

o 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
B " in any given IR (interest in both squeeze and un-squeeze);

o 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).



