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Some Reference Parameters
- Jaom

Number of front-end VME chassis 315
Number of read/write parameters (settings) 403,000
Number of read-only parameters (measurements) 502,000
Number of name server entries (devices & servers) 52,600
Total archive capacity 75 GB/day
Number of Named Items Archived 260,000
Total Amount of Data written to disk * ~15 TB/run
Trigger resolution of event system 100 ns
Time jitter of beam synchronous event clock <0.5ns
Real-Time Data Link and time-of-day clock rate 720 Hz
Maximum time: loss-of-permit to beam abort 60 us (5 turns)

* MOMAUOO2 Improving Data Retrieval Rates Using Remote Data Servers
presenter: Bart Frak

BROOKHFIAVEN Kevin Brown 4 Oct. 10 - 14, 2011

NATIONAL LABORATORY

icalepcs 2011



Current Focus & Future Directions

o Cyber Security
— our sophistication must grow to (even) match sophistication of new threats
— Threats now reach deeper into the layers of the controls (Stuxnet)

* Operations (see MOPKNO21 Asynchronous Data Notification ...)
— All digital MCR (no oscilloscopes) — greater demand on software & reliability
— Better data mining tools and improved access to large volumes of data

« Machine Protection (see: WEPMUQO15 MPS for ERL)
— reliability analysis
— improved quench detection reliability
— synchrotron radiation from high energy electron beams
— high power electron beams
— SRF systems
o Accelerator Physics
— more compute intensive online models
— more sophisticated online analysis
— larger data volumes and bandwidth utilization
— ORM & online optics measurements (as operations tools)
— more beam physics based control (parametric, auto-correction, model based corrections)
« All digital controls
— LLRF and instrumentation for feedback

 Feedback and new controls paradigms

BROOKHFIAVEN Kevin Brown 5 Oct. 10 - 14, 2011

NATIONAL LABORATORY

icalepcs 2011



~ TR :15 - Tue Feb 16 09:45:01 -0 x

Window Markers Analysis

Ags Loss Monitor - Client 2

File PPM Options Alarm

2000: L 800
fA 500
- I\
150- - S = -4
s : | J: 400
wot: ; 300
04:41:00 04:43:00 04245200 04:47:00 04249:00 04351500 04:53:00 04:55:00
o 13
i s
i
11
o
04:41:00 04343200 0d:45:00 04:47:00 04249200 04:51:00 04:53:00 04:55:00
Tine (Start Fill = 11718)
—e— blu.UCH,emittzemitth (Y1) yel.UCH.enittiemitth (Y1) ~ —&— bo2-ucm3:bunchlengthll (Y2) yi2-won3zbunchLengthi (¥2)
7]

Windows m];)ﬂr-lﬂﬂ EOEI-IB[I 400 - 500 600 - 700 1,100 - 1,300 lr,iﬂﬂ-ljsllﬂ 1,500 - 1,71 Acquire Once
- |-L4% E -1,469 |-1.481 1A% |
2,095 28 74 75 39 64 | Acquire Continuously
- - 2 o - ]
1] IiL2 Not Acquiring
Windows to Display
1200 1200 o0 |-
s _.i S IS
1000 )it 1000
800 | & = -| 1800
A A
600 600 !
o el o [ eAneeiel] [ | b - jooo - 1,100 ||
400 400 Display Cycle: |Cvele 1 ]
Gain: Low
200 fernseerentrren 200 No. of Cycles:
Display Sigmas: No .
" 0] Scale Factor: | 0.08|
Offset: | 100
-200 -200 Setup File:
A B c D E F G H 1 ] K L Data Source:  Saved
Data File: Sdds
Differen on
Dif. Ref. Fil From Logger
Man. Dif. Ref:  Good
‘Mode: Operations
A T e a1 T T | :
T T T T T VT T TV TV T T UTU TRy m ﬁ's'::L an
[¥] BetaX [7] BetaY [7] Magnets [¥] Loss Monitors (\GS Cycle &% 349260
R N T e T R MR T S AT Acq. Time: 22:57:43 Feb 20 20
10:36:15 Apr 15: Scale factor changed to; 0.05 5 . Tl
10:36:30 Apr 15: Scale factor changed to: 0.08 ! -
| Next Acq. | Displayed |

LogView: log (archive) data viewer

AgsLossMonitor: Custom app example

BROOKHIVEN Kevin Brown

NATIONAL LABORATORY

6 Oct. 10 - 14, 2011

icalepcs 2011




g Jue Feb 16,04:35:15 - Tuse Feb A6 0%ASI0L oot i R
Window Markers Analysis | [ Ags Loss Monitor - Client 2 — =)=
File PPM Options Alarm Diagnostics Help
Windows (ms) 0 - 100 0 300 - 500 500 [600- 700 00 [1,100 - 1,300]1,300 - 1,500 k] Acquire Once -
-750 1458 - |-1476 -1469 -1,481 . .
00b: f 800 17 3 i 3% 39 7] | Acquire Continuously
= = | - = -~ = - Stap
A £00
P C— " — , 1t (! 1] O} Not Acquiring
i
‘ / i 1200} ] | | | b 4 {550 Windows to Display
w00dt ! { 0 - 100 |
| . Lo ol Lo L L 1]l B it {100 - 200
“w Schottky/Sap - X 1000 5200 - 300
04341200 04343200 04245500 04:47:00  Page PPM  Device Data Tools Buffer Help !. 300 - 400
400 - 500
sapMan Remote | 0 Plane 3 State i~ ===« | 1800 500 -
L 500 - 600
Measurement. tunet chromaticityM statsM Ao l600 - 700
blu.Horz.LFs io.27420327174 10.2828631973 0.00587213 0,01704850 [13 2...] Sat Nov 10 17:14:07 2 600 700 - 900 |
A blu.Vert.lFs |0.48792474825 —0.864642693711 0.00203434 0.00185718 [13 0...1 Sat Nov 10 17:14:10 2 ] o e A jo00 - 1100 ||
1.6 yel.Horz.LFs ° o 0 000 0 0 zero date 400 Display Cycle: [Cydel  |¥]
yel.Vert.LFs 0 o o o [00 0 0 zero date Gain: Low
200 No. of Cycles:
- — Display Sigmas: No
Measurement tuneM chromaticityM dpph dppsM statsn bcate Factor: | .08
blu,Horz,LFc 0,2 9. 712 0, 0,02477439 [13 2,..] Sat Nov 10 17:14:07 2 0 2 2
blu.Horz.LFe  0.27435085281 0.13191656002 Offset 100
blu.Vert.LFc  -0.0270749509 -6.64380305123 0,00201019 0,00098753 [13 0...] Sat Nov 10 17:14:10 2 -200 [Sewup File:
(| |blu.Vert.LFe  |-0.0342923644 ~0.892595641576 H | ) K L Data Source:  Saved
\ Data File: Sdds
yel.Horz.LFc o o o 0[0000O00 0 0zero date .
yel.Horz.LFc o L] Rl 2 .
yel.Vert.LFc ) o o 00000000 0zero date Dif. Ref. File:  From Logger
yel.Vert.LFc 0 o Man. Dif. Ref:  Good
1 | | Mode: Operations
i Span 80 kHz Blu Horz on RF Mux 500 - 5 Client Alarm
0w o o4sd5:00 470 | Center Freq. | 245.636157 MHz Blu Vert — on e | 500 L T e T e L "
RBU [ s Yel Horz OFF 1
Sueep Points 2 Yel Vert off | Jnets [#] Loss Monitors AGS Cycle # 34260
—e— blu.UCH.emittzenitth (Y1) wel W) ayerage Count | 1 - Acq. Time: 22:57:43 Feb 20 20
4 I [»]
filterDepth startFreq stopfreq harmonic  rfFrequencyt gammaTranistion tuneType
blu.Horz.LFs 25 245.596157 245.676157  3154.0 28.037207 22.7 o Next Acq. | Dispiayed |
blu.Vert.LFs 25 245.596157 245.676157  3154.0 28.037207 T o
yel.Horz . LFs 50 o o 0.0 o 22.7 o
yel.Vert.LFs 50 o [3 0.0 0 22.7 o
filterDepth startFreq stopFreq harmonic  rfFrequencyt gammaTranistion tuneType
blu.Horz.LFc 50 245.596157 245.676157 3154.0 28.037207 22.7 o
blu.Vert.LFc 50 245.596157 245.676157  3154.0 28.037207 22.7 o
yel.Horz.LFc 50 3 (] 0.0 ] 22.7 o
yel.Vert.LFc 50 ) o 0.0 o L o
[=] I}

H(23.2) H.schottky.

Nudge: 80000 ¥ 4|

n

Sat Nov 10 17:13:18 2007: Value sent for (23,2)

Sat Nov 1017

:27 2007: Value sent for (23,2)

‘pet”’ parameter Page
(contains ADO parameters)

I

7

BROOKHIAEN

NATIONAL LABORATORY

Kevin Brown

Oct. 10 - 14, 2011

icalepcs 2011




Window Markers Analysis

TR [nd. Ramp Designer

ol : 800 i X I ] n+Trim 'Hamp: IpplOO—BBruﬁ Config: db g/ 10341 Blue Sp :p Yellow Species: p
: A - Options | BstaStarSl@ea | DRBtomG | DipoleHarmonics | FamilyTF | WarmTF | polyField | specificTF |
180 —— — = = ! State I | | OFF | I _on | On | On |
i
| [ el 10 Biue | Yellow | DxAngles [StoneEdiml
iy l k 200 Dipuleﬂamp[ BetaStar ]_TuneChrom[ Lattice { Optics |_ MagCurr [ Strengths |_'lransFuncl BDL I_ShuntCurr[ ShuntVolt
"~ Schoitky/Sap
04:41:00 64243200 04245200 4700 Page PP Device Data Tools Buffer Stone: pp100-90rot::injection — Twiss | Orbit | Correctors|
Beta Function
sapMan _Remote il ¢ Plane 3 State | Tunes/Chroms — |
Measurement tuneM mromatl.cnm dppsh statsh Stone #
blu.Horz.LFs 10.2828631973 0.00587213 0.01704850 [13 2...1 Sat Nl Fine [sec] |
4 blu.Vert.lFs |0.48792474825 —0. 3711 0. o 18 [13 0...1 Sat N | 55.3786246763
Lo yel . Horz,LFs o ° 0 00000000 0zero ||| BetaGamma 25: 353915604
yel.Vert.LFs ° ° ° 00000000 0zero|| Brho [T-ml | 79.3667745
28,7958022522
29.6611995697
Measurement tuneM chromaticityM  dpph dppsM statsn ChromX 7.49999999989
blu,Horz,LFc 0.2 9. 712 0, 0,02477439 [13 2,..] Sat. N ChromY 1,50000000011
blu.Horz.LFe  0.27435085281 0.13191656002 ChromX2 24.40563185 1 ,
| |pLu.vert.LFe | -0.0270749509 -6.64380305123 0.00201019 0,00098753 [13 0...] sat. N ChromY2 64574624538 0 1000 2000 3000 4000
| |blu.vert.LFe  -0.0342923644 -0.592595641576 Chroms 1553 05507009 Scoord [n)
yel.Horz.LFc 0 ° o 00000000 0zero Chronvs |BEEZOTEA86006535 - porat
yel.Horz.LFc ) ) GammaT 22.7742399478 — et —— Betal
yel.Vert.LFc 0 o 0 00000000 0zero Dispersion Function
i yel.Vert.LFc o )
il H Span 80 KkHz Blu Horz on RF Mux %‘ _
04:41:00 04:43:00 04:45:00 04:47:00 | Center Freq. | 245.636157 MHz Blu Vert on Analyzer [ &
RBW 51 14 Yel Horz OFF § ¢
Sweep Points 8192 Yel Vert OFFf 3
—e— blu.WCH.emittzemittd (Y1) yel WCH, | fAverage Count ‘ 1 2
2 \l 1000 \j V sogou V 4000
filterDepth startFreq stopFreq harmonic  rfFrequencyt g4 _2 ) . . Smrﬂ [ml . H
blu.Horz.LFs 25 245.596157 245.676157  3154.0 28.037207
blu.Vert.LFs 25 245.596157 245.676157  3154.0 28.037207 —— Etat  —— EtaV
yel.Horz.LFs ‘ 50 o o 0.0 o —IP Parameters
yel.Vert.LFs Se ° o 0.0 ° Value/IP 1P6 1P8 1P10 IP12 P2 P4
BetaX [m] 8.2643416 8.27214073 8.60602151 8.59371051 8.31249279 8.45824212
e R o e o BetaY [m] 6.36296703 6.49805519 6.53113976 6.69383812 6.51930082 6.50235673
. S e e 24“""5 e N AlphaX 0.0780413118 | -0.0870497981 0.0822398853 -0.101243682 0.104173296|  -0.0645960323
B O ‘ 5] S SIS e e T TSY0) NG Alphay 0.0100791127 0.026598323 0.0397147206|  -0.00744030595 0.00267200362 -0.010764607
EtaX [m] ~0,256248425 ~0.,26816603 —0.276543088 ~0,254848693 —0.266233677 ~0,260454556
yel.Horz.LFc 50 ° o .0 0 EtaY [m] ° ° ° o o o
yel.Vert.LFc 50 o 0 0.0 0 EtaxX' 0.0382078999 —0.0385905315 0.0370576255 —0.0369819805 0.036194817 —0.0369587354
EtaY’ 3 o o 0 0 [
[=]
4 (23.2) li.schottky.
Infom -+ Getting the data...

Sat Nov 10 17:13:18 2007: Value sent for (23,2)
Sat Nov 10 17:13:27 2007: Value sent for (23,2)

Infoms -- Getting the optics Amctices...

o —

N
=1

-

(1

RHIC Ramp Designer:

Custom app

BROOKHIAEN

NATIONAL LABORATORY

Kevin Brown

Oct. 10 - 14, 2011

icalepcs 2011



Window Markers Analysis

PPM  Device Data Tools Buffer

2001
150 === —— — 1
|
1001 1
"W Schottky/Sap
0141200 04:43:00 04245200 od:47:00  Page
sapMan
Heasurement.
blu.Horz.LFs
1.1 blu.Vert.LFs
Lo yel .Horz.LFs
0.9 yel.Vert.LFs
087!
0,71 o Measurement
~ blu.Horz.LFc
051 blu.Horz.LFc
o ;|| |plu.Vert. . LFc
5 blu.Vert.LFc
0.4 X
yel .Horz.LFe
0.5 el .Horz, LFc
21 E E o yel.Vert.LFc
3 : yel .Vert.LFc
L Span
04341100 04143300 04345;00 04:47:00 Center Freq.
— RBW
(0] agslpm

Setup PPM Graphics Tables Mixed Strip

__Remote | 0 Plane

tuneh chromaticityfl dppsh
10.2828631973 0.00587213 0,01704850
10.48792474825 -0, 3711 0. ° 18
‘ © o o °
o o o o

tuneM cnrouaucuy! dpph dppsM
0.2 712 0. 0.02477439

0.27435085281 0.13191656002

~0.,0270749509 -6.64380305123 0.00201019 0,00098753
~0.0342923644 —0.892595641576

0 o o o
0 o
0 o o o
0 o
80 kHz Blu Horz 0n ~on |
| 245.636157 MHz Blu Vert
| si[iH Yel Horz OH'

PPM User: NSRL_prot_U2

graphs[tabllsl strip |

15000

10000

5000

12000

10000

8000

8 16 24 32 40 48 56 B4 72 80 88 8B
channel
-5000 2000 channel
——— ipmH.cookedProfilesh ——— ipnV.cookedProfilest
N
7
B
5
4
3
p 2
) 1000 2000 3000
time (msec) 11
o 1000 2000 3000
—— ipnH,enittancelorrectedi time (msec)
= ipn¥.enittanceCorrectedi
—— ipnH.enittancell
——  ipn¥,enittancell ——  iprH,gaussFitSigmal = ——— ipn¥,gaussFitSigmall

x
I v _ allx
File E'v Ramp Designer -0 etp
Help il
800 X I n+Trim Iﬂamp: IpploMBmﬁ Config: db g/ 10341 Blue Sp P Yellow Species: p
- Options | BetaStarSlopes | DR8toDRG 3 DipoleHarmonics | FamilyTF | MarmTF | polyField | specificTF |
State I on | on | OFF | on | on | on | on |
el 1l Biue | Yellow | DxAngles | StoneEditor|
200 DipoIeRamp[ BetaStar ]_TuneChrom[ Lattice { Optics |_ MagCurr [ Strengths [TrinsFuncl BDL I_ShuntCurr[ ShuntVolt
Stone: pp100-80rot::injection —i Twiss |_ Orbit | Correctors|
3 State |~ Tunes/Chroms———————————————————| Eeiuogion
statsh Stone #
[13/2...1 Sat N ]
Time [secl
[13 9...1 Sat N P —— |
[0000000 0zero ||| _PetaGanma |
[00000000zero||| Brho [T-m] |
Ox
statsn
Es3i2000 Sat N
[13 0...1 Sat. N o 1000 2000 3000 4000
Seoord [n]
[00000000zero — e Botak Betay
[00000000zero i 5
P Function
RF Max — Save to SXF h
Analyzer [ £
s 2
-0x g 2
g
Help | E 1000 V zwou V 4000 D]
_2 ) Smrﬂ Inl..... - : I
Acquire Once
q—l Etax Eta —
Continuous Acquire -
meters
/1P 1P6 | 1P8 IP10 1P12 1P2 | 1P4
SIESE IS IEEhAIES [m] 8.2643416 8.27214073 8.60602151 $8.59371051 8.31249279 8.45824212
[m] 6.36296703 6,49805519 6,53113976 6.69383812 6.51930082 6.50235873
- - ax 0.0780413118 —0.0870497981 0.0822398853 —0.101243682 0.104173296 —0.0645960323
ay 0.0100791127 0.026598323 0,0397147206 —0,00744030595 0,00267200362 —0,010764607
- - [m] -0,256248425 —-0.,26816603 —0,276543088 —0,254848693 —0,266233677 —0,260454556
_ i ] o o ° 0 o o
Lo i A L) 4 0.0382078999 —0.0385905315 0.0370576255 —0.,0369819805 0.036194817 -0.0369587354
i pes| sl N | : : - : : .
—Ver Profile Anal (Man)
|eting the dnta... J
B pea] sl R [0 e |

—Hor Corr Emit (Man)——

—Ver Corr Emit(Man)——

Fri Mar 30 14:25:20 2007
u
50@ ( 50.0 ms + 50.0n)
@ 9.0 ms

Agslpm: Custom Inst. app
data visualization

BROOKHIAEN

NATIONAL LABORATORY

Kevin Brown

Oct. 10 - 14, 2011

icalepcs 2011



Window

Markers Analysis

2001 1 800
A 600
. — = =3
1
\ 1 400
1001 1 i £ 1
; “w Schoitky/Sap
Odzd1200 04243100 0d2d5200 04:47:00 Page PPM Device Data Tools Buffer
saphan __Remote | 0 Plane 3 State
Heasurement. tuneh chromaticityM statsh
lu.Horz,LFs 10.2828631973 0.00587213 0,01704850 [13 2...] Sat N
14 blu,Vert.LFs |0,48792474825 -0, 3711 0. ° 18 [13 0...]1 Sat N
1.0 yel .Horz.LFs ‘ ) o o 0[00000000zero
yel.Vert.LFs ° ° o 00000000

I3 AgsModelViewer

Measurement

chromaticitytl dpph

9,

blu.Horz.LFc

712 0.
0

dppsH
0.,02477439 [13 2...1

File PH-

b Ramp Designer

IJ Iﬁamp: Ipploo—ﬂomﬁ Config: db g/ 341 Blue Sp P Yellow Species: p
Options | Bstastarslgpea | DRBtoDRG | DipoleHarmonics | FamilylF | I-larmTF | polyField | specificTF |
State I I I on | I —on 1| on |
Biue | Yellow | DxAngles [smneEdiml
DipoIeRamp[ BetaStar ]_TuneChrom[ Lattice { Optics |_ MagCurr [ Strengths [TransFum:l BDL I_ShuntCurr[ ShuntVolt
Stone: pp100-80rot::injection —i Twiss |_ Orbit | Correctors|
- TunesiChroms—— |~ BetaFunction
Stone #
Time [sec]
Gamma
BetaGamma
Brho [T-m]
Ox

S T
ChromX

ChromY

e
0.4 E
[ETYCR  Booster User: | [ AGS User: | 1 Blue Species: Vellow Species: ||
o ue Species: || ‘ellow Species: ||
o Boosler[ AGs |
) DlpoleRmnp[l 'LTuneChrom[ Lattice I Optics |
fL RereadData | GetTune Scan |
04341300 0434300 341 Tunes |Chroms| Beta | Gamma| Brho | Freq |
[m]
— Setup PPM Graphics 8.0 . L . : . L
el et I i i o
graphsllﬁbllsl strip ’ N " ”
=

15000

10000

5000

0
8 16 24 32 40
c
~5000
ipnH.ci
12
10
8
L} 2
4
2
) 1000
time
—— ipmH, eni

ipnll.emlr
ipnH, enittancer
ipn¥, enittancell

Tunes

100 200 300 400 500 500 700 800 900
Tine from AccRawp [sec]
—— Setlx —— Setly —e— x —e— ly —e— Ak ]
erterd is 03-30.23.50.50

A

A

0 1000

2000 3000 4000
Seoord [n]
[F42399478 — Betal ——— BetaV
—Dispersion Function

E

s 2

H

-4

H 1000 V zwou V 4000

_2 . Sm»u Il . ;
EtaX Eta¥
| 1P8 IP10 1P12 1P2 | 1P4
p643416 8.27214073 8.60602151 $8.59371051 8.31249279 8.45824212
p296703 6,49805519 6,53113976 6.69383812 6.51930082 6.50235873
p413118 —0.0870497981 0.0822398853 —0.101243682 0.104173296 —0.0645960323
pro1127 0.026598323 0,0397147206 —0,00744030595 0,00267200362 —0,010764607
(248425 —-0.,26816603 —0,276543088 —0,254848693 —0,266233677 —0,260454556
o o o 0o o
[po78999 —0.,0385905315 0.0370576255 —0.0369819805 0.036194817 —0.0369587354
o ]

N
S

-

u

[ —

—— ipH,gaussFitSignall  —— ipn¥,gaussFitSignatl I

and measurement data

AgsModelViewer: combines model

BROOKHIAEN

NATIONAL LABORATORY

Kevin Brown

10

Oct. 10 - 14, 2011

icalepcs 2011



Window Markers Analysis

File PH-

£ Ramp Designer

2001

1507

1001°

04241200 04:43:00 04245200

n+Trim Iﬂamp Ipploo—ﬂom:

Options

Config: dbconfig/ 1238510341

Blue Species: p

State Il

| Off

I _on | on |

| BstaStarSl@ea | DRBtomG | DipoleHarmonics | FamilyTF | WarnTF | pogfseld | specificTF |
I

I On |

Yellow Species: p

»
o
i
™

e AgsModaIvm‘nr

Get AGS

Boosler[ AGS |

1
| 1 Biue | Yellow | Dxangles j_sroneEdiml
| 200 DipuIeRamp[ BetaStar ]_TuneChrom[ Lattice { Optics |_ MagCurr [ Strengths |_ TransFuncl BDL I_ ShuntCurr [ ShuntVolt
“~ schattky/sap
w70 Page PPM Device Data Tools Buffer Stone:  pp100-0rot:iinjection Twiss | orbit | Correctors|
Beta Function
sapMan Remote | 0 Plane 3 State |~ Tunes/Chroms —————————|
Measurement tuneM mromatl.cnm statsM Stone #
Llu.Horz.LFs 10.2828631973 0.00587213 0.01704850 [13 2...] Sat NIl “Tioe [eec] |
blu.Vert.LFs |0.48792474825 -0.864642693711 0.00203434 0,00185718 [13 0...1 Sat N T Camnas |
yel.Horz.LFs 0 o 0 0000000 0 zero ||| PetaGamma |
yel.Vert.LFs o ° ° 0[000600 0 zero ||| _Brho [T-m] |

r Heasurement
blu.Horz.LFe

tunel chromaticitytl dpph dppsh

©0,27692642764 9,35881623712 0,00583295 0,02477439 [13 2...]

statsh

DipoleRamp | Longitudinal| TuneChrom |

Lattice | optics |

Re-read Data |

Get Tune Scan [

04341200 04:43:00 Odzd

Tunes [Chmms[ Beta LGammal Brho [ Freq |

o

1000 2000

Scoord [m]

= BetaX

= Beta¥

3000 4000

Ramp Edit Buffer Optics Stepsione Compare

RampEditor
Diagnostics

[=]

Setup PPM Graphics

gr.nphsl tables | strip

15000

10000

5000

8 16 24 32 40
c

=5000

ipnH.ci

0 1000
time

ipnH.eni|

100

300 400 500 800

Time from AccRamp [sec]

800

ipnll.emlr
ipnH . enitTancen

ipa¥,enittancel

—_—

iprH, gaussF itSignatt ipn¥, gaussF i tSignalt

Editing: pp80

Live Stone: pp83::injection

Ramp State: FirstStone

Optics Table [Stepsmne Editor]_ Compare!FIevertl

Blue | Yellow |

- Stepstone m X 5@ |~ | TuneX | TuneY |ChromX |ChromY | [
0.0 injection 25,379 29,7117 9.6 7.0 28,7602 29,7117 9.6 7.0
72 8.0 8 25.459 L7344 29.6228 7.2 7.0 28,7344 29,6228 7.2 7.0
| 3| 16.0 snapback  26.025| 28.7428 29.6279 7.9 T 28.7428  29.6279 7.9 o
L4 310 31 29,548 28.6801| 29.6486 8.4 -1.2 28.6801 29.6486 8.4 -1.2
5] 34.0 34 30,662 28.7248| 29.6434 8.8 -0.8 28.7248  29.6434 8.8 -0.8
me| 37.0 137 31,913 28,7319 29,6539 8.9 -0.4 28,7319 29,6539 8.9 -0.4
7| 43.9 gg63 35,318 28,7249 29,6574 10.3 2.1 28,7249 29.6574  10.3 #3
8 70.4 2898 65,041 28.7211| 29.6753 10.2 1.6 28.7211  29.6753  10.2 1.6
9] 73.8 gglo4 58.388| 28.7192] 29.6771 9.2 2.1 28.7192 29.6771 9.2 2.1
110 100.0 £100 87.716| 28.7117 | 29.6855 8.5 =5 28.7117  29.6855 8.5 25
[11 110,9  gg1?9  100,220) 28,7035 29,6764 8.9 2.4 28,7035 29,6764 8.9 2.4
(12| 130.0  gg219  122.331] 28.6966| 29.6730 9.0 2.6 28,6966 29,6730 9.0 2.6
(13 132.9  gg225  125.677| 28.6963| 29.6728 9.0 2.6 28,6963 29.6728 9.0 2.6
114 135.8  gg231  129.024] 28.6959| 29.6726 9.0 2.6 28.6959 29.6726 9.0 2.6
15/ 150.1  gg260  145.400] 28.6878| 29.6688 9.0 2.7 28.6878 29.6688 9.0 2.7
116 169.2  gg300 167,510/ 28.6691| 29,6596 9.0 3.1 28,6691 29,6596 9.0 =
(17 172.1  gg306  170.857| 28.6676 29.6588 9.0 3.1 28,6676 29,6588 9.0 34
(18 189.3  gg341  190.580| 28.6490| 29.6495 9.0 3.4 28.6490  29.6495 9.0 3.4
119 205.5  gg375  209.343] 28.6484| 29.6476 9.0 4.2 28.6484 29.6476 9.0 4.2
(20 208.4  gg381  212.690) 28.6487| 29.6475| 9.1 4.2 28,6487  29.6475 9.1 4.2
(21 211,4  gg387 216,036 28,6491| 29,6476 9.1 4.3 28,6491 29,6476 9.1 4.3
122 217.0 217 222,545/ 28,6506  29.6478 9.2 4.6 28,6506 29,6478 9.2 4.6
123 228.5 ggd22  235.759] 28.6557| 29.6507 9.3 4.7 28,6557 29.6507 9.3 4.7
(24 231.4 gg428  239.106] 28.6577| 29.6517 9.4 4.7 28.6577 29.6517 9.4 4.7
(25 248.4  gpd62  257.869] 28.6580| 29.6512 8.7 4.7 28,6580 29.6512 8.7 4.7
1 26| 270.0 flattop  266.336] 28.6576| 29.6495 7.4 4.8 28,6576 29,6495 7.4 4.8
127 280.0 fb-off  266.336] 28.6976| 29.6815 6.2 2.0 28.6976  29.6815 6.2 2.0
128 290.0 store  266.336] 28.7153| 29.7003 4.2 0.9 28,7153  29.7003 4.2 0.9
= ) ¥
Tune Nudge = 0.0005 ¥ | A |
ly loaded ramp pp30 (Feb 8 18:20:11) A
AgM M - At first (Feb 8 18:24:10) o
i
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Setup Signal Trigger Diagnostics

Scope List Signals Connected

Ch1: ‘ bxi.d5_tv_ps.i
mcrlecroy03

merlecroyod Ch2: ‘AXI.RF_D_GAP_V

mcrlecroy0s
mcrlecroy0é;

acnlecroyo1l

merlecroyol |
mcrlecroy02 ‘

Ch 3: ‘ bxi.c2_th_ps.i

acnlecroy02
acnlecroy03 Ehis: ‘
acnlecroyod

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

|- 1
‘ -2.300 V ofst

510 my

Trigger: 6
Status: ON

Start: | BT_ZERO.SU

Machine: Booster —
User: 4

All —

Cycle:

[ [ [ Delay Clocks

1
2 OFF
3 OFF

—_Hornet Runner Front Panel

INTENSITY

| TRIGGER

LRVEL e - STRIGY seTe
|4 s 3 AUTO  NORMAL  SINGLE
|

QY
| S

HORIZONTAL VERTICAL

DELAY OFFSET

- Y
‘\‘—l

()

[l CURSORS ZOOM & MATH CONTROL

ki
\‘—) POSITION \u}

[Timebase 0.0 fTrigger D0
\ 500msfdiv Normal — 0mv)
100k 20ksis [Edge  Negative

Remote
Windows based
Scope control
and display.

Slow Acquisition

Menu Selection: Setup -> Load Scope Setup...
Menu Selection: Signal -> Move, Copy, Exchange...
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What RHIC has Achieved?

 RHIC is the first machine capable of colliding ions as heavy as gold.

— RHIC has created a new state of hot, dense matter out of the quarks and
gluons, called a “perfect” liquid, because it can be explained by the
equations of hydrodynamics for a fluid with virtually no viscosity

— RHIC’s quark-gluon plasma exhibits other unusual properties

* symmetry-altering bubbles speculated to have played important roles in
the evolution of the infant universe

* the heaviest antimatter nucleus yet discovered
— RHIC Energy Range Appears to be a “Sweet Spot,” allowing exploration of
the onset of deconfinement and the search for the QCD critical point
 RHIC is the world's only machine capable of colliding beams of
polarized protons to investigate the 'missing' spin of the proton

— the spins of the proton's constituent quarks (and antiquarks), in some cases
accounts for only about 30% of its total spin

— RHIC spin experiments are providing the first information on how much the
spin of gluons contributes to the proton's spin

— measurements of the spin substructure of the proton may lead us beyond
our current, still rudimentary understanding of how quarks move inside
protons and other particles

BROOKHFIAVEN Kevin Brown 13 Oct. 10 - 14, 2011
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Three Stages of RHIC’s Future

Short-term (2011-2016): ongoing upgrades to RHIC .2, PHENIX &
STAR fuel well-defined program addressing key open questions, most
encoded in NP performance milestones for dense matter and spin

Medium-term (2017-2022): further upgrades selected from PHENIX,
STAR and collider Decadal Plans, as needed for quantitati_v)e_p)ursuit of
long-term questions outlined above for A+A, d(p)+A, and p+p
(including refinement/resolution of issues from short-term results)

Long-term (> 2022): eRHIC —add ~5 GeV (upgradable to 30 GeV)
electrg; Energy Recovery Linac inside RHIC tunnel to facilitate e+A,
_e>+_|ﬁ_)> (°*He) studies of gluon-dominated cold matter

BROOKHFIAVEN Kevin Brown 14 Oct. 10 - 14, 2011
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EBIS — Electron Beam lon Source

101
HEBT

&8 5
BEAM TRANSPORT LINE

BROOKHFIAVEN Kevin Brown 15 Oct. 10 - 14, 2011
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EBIS

 Replaces the Tandem Van de Graaff's as the source of heavy ions

« Allion species including noble gas ions (NSRL"), uranium (RHIC) and
polarized He? (eRHIC) (~ 1-2 x 10! charges/bunch with g ;s = 1-2 um)

« Operated reliably for NSRL with He*, He?*, Ne>*, Ne8*, Arll* Til8* Fe20+
e EXxpect to provide Au and U for RHIC in 2012
e For Controls (a modest project):.

— 5 Hz PPM Operation (Capability to switch ion species at 5 Hz)

— Standard hardware interfaces

— New applications for project specific controls

* NASA Space Radiation Laboratory

BROOKHFIAVEN Kevin Brown 16 Oct. 10 - 14, 2011
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Electron lenses — partial head-on beam-beam compensation

electron lens /O

IP10
JB*=10m

IP8 PHENIX

B#=0.5m
beam-beam
interaction

IP6 STAR
B#=0.5m
O, S

beam=beam interaction

IP2\
B*=l()mk

IP4
B#=10m

Solenoid GSB
Solenoid GS2

Solenoid GS1

Electron gun

Wolfram Fischer

Polarized proton luminosity limited by head-on beam-beam effect
(Abe,max ~0.02)

Basic idea:

In addition to 2(3) beam-beam collisions with positively charged
beam have another collision with a negatively charged beam with
the same amplitude dependence. :

Exact compensation for:

« short bunches

* Ay, , = kr between p-p and p-e collision
* no nonlinearities between p-p and p-e

» same amplitude dependent kick from p-p, p-e
* only approximate realization possible

Expect up to 2x more luminosity
with OPPIS upgrade
Commissioning planned for Run-13

Superconducting magnet n l

Solenoid CSB
Solenoid CS2

Solenoid CS1

GS1 mandfaglyring
> il industry

Electron collector /




Luminosity Increase with Stochastic Cooling

> 5 — 8 GHz bandwidth split up into
| 16 frequency bands with each
frequency having its own cavity kicker

Fberopticlinks 5 6 — 9 GHz bandwidth for longitudinal
stochastic cooling using microwave link

30
w/o with cooling
§ 4 .4“!’*’”
= 20 7 e ey
£ "2
£ |; . N
s g | B "~
Transverse S i ‘ \‘vﬂf"m ey W
kicker = 10|#V k”‘ y
£ -
Transverse b U "
: w iz - .y ‘n-.._ o -
pickups, FO |- o - P, |

Longitudink

kickers o b
b w 21:00 23:00 01:00 03:00
Time (Start Fill = 16024)

Transverse kickers

BROOKHIVEN Kevin Brown 18 Oct. 10 - 14, 2011

NATIONAL LABORATORY

icalepcs 2011



Feedback Systems

 In RHIC

— Tune/Coupling using Base Band Tune (BBQ)
measurement system

— Orbit Feedback using existing orbit system (>400 bpm
measurements) and correctors (through the controls
system at 1 Hz)

— Chromaticity feedback using BBQ measurement system

— Feedback system to correct ~10 Hz beam position
oscillations using turn by turn bpm’s and dedicated
corrector magnets (BPM data @ 10kHz for 36 signals)

e Other systems
— Injection dampers (injection coherence correction)

— AGS orbit feedforward for polarized protons (with near
Integer tune)

— Longitudinal quad mode damper (under development)

BROOKHFIAVEN Kevin Brown 19 Oct. 10 - 14, 2011
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Beam control improvement — feedbacks on ramp

. ‘ B lil N #l i+S M. Minty, A. Marusic et al.
if &m@ Simms, X.Voms = 20 um (1)
A R LY
- Bl 5 folenmpupdiie o Orbit feedback on every
Yloedn Yrms \ ramp allows for
‘ H‘ o Smallery,,, (smaller
-O ® 2 L5:51:00 15:52:00 15:53:00 15:54:00 15 'SIS‘DO 15:56:00 imperfeCtion EESREIEICS
51z 521 is3:00 asisa: ;552 :s6: sticnsth)
07 ‘ — _ au o Ramp reproducibility
’ : 4 Q ' (have 24 h orbit variation)
. ‘ \ T @ Tune/coupling feedback
4 - : | : | on every ramp allows for
§ P \ : A o acceleration near Q, =%
=~ : Qy / (better P transmission
. £ ' B 1
- 1 A0, = 0.006 - compared to higher tune)
0‘66 ;615:51:00 ‘IR:S;:(’II’I 15:573:00 15:5;:00 1s:sss:nn l I‘IS:SIﬁ:ll'lﬂl |
R. Michnoff et al
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Beam control improvement — feedbacks on ramp

A 1§
et tape] SN
\1’

ggnean < 1IS

Blue
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i

20 um (1)

M. Minty, A. Marusic et al.

o Orbit feedback on every
ramp allows for

o Smallery,,. (smaller
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eRHIC — Electron-lon Collider
Add electron accelerator to the existing $2B RHIC

m ‘T 70% polarized protons
100-250 (325*) GeV

Unpolarized and Light ions (d,Si,Cu)
80% polarized T —_— — Heavy ions (IAuIU)
leptons, 5-30 Ge 50-100 (130*) GeV/u

"/
f
Polarized light ions
‘T (He3) 167 (215*) GeV/u
Center of mass energy range: 30-175 GeV

Any polarization direction in lepton-hadrons collisions
protons

electrons —> i
— — e = > > > —> W
BROOKHIVEN Kevin Brown 22 Oct. 10 - 14, 2011

NATIONAL LABORATORY icalepcs Z[]H



Why an Electron-lon Collider?

* Precision imaging of the sea-quarks and gluons to determine the spin,
flavor and spatial structure of the nucleon

» Definitive study of the universal nature of strong gluon fields in nuclei.

» Improve our understanding of the strong force and the properties of gluons

k 04

quark and gluon spatial distribution of
o , quarks and 9“"0"5, in strong color fields
to the proton spin nucleons/nuclei in AA, pA, and eA
BROOKHFAEN Kevin Brown 23 Oct. 10 - 14, 2011
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23 icalepcs 2011



eRHIC: polarized electrons with E, < 30 GeV will collide with
either polarized protons with E, < 250* GeV or heavy ions E, < 100* GeV/u

0.60 GeV

detector
Ny
3,.
Q
& S
N 3.05 GeV
5.50 GeV %66)6
7.95 GeV %2
10.4 GeV
12.85 GeV
15.3 GeV
17.75 GeV
20.2 GeV
22.65 GeV 7o
25.1 GeV . — Small gap magnets
. e 5 mm gap

30.0 GeV 0.43 T @ 30 GeV
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Thank Youl!

Please see:

« MOMAUOO0Z2 Improving Data Retrieval Rates Using Remote Data Servers
presenter: Bart Frak

« MOPKNO021 Asynchronous Data Notification between Database Server
and Accelerator Control Systems presenter: Seth Nemesure

« WEPMUO15 The Machine Protection System for the R&D Energy
Recovery LINAC presenter: Jim Jamilkowski

« MOPMUQ27 Controls System Developments for the ERL Facility
presenter: Jim Jamilkowski

BROOKHFIAVEN Kevin Brown 25 Oct. 10 - 14, 2011

NATIONAL LABORATORY

icalepcs 2011



