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SPEAR3 Commissioning .

J. Safranek for the SPEAR3 commissioning team

O SPEAR built 1972 e+/e- collider at
Stanford/SLAC

0 1989 became dedicated light source
0 2003 — SPEAR3 installation

Y, Complete rebuild, maintaining geometry for 22—
photon beamlines '

16 I ) -
R AT
1 Al

% Low emittance optics, g, = 18 nm
% | =500 (100) mA

% 11 beamlines; 7 insertion devices

B (m)

I Lot b7 Al 1
0 2 4 6 8 10 12
AR Path Length (m)
Figure 3.3 SPEAR 3 cell optics.
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Commissioning milestones { =,

o 2003:
o 1 April, SPEAR2 removal begins

o 9 December, Transport line commissioning begins

O 10 December, First beam to SPEAR — b
O 15 December, First accumulation | 1
¢ AT gl

O 2004: \
O 22 January, 100 mA stored

O 8 March, First photons

-50
EFTAN O0 BN ST MONITTE
ey LIED sev  Terana Eaccry 006 sm

o 15 March, Start of operations

Corrents 1508 sd Lifetioe ATHW N
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Matlab Software Tools ¢

High Level Matlab Applications (Matlab)

A

Middle Layer (Matlab)

A 4 A 4 VL A 4

MCA AT Simulator

Channel Access AT Server

Matlab Toolboxes for Accelerator Simulation and Control:

e AT — Accelerator Simulation

 Middle Layer Software — Accelerator Control + Physics Functions
« MCA — Matlab to EPICS Library

e LOCO — Accelerator Calibration
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Electronic logbook

O Web-based, interactive
browser

Accepts graphics and text
Searchable
Backed up

Authors: Kay Rehlich,
Raimund Kammering, DESY

©c O O ©O

o Courtesy: Patrick Krejcik,
SLAC

3 SPEAR3 Logbook - Microsoft Internet Explorer
File Edit View Favorites Tools Help ‘
“Back » =+ ~ @ [ @ | @Search EFavorites TMedia & | B> S = 5

Address &) http #Hlzlselog.slac. stanford. edufspear3elogdsplindex jsp

Googler jl E:Search Web ~ SiSearch Site | §2 | T2f @~ | BdOptions - P

Status: Operation status
. SSRL News: BSPEAR3 Commissioning Program MNews systern

@rne | SPEAR3 Logbook 25. January 2004 :I
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E Ei 25.01.2004 23:33 Portmann Vertical Vacuum Chamber Scan
TR Bumps used for a vertical scan. I'm not sure why scaling the correctors produces
0124 8 an angle has you go to larger bumps. It looks more like a nonlinearities in the

01234 BPMs {pincushion, etc) then actual beam motion. If it was an optics nonlinearity

o12a || I would have expected more leakage.
021
0120 =
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3 2003
s E 5
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25.01.2004 20:44 Portmann Local Bump Vertical Hysteresis Loop
Zn accurate local bump at BPMy (7,6} and BPMy (8,1} was made using B8 correctors

with the matlab function:
setorbitbump ("BEMv'. [7 6:8 11, [.2:.21
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Diagnostics
O Bergoz DCCT, 1 pAin 1 second

O Bergoz on 54 BPMs
¢, 4 kHz update

o Stripline tune driver

o Coming soon:
% 112 BPMs

< Echotek digital receivers

K Turn-by-turn data
% X-Ray pinhole camera
%, UV synchrotron light monitor
% Scraper

! CAUTION CERAMIC FRAGILE !!!

Tune driver

=) =} =
a o 5 a
@ @©

N

@ ~

B am Current [mAmps]

100151

10014

Time [seconds]

RMS DCCT Jitter: 0.00095938 mA
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Tlms[ ds}

0. 5 second DCCT data
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s
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Orbit measurément:
20 nm in 0.5 second
~5 um at 4 kHz
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O BPM troubles —

% Fill-to-fill orbit not 1t
reproducible

% Fill pattern dependence
% Orbit dependence on RF z
phase c
P T

Q Solution: unlock IF
from RF frequency

_1 1 1 1 1 1 1 1
-200 -150 -100 -50 0 50 100 150 200

RF phase (degrees)
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Optlmlzmg f frequency
0.235 , . ! !
! W= RF frequency 476 3’15? MHzZ : l

023 oo

= QTS Sk= ’lDB 335, SD 183 TEQ

=
o
b
M

Horizontal Tune

0.215 ' - -
(=336, SF=118.33, SD=144 40
i ' ra '
- NS WU WO Jr=390 SF 121 335 SD=147.059
E E Startmg RF =476, 3164 vz
0.205 j i

| |
-2000  -1500 -1000 -5[][] D 5[][] 1000 1500 2000

RF Frequency Change [HZ]

Find rf frequency that centers average orbit in sextupoles.
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RF frequency 3kHz = +1.5 mm

RF frequency, 10
60 days > 30 TR EIHAIY S

o RF frequency included in | & \
orbit correction/feedback 0.5

o In March temperature up, 0 10 20 30 40 50 60 70
RF frequency down. days

Tunnel temperature | S

} |
oo - 0 - - 0 - D 0 - 0l - - D 0l - D
suoy 18—oAaw—2004 Z21-0d:-12 Thu 18-wman—2004 Z1-0d1-12

i

SPEAR3 Commissioning European Particle Accelerator Conference, July 8, 2004



- - ol
S

Closed orbit, steering magnets Jffw

ly| <2 mm, |x| <4 mm

- N T
E :15 A illl\ .ﬂv AN /\ / \I'. ilf\llll f/ \1 ||'| I'lIT 'Ai /\ ;
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BPMy [mm]

Beam-based alignment

—

Vertical BPM-Quadrupole Center Measurement for BPMy(2.,4)

---------------------------------------------------------------------------------------

I I
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Horizontal Difference [mm]

Vettical Difference [mm]

-0.05

-0.05

Beam-based alignment repeatabiléity-—

BPM Offset Comparison vs Time

]
g

0.05F

L}
T

—— 2004-02-13 - 2004-02-02 ({0.0159 mm RMS) (11 Days)
—— 2004-03-11 - 2004-02-02 {0.0217 mm RMS}) (38 Days)
e 2004-03-11 (dam- Tam) (0.0024 mm RMS) (3 Hours)

i
i
e

a0 100 150 200

0.1

0.05

-0.1

—— 2004-02-13- 2004-02-02 (0.0141 mm RMS)
—— 2004-03-11 - 2004-02-02 {0.0252 mm RMS) {38 Days)
—e 2004-03-11 (dam - Tam) (0.0021 mm RMS] (3 Hours)

{11 Days)
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-0.01 -

-002+-
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W
i

BPM Offset Compatison: 100 mAmps vs 20 mAmps (2004-03-11)

0.02
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| | |
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Orbit interlock

BPM Insertion BPM Chamber 02}

J_ | device I J_ R S—I-ot , |

= —
=
_—
- -
=
-
o=
-

V)

©
-— == ®
_____ —
=
N
>

-0.21

|y| +——x<1 |
ytrip y trip s

Orbit Before Beam Dump During User Run on March 18, 2004 at ~11:30 am
T T T T

1 [ I I I I | | I

— Horizontal
—_— erical L

Multiple Corrector Power Supply Failure

4 1

Bump IZl)ump Dut—‘-T to Orbit Ilnterlock

| | | | | |
0 0.005 0.01 0.015 002 _ 0.025 0.03 0.025 0.04 0.045 0.05
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SPEAR orbit stability .

o i

Q O r b | t Stab | | | ty S p ecCs.: Table 3.23 RMS source point beam dimensions and stability requirements
for SPEAR 3 (rms, 1% coupling).

% ~3-5 um vertical

Electron  Photon 10%
% ~16-40 um horizontal G, (um) | 160 160 16
. . « (urad) | 236 d: < marad
o Girder frequencies ~20 Hz 2 - s ek
%’, oy (um) |51 51 5
O Invar struts supporting BPM: & [Oy(urad) |11 136 14
] ] o, (um) |435 435 43
O Most synchrotron radiation 5 [0 (arad) |43 230 mrad | <mrad
hits H20-cooled masks £ oy um)_[30 30 3t
. e 2 |Oy (urad) (6 136 14
o Tight power supply stability S Toram |5 FET T
specs. § o, (urad) |43 23 2
- s [o,m) |30 30 3f
O Bergoz BPM electronics Ao ~ -

%, Low current dependence

t. This requirement can be relaxed to 5 pm due to 50 pm mini-
mum vertical spot size achieved from present focusing mirrors.

% Low fill pattern dependence

o Alignment < 150 um
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0.015F

* AX e = 3.4 pm 001
0.005f

° AXpeak = 7 um . 0055 |
-0.01
-0.015}

BPMx [mm]
o

0.02

F AYims = 30 um 0.01

* AYpear = 18 pm g 0
2

% 0.01

-0.02
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X(84mA)-x(1mA), BPM intensity dependencén

476 MHz rf noise on 2 BPMs

* AX ;e = 69 pm
¢ AXpeqe = 190 pm
£
=
° Ayrms =84 um 02r
° Aypeak — 310 um _ 0.1-ﬁ
E
0.2-—
03l

July 8, 2004

European Particle Accelerator Conference,
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BPM fill pattern dependence
X(16mA, single bunch)-x(16mA, multlbunch)

° AX — 18 um 0.15: ................... T
* AXon = 70 pm =
peak U E :
< 005
s B
o i
o [
0_
0.05"
0
— 0.1
b Ayrms - 18 Hm
— 0.05F
° Aypeak =60 pm E i
> 0
& ;
o i
-0.05[
0.1 [ Lo Loe v [ BB e p ooy
0 50 100 150 200
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, BPVx(7 6) POWER SPECTRUM (4000 points) . BPMy(7 6) POWER SPECTRUM (4000 points)
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BPMy(8,4) POWER SPECTRUM (4000 points)
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Fast orbit feedback

West Pit {(guadrants 1 & 4)
27 45
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| East Pit (quadrants 2 & 3)
1
1
)
1
1
I

MUX'd Button | 1OC f TS oy e Bution |
)
1
1
|
j
1
1
)
1
|

BFM BFM
BFM 46 2 0

27-BPM

o Digital feedback

18-BPM
MUXd Button | 19C =2 Parallel Button

I

|

|

|

|

|

|

|

|
Pracessing {PPC) Sync Processing I Processing {PPC) Sync Processing
|
|
|
I
|
|
|
.

I S N |

E E
] E - - ] - L
O I n C I u d eS el eCt r O n anakg IF detect | £ § E . 8 ?Eﬁ!rﬁﬂif:l analog IF detact | 2 H e Z ?'.g,:ﬁ?,l,.":mc,'ﬁﬁt
ADCs 5 2 |s E R ekmad oty ADCs B = s_ i 5 olomad Cabit)
and photon BPMs LL OIS T 1L TUTHE]
] ne w ne n
z 5 =
AkHzsynE W - :f— M -
0 4 kHz cycle rate b Y /
L] \,
-
"\ \ Trew =1.28 MHz
200 Hz bandwidth S L
—~
O Z an WI t E 1 - frav LO IF Clk
Central BPM/ E.-1221 Ea oul out ot
Orbit Feedback oo |2 oLy S =
Station =) E_C) = EL E —= RSF.-'CIDGk
i ig Gen
Bldg. 117 % o i %ﬁ a
EFICS phaoton _ T
natwork ) BPMs T = 476.300 MHz
) N Inject
trig
4 kHz ¢ T-stamp A
r 4 WMCOR omm 7
r AL EFICE rabwark N
hd = ho{ = i = b4 & E
4 é & Heorrs "--lg 8 Hoorrs 45 | 6 Hoorrs 4 S5 | 8 Veors o | 8 Veoorrs
=N O e - = - = o
= - = M E| =rare =sEl . =
:'l g S Hcoms \:—:é 8 Heorrs :: é nr::;;rc_ :: é B \eorrs é 8 Veorrs
b B ] 1z 1z 3
8 8 Veorrs S 'E 8 Veorrs 8 & Veorrs bﬁ 8 Veoorrs S A Veoms
Corractor Power Supplies - Bldg. 118 rew. 12/17/02

SPEAR3 Commissioning European Particle Accelerator Conference, July 8, 2004



LOCO optics analysis code (=
o Calibrate/control optics using orbit response matrix

O Determined quadrupole gradients

% B functions, n
% Found .017 v, error from excess dipole focusing

o Corrected coupling
O Calibrated BPM gains, steering magnets
O Measured local chromat|C|ty and transverse impedance

) LOCO: S:\Private\XRa; y\LOCD\M r24_03\set2\fixedP\xraylocooutput.mat -10| x|

F\ Inputs Expr‘(twn-:p Help

2 /DOF = 21911020395
HCdetiasle oo (vy=0,29781 Model-Measured+EnergyShifts Response Matrix

35

o
f=1

~ l— New MATLARB version of code
| e rewritten from FORTRAN

ey
o

b
o
Error [mm]

o
& =1
&

Vertical Beta Function [meters]

* linked to control system

(=3

o

e linked to AT simulator

0 s s
0 50 100 150 200 HCM# and VCM# HBPM# and VBPM#
BPM Position [meters] Sk
Plot
St Brom m Selecta Plot Type terafion # Selecta Plot Type G P tnn
|Eeta Function: Verical _v_J|1lJ _VJ |Response Matrix Plots (r-click for more opt) _:] . O r an n

# of terations !
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Linear optics calibration method—

The orbit response matrix is defined as

v O,
The parameters in a computer model of a §torage ring are varied to minimize the
1~ deviation between the model and measured orbit response matrices (M, and

1 1 4 meas A ¢ model\2
M me:\s)' (;t[ ij - ;L[ ij )

ZZZZ 2 EZEJ’?
I,j

. Py
. i =1, ]
The o; are the measured noise levels for the BPMs; E is the error vector.

The 7 minimization is achieved by iteratively solving the linear equation

-
. C .
E};E'“ :Ek-l— & AA; =()

. K .
AN
-
OF R
_Ek = k A]\I
@Ax

For the changes in the model parameters, &, that minimize || E||*=4°.
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ID focusing correction
After
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Position Imetersi]

-} Figure No. 2 i B =] E31| ; Figure No. 1 R -|O] x|
File Edit View Insert Tools Window Help File Edit View Insert Tools Window Help
De@a xAr/ 2ppo Dzda xA A/ 2o
LOCO Parameter Fits Model Beta Function (vy=5.2513)
2 T T T T T T 22 T T T T
w
& 20+ .
g 18} .
0 =
= g 16 | g
@ =
5 o 147 1
E c
o> LE 12 g
® & 10 |
= Q
O m 8 j
S o ! :
5 4 ]
= 2
20 25 30 3B 40 45 0 50 100 150 200 250
QDs Position [meters]
) Figure No_3 ol x] _olx]
File Edit Wiew Insert Tools Window Help File Edit View Insert Tools Window Help
DEsd&a/ x»A 2/ 2o DEeEd&a A A/ | BpD
LOCO Parameter Fits Model Beta Function (vy=b.2296)
2 T T T T T T 20 T T T T
»
15 - @ e I
[15]
161 .
2 1 %
S - s I
T | ©
E C 12 il A
> 0 1 5
10r :
S s
= 4 i "
8 05 ot 84
B 1 ® 6 :
S WU
15 ' o l
5 10 15 20 25 30 35 40 45 20 50 100 150 200 250

SPEAR3 Commissioning

European Particle Accelerator Conference, July 8, 2004




Coupling & n, correction, LOCO

Minimize n, and off-diagonal

/.,

response matrix: Lifetime, 19 mA, single bunch

||ew Insert  Tools Window Help - = 45 hour [h] [ . /CorrECtlon Off

IhzWda& x A2/ ®p0 \
Measured Response Matrix | \

Lifetime

Coupling — |/

correctlon OI"I
1-5 ho urS e 00 15 0o: 20 JI 00:=25 ; 00530

Wed 14-JAN-Z004 00:10:09 HIGH ResWed 14-JAN-Z004 00:31:09
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Measured dispersion .7

Dispersion Function
0.6 ! ‘

o
I
T
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| | |
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Nonlinear &:

(v, V) vs. f;agrees
with model.

“B45117x (A2 + 042042 x difif +0.19014
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Chromaticity

Local chromaticity calibrated with LOCO
shows no sextupole errors:
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Dynamic aperture vs. Aplp =

A
20N

o Dynamic aperture measured with single injection kicker for varying rf
frequency.

Q Xg(Ap/p) for different straight sections. (From model.)

O RF acceptance

IDs open IDs closed
25— ‘ | | |

‘ 71
—— dynamic aperture
—— RF aperture
% (aplp)

£ —— dynamic aperture
= —— RF aperture
o %, (aplp)

4 3 2 1 0 1 2 3 4
Ap/p (%)

Ap/p (%)

IDs open IDs closed
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Dynamic energy aperture, 2 {  =f

|0 gaps closed
e I —e—r_na&isu_mdcﬂta
. . 18 lingar fit .
O Lifetime vs. V,,, If
QO 8 mA, single bunch 5 -
% Touschek regime 7 | \
%, 1118 ~ rf acceptance £ Energy
" osf aperture
06
04 §
DD EI.E;DE D.IIEH 0.615 D.IIEIE D.E;BE
Aplp

rf acceptance

003
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Dynamic aperture vs. tune

O Resonant lines:
S vy —v, =9
% 3v, +v, =48
% 4v, + v, =62
O Resonances offset

from tune shift with
amplitude.

o * =operating tunes

(14.19, 5.23)
o Data gathered

automatically on owl
shift.

Maximum K3 amplitude [kY] versus tune (raw data)
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Lifetime vs. tunes

O Resonant line;

S vy —v, =9

Q™ = operating tunes
(14.19, 5.23)
o Data gathered

automatically on
owl shift.

1/(z*1) versus tune (raw data)

R:{Controls/matiabfShiftsfsafranekf2004-02-14/scantunedata-N0-23-36 mat
535 s \ N , ~ A\ 12
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/ 09
e
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5.15 sl ¥ ¢ s | 07
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_

Aperture :
scans E o |
=i |
otvsyinsmallgap ID - :

% Poor man’s scraper BEDPM weB w

O Determine minimum .
gap for future IDs
% 12 mm — 8 mm
% Smaller still for reduced B,

o Complications

% Vacuum degrades with
beam bump

% Coupling, n, degrades with
beam bump 3% %4
Real Position at EPMy(7,8) [mm]

% Need scraper y (mm)

Lifetime [Hours]

T (hours)
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Low emittance optics test ¢ =&
on=10cmin IDs
Qg 18nm—12 nm
O Good lifetime, injection

O Reserved for later upgrade

LOCO fit m: nominal optics low emittance optics
) FigureNo.2 WY Figure No. 1 ~lo]x|
File Edit View Insert Tools Window Help File Edit View Inset Tools Window Help
Deda xA 2/ 220 D&/ xA 2/ 22D
"Dispersion” Function (54 BPMs) "Dispersion” Function (54 BFMSs)
0+ = B o : of
=i, = & Fl A
= 01 e
_§, 02 __§, 02
5 5
== & 031
— LR
@ 5]
o 041 o 04t
0 0
a 05 (1 -05
06 08
10 20 30 40 50 10 20 30 40 50
Horizontal BPM Number Horizontal BPM Number
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Low B, optics |

pliN g

O Reduced B, in long straight
% For future ID, small gap
% B,:10m 2m

16F

xmimy

o Good dynamic aperture

a i i i i i i
005 DM 003 002 O ] 001 DE2 DD DO4 005

Aplp
LOCO fit: B, =10 m =2m
By By
 FigureNo.2 Sl=lEdl-) Figure No. 1 =lolx]
File Edit “iew Insert Tools “Window Help File Edit WView Inset Tools Window Help
IDEagas|(na 2zl @200 loDzga|(xa /| 220

Model Beta Function (vy=5.2389)

‘T

Model Beta Function (vy=5.2439)

T A

= Sl iy
£ iy 3]
T T

Vertical Beta Function [meters]
Vertical Beta Function [meters]

] £ Hi=g L] Loe]
T T T T

a0 100 110 120 130 140 a0 100 110 120 130 140
Position [meters] FPosition [meters]
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Momentum compaction measurement*
lingar fit is f':: 45.7462°V  + -16.8233
| Rl ot F;‘?E45.?4*;”+-15.5233 2

WV MY
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SPEAR3: Longitudinal Dynamics

Sextupoles on | Sextupoles of f
g =1.19 E-3

0 =-2.1E-3 |0, =37.4E-3

2
Heriepnie

i l =—0.(J158
o noRa | a
am | T 1 — _0-03 17
,
4D tracking using AT
5 gt LEI ]_ . . .
srucunatron Nonlinear Beam Dynamics January 9, 2004 SSRL L. Nadolski 63
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o, measurement 0

Q |a,|, sextupoles off >> |a,|, sextupoles on

O Energy aperture much reduced with sexupoles off

11 ' . 20><‘10'3
10.5 h} _____________ I II ....... I . 0%0%
1 gt = C
of |
Sextupoles on l' Sextupoles off
'_|9,5— ** 10}
E | Sextupoles off 0.5
xh + 5|
‘-I—w +
= Sextupoles on
: of |
8 + 3
"%0 15 10 B 0 5 10 15 20 EE 10 5 0 5 10 15
Afge (kH2) Afge (kHZ)
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Impedance, instabilities

O 25 mA single bunch limit (§,, = 1)

O Multibunch v, oscillations
% lon driven

% Decreasing as vacuum improves
O v, oscillations driven by 360 Hz harmonics
Q 200 mA tests ongoing

O Transverse impedance measurements
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Transverse impedance measurement*

e o

Vertical Tune Depandance On Current Vertical Phase Advance Differznce for 2 mA and 10 mA;alng Iz bunck

52305 ]
{
s23f Global impedance - sl Local impedance
| (fit with LOCO)
L2285 \‘ I'I\'nu
-0.01 —IulI .
r||I
B.229 = \/
5 00151 =
=7
= 52285} 3
=T
E
o 002 E
5228 =
0025 -
22275 /\
5227 -0.03F L/\ | x
|I J
52265 ! -0.035 : ; :
4 B & 10 0 10 20 a0 40
I (mA) yr[‘l O mA)

*see V. Sajaev, PACO03.
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Lifetime (at 90 mA) vs. Integrated Current

30.00

25.00 | : {.‘“'

2000 :“‘*
[ . *?o
= ot
Y 1500 s
£ O
- ﬁ ov
L
[T
*5 10.00 - Mo
v"'
s
5.00 RS
[ ]
20.00 40.00 60.00 80.00 100.00

Integrated Current (A*hrs)
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