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Size of the ground: 250m *450m
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of ALBA:

We followed
the concept
of the SLS to
have the
booster and
the storage
ring in the
same tunnel.
The preinjector
is a 100 MeV
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Linac i & 3 GeV
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The lattice is a TME-structure
The ALBA synchrotron should have the smallest emittan ce in the world
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Design working point: Q, = 12.42, Q, = 7.38, emittance € = 9 nmrad
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Booster Arc

Injeéfion Extracﬁ_on
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[ ] 4 long straights with a length of 7.8 m Circumf.= 268.8 m
B |12 medium straights with a length of 4.3 m 4 fold symmetry
B |3 short straights with a length of 2.3 m Ul = A ULTIEe
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Beam-Direction

Qd-01 Qf-02 Qf-04 Qf-06

dil

SF-01 SD-01 SD-02 SF-02 SD-03 SD-04 SF-03

There are: 8 foc. and 3 def. families of quadrupoles
4 foc. and 5 def. families of sextupoles

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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New developments:

~__ - Normal conducting HOM
.~ damped cavities.

e

- Watrax, transition from WG
. to Coaxial

1501/s

T A (B A ¢ T\ - CaCo, cavity combiner of
| N | ik 2x80 kW I10Ts

L 1
150 I/s B00 I/'s 150 I/s

NG
B
\ LY

||\ - Digital LLRF

Check posters today:

R\ 271 | MOPC045
RF Voltage: 3600 kV, beam current: 400 mA, losses: 1.3 MeV/turn,
beam power: 520 kW

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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New developments:

- Normal conducting HOM

~ damped cavities.

e,

- Watrax, transition from WG

. to Coaxial

- CaCo, cavity combiner of
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RF Voltage: 3600 kV, beam
beam power: 520 kW

Dieter Einfeld, CELLS-ALBA

current: 400 mA, losses:

1.3 MeV/turn,

IPAC-2011, 5th S eptember 2011
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BM source
F E34 Diagnostic: X-ray pinhole
: BM source
FEO]— Diagnostic: Visible Light Mirror

s |FEO2 vu source (not installed)

FE29

EU71 source
3.3kW tot. power|f & o7
7.5kW/mrad’ f £

SCWa31 source
F EO4 20kW total power
48kW/mrad’

; 17 1D beam ports (,3;%)
17 BM beam ports
BL24 )
(CIRCE) %? A
- Phase!l W |/h ¥ _

EUG2 source

2.7KW tot. power 7 Beamlines (6 ID + 1 BM)

7-3kWimrad 2 Diagnostic FEs FEO9

BL22 1 test FE (for future beamline) BM source
(CL/ESS) 0.1kW total power
0.25kW/mrad’
BLO9
FE13 e (MISTRAL)
FE22 IVU21 source
MPW80 source gg\évv\;?;]zarlalpégwer o F Ell
7KW total power , £2eF  |IVU21 source
8kW/mrad’ % : 20 | 3KW total power
?\ - bote 26kW/mrad®
' § S L7 BL11
A& LY (NCD)
BL13

(XALOC
Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Unit cell
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rad% ring arc

Straight section
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All parameters are within specifications
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Summary: Some specifications of the Linac are much better as given by the
specifications ( for example the emittance is by a factor 1.5 smaller).
The Linac operation is very reliable for the differe nt modes: long bunch,
small bunch, single bunch, large charge (4 nC), sma Il charge (0.5 nC),
etc.

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Good agreement with the model
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Good agreement with the model

Res oning IPAC-2011, 5th S eptember 2011 20
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12 12.1 122 12.3 124 12.5 a n 40 0 20 1M 120 140 150

 First beam to 3 GeV: injection on w.p. (12.42, 7.38)
 Large drop of Qx at the start due to nonlinear magnet calibration
« Vertical tune is flat: most of the vertical focusing is provided by the gradient bending

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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110 MeV 130 MeV 360 MeV

2.5 GeV 2.8 GeV 3.0 GeV

orbit corrected to * 3 mm along the ramp
Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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1st extracted Beam from the Booster Synchrotron, 28  t of October 2010
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o(x) =0.86 mm, o(y) =0.19 mm
€(x) = 13 nmrad, €(y) = 2,6 nmrad

We are 30 % off to the theoretical emittance and
have a coupling factor of roughly 20%.

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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» Recabling Quads:

v" Sectors 1&2

v Quadrant 1 On axis injection

v" Quadrant 2

19h35: 1st turn!

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Orbit Response Matrix

~SR-DCCT.

Lifetime

L0154

urrent (|

C

e 0.1

Bea

0.05

Synchrotron light
& at pin hole camera

100 50 CM Numl
14-har-2011 10:30:42

,7\ Il /T, A w%\#;\/ Y VAN A
| \ \r/ vy u T\ \ \{ Yé ¥ J ;/
Energy = (18- 8)
\glnteger— (18,8)
200 CEw) L
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Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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16th of March 2011;
a historical day of the ALBA — project:
the first accumulated beam at ALBA.

Beam within the storage ring \ﬂfr_—______ e o
I|II T ]
] o AT rl,uf'v'ﬁm*.-'ull
memwf‘u'-.ﬂ.-"‘L,,.r- "L-J'..-L-"—-‘"-"I'J U ,.r-.".,r-ﬂu't-'h"JI A \ =

Beam within the booster

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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16th of March 2011:
A historical day of the ALB/
The Accelerator | ating this succes

Dieter Einfeld, CELLS-ALBA IPAC-2011 5-'th S eptember 2011
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First measurements of beta function with LOCO:
there is a asymmetry in the machine

B-function {Tune = 18,150/ 8.350)

ol

R e T S T S B T e T T B B S S e L T S g A Tt e T T B I i e L —

B, [meters]

ﬁﬁf [meters]

i :
(] a0 100 150 oo col
FPoszition [meters]

Result: QF1 and QD1 in sector 8 are swapped

Dieter Einfeld, CElld-8{8BA 13 - GAATN641ING1IB St ptdmalben 2011
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Beta functions reconstructed by LOCO after recablin g QF1 and QD1
B-function (Tune = 18.176 f 8.335)

=" s 5 U ’ ’

b, (meters]

b [meters]

f

U I !
a0 100 150 200
Position [meters]

Result: It looks much better, but there is still an asymmetry in the machine (vertical)

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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CURRENT 100.299 mA

= ' I T Ve Curr*LifeT
Filling Mode Avg. Pressure (mbar)

Apr-2011  18:25:28

CURRENT

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Wiew Insert Tools Desktop Window Help o
SRRV ODEL- S| 0E|aD
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0215 =
|:|21 | | | | | | | | |
-0.25 -0z -0.15 -0.1 -0.05 1] 0.03 0.1 013 0.z 025
komentum Shift, dpdp [%]
-9.6624 (dp.-"pjg + 2.0966 dpip + 0.33823
0.35 | | | | | | | | |
0.345 §(y) — 2 l =
0.34 - . =
0335 s =
033 L L L L L L L L L
-0.25 -0z -0.15 -0.1 -0.05 1] 0.03 0.1 013 0.z 025

komentum Shift, dpdp [%]
O1-Jurr 2011 13:49:41

Normally working with (+2 , +2)

IPAC-2011, 5th S eptember 2011
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BBA : Results
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BPM-Position (m)

Horizontal offsets:
+1.0 mm to-1.1 mm

Dieter Einfeld, CELLS-ALBA

Vertical offsets:
+0.9 mMmto -1.1 mm

IPAC-2011, 5th S eptember 2011
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Raw orbit without correctors

Offsets of BBA included and RF frequency adjusted

Storage Ring Orhit (Difference from the Offset Orbit)
I I

Horizontal [mm]

4 | | | | |
0 50 100 150 200 250

Horizontal orbit < 3mm ‘ |

Vertical orbit <2 mm Good alignment |

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Raw orbit with correctors
Storage Ring Orbit (Difference from the Offset Orbit)

0.15 | T T T T
Long straight sections
01 — — _ 7
0.05
T |
E AN ' AL ) U A/ |
; "’P‘{\ \' ‘ f“\ \‘\' ' (7aze) AN
8 0.0 ’
=]
T
011 — = L
0.7 | | | | |
0 al 100 150 200 £al
Horizontal rms error Vertical rms error
32 um 20 um to reference orbit

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Normally working with chromaticity: +2 , +2

Dieter Einfeld, CELLS-ALBA

IPAC-2011, 5th S eptember 2011
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« 7 or 8 BPM/cell (120 BPMs): orbit control and interlock system

* Low-loss phase matched (<10deg) RF cables of wide variety of
lengths [15m - 45m]

Example: raw position meas during 40min @20mA

h
—_
n

1 1 1 1 1 615

= — A ms = 29093 um =
3 B10F = 610
= =
= =
T 605} B 605
0 ol

6 q % . .| .| .| .| .| .| .| .| .| .| : 6 D D

20124012350 14:00 14101420 1430 14:40 1450 15900 15:10 1520

50 T T T T T T 50
= Yrms = 22684 um =
S 5
E A0+ E 40

%3:30 1240 1350 1400 1410 14:20 1420 14:40 1450 15:00 1510 15:20 35[] 1['][] Q[jg

time [hh:mm] Counts [#]

110 Minutes
Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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K | | | |
] R YOO Y SO S AL RSO S | Horizontal Dispersion:
g the deviations to the
: | | | B A S | G | F l model are +/- 5 mm.
R AW 8 A | T4 S S 1 A 4 1 A A 1 This is a good
agreement.
(00 | L1 R OB RS0 (A 08 MO0 L TN 98 A3 08 YL NAAM USROS R0 (08 OR300 0 JOAR et B9 € .
I

0.5 | | | | |

0 all 100 140 200 Zal
BPMx Pasition [meters)

002 . . . . . Vertical Dispersion:
_ j § § ; ; +/- 15 mm the vertical
g OO SR R e S | e i1 | dispersion is given
- | ; | 5 g by the cross talk of
R AR A W e VTR 1 | the BPM’s. With the
: " § § § § § introduction to LOCO,
g 5 5 5 | g it could be decreased

o0 | | | | | to 1 mm

0 all 100 140 200 Zal

BPMy Position [meters]

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Eeta Beat (v, (B)=18.2401, v, (0)=18.2385)

1.025
[ Long straight sections |
1.02F 1
1.015F I ﬁ | n i J
1.01 H
1.005

-

Horizontal Beta(8)/Beta(l)

|
= Wl

The maximum differences
after the LOCO fitting are
+/- 2%

0985 : 1 S i v i r\j
D-SED EID 1Eégh-1 Fosition }réngters] 260 ZéD Eeta Beat (‘-?5,.(5)=3-3?42, UFI:D:I=8.3??4:I
o | | Llong straight Sections | ' '
o I e
In the vertical direction g
there are 32 peaks and g 1
we have 32 bendings I |
' |
-4 ) i | |
ool || || ERR

Dieter Einfeld, CELLS-ALBA

BFIr Fosition [meters
IPAC-2011, 5th S eptember 2011
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e03
E 02 |
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Injection efficiency ~ 95%

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Quite ok with model:
Emittance = 4.5 nmrad
Coupling =0.4 %

Dieter Einfeld, CELLS-ALBA

Emittance X = 6.07 nmrad
Emittance Y = 0.03 nmrad
Coupling = 0.5%
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Closing Insertion Device

Accelerator
Division

Three insertion devices have been installed and closed:

» EUG2
> EU71

> MPW80
Without much influence in the machine:

MPW80 - BL22 Gap (mm) tunes RMS Orbit Distortion (um) tunes change (10--3)
OPEN 275 0.229, 0.375 0,0

1/2 CLOSED 50 11 , 57

CLOSED 12.7 0.229, 0.377 13, 9 0,2

OPEN 275 0.229, 0.376 14 , 14 0,1

|[EUT1 - BL29 | Gap (mm) | Phase (um) | tunes | RMS Orbit (um) | tunes change (10*-3)
|OPEN | 273 | 0 | 0.229,0.376 | 0.0 |
IHORIZOMTAL (03 | 158 | 0 | 0.230,0376 | 15, 14 | +1.0
ICIRCULAR (pi2) | 155 | 21181 | 0.228,0.377 | 15, 14 | -1, +
IVERTICAL (pi) | 155 | 35640 | 02280377 | 16, 15 | 1, +1
ICIRCULAR (-pi/2) | 155 |  -21181 | 02280377 | 15,15 | -1, +1
IVERTICAL (-pi) | 188 | -38680 | 0.228,0377 | 16,15 | 1, +1
|OPEN | 2713 | 0 | 0.229,0376 | 15, 16 | 0.0

Dieter Einfeld, CELLS-ALBA
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+ Visible Radiation from a dipole is
extracted using a mirror

*Mirror position (in-vacuum)
controlled with thermocouples

Example: Bunch Length Measurement

Bunch length vs. RF voltage

70
65

60

55

== Fxperimental

S0 @ Calculated

45

40

Bunch length sigma (ps)

35

30

25
1050 1100 1150 1200 1250 1300 1350

Effective RF voltage (kV)
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_ TR TN
i 7t ofJune: 170.mA atAGBAY | Ao

¥ | cURRENT 170.010 mA |

- , _ , Curr*LifeT -—-F
BECRNLT-M Oh 09m (g.
Filling Mode m Avg. Pressure (mbar) OWI s

CURRENT

SR Commisioning. Max Current 1

The commissioning could

only be done with 3to 4

cavities with a maximum
current of 200 mA

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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Pressure Profile

Gauge number

Average pressure without beam = (aati
4-101° mbar.

With 4.5 A.h. dose, the average
pressure was 3.2-10 ° mbar with 80 mA
of beam current (multi-bunch filling
mode).

Vacuum Clean-up rate estimated 0.68.

a[e3s aunssalg

1E-9

1E-10

n PSD yield (molec/ph)
m

normalised Average pressure {mbar/mA)

1E-11 1E20 1E21 1E22 1E23 1E24

0.01 0.1 1 Integrated photon dose (ph/m)

Accumulated beam dose (A.h)

Average pressure normalized to Photon-stimulated desorption

current vs. beam dose yield (PSD) vs. beam dose.
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» Tune
» Chromaticity
» Beam Based Alignment
» Orbit correction, including frequency adjustment
» LOCO measurements:
Beta functions, dispersion and beating correction
» Beam size, emittance
» Bunch length
» Vacuum performance
» Closing IDs
» Slow orbit correction system

(Most of these measurements were done with 10~20 mA)

Dieter Einfeld, CELLS-ALBA IPAC-2011, 5th S eptember 2011
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f;x Other Contributions at |PAL

M.Pont et al., "Operation of the ALBA injector",

G. Benedetti et al., "Modeling Results of the ALBA

M. Munoz et al., “Orbit Studies during ALBA

G. Benedetti et al., “LOCO in the ALBA Storage

F. Perez et al., “Commissioning of the ALBA Storage Ring RF Systems”
B. Bravo et al., “CaCo: A Cavity Combiner for IOTs Amplifier”

M. Pont et al., “Septum and Kicker Magnets for the ALBA ......

J. Campmany et al., “Performance of ID at ALBA”,

T.F. Guenzel, “Transverse Instability Studies at the ALBA Storage Ring”
:10] T.F. Guenzel, “Longit. Beam Stability and related Effects at the ALBA”
11] E. Al-Dmour et. al, “ALBA storage ring vacuum system commissioning”
12] J. Marcos et al, “Front Ends at ALBA”
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