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A

ALBA

* ALBA
* Accelerators
e Beamlines
* QOperation
e R&D on Accelerators

e FCC-CERN

e CLIC-CERN

e ELI-NP—INFN
* RFlab

* Magnetic lab
e Vacuum lab
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A

ALBA

ALBA Synchrotron Light Source

v' 3 GeV electron accelerator

v 7 running beam lines + 1 in commissioning + 2 in construction
v Funding is 50% Spanish — 50% Catalan Governments

v' First beam for users May 2012

IMFP16 — Spanish Scientific Policy Session Accelerator R&D at ALBA



A._)?A ALBA Accelerators

LINAC
100 MeV

BOOSTER
100 MeV - 3 GeV

Electron beam energy 3.0 GeV
STORAGE RING Storage Ring Circumference 268.8 m
3 GeV Number of cells 16

Symmetry 4

Straight sections: 4 Long 8.0m for 31D & Injection
12 Medium 4.4 m for 121D
8 Short 2.6m for 21D & RF & Diagn

Beam current 250 mA

Emittance 4.3 nm.rad

Lifetime >10h
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- ALBA Svnchr ron L|

Approved in 2003

[ ] [ ]
First users in 2012
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o~ June 2006

ALBA
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Linac! |
ate electrons f rest to 100 MeV

RF caV|t|e 3GHz
Repetition rat of 3 Hz

Accelerate e- from 100 MeV to 3 GeV
1 x RF cavity at 500 MHz
== Repetition rate of 3 Hz

% Storage Ring

Keep electrons at 3.0 GeV

% Magnets and correctors to keep the
orbit (sub-um)

Vacuum Pumps (10-1° mbar)

6 x RF cavities at 500 MHz
Circulating current: 250 mA
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o~ 16th March 2011

ALBA

CURRENT 20.163 mA
Life Time o

MR- C— e 1st synchrotron light
— , il - outside the tunnel
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Wednesday 16-Mar-2011 13:28:43
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A

ALBA

navigation

O all events

D All news

=3 The first users
have started their
experiments at ALBA

7th May 2012: First official users

The first users have started their experiments at ALBA

BOREAS is the firstof ALBA7b i to be ilable to users.

The standard proposal 'Ferrite magnetic nanoparticles and hybrid superconducting
layers: a XMCD spectroscopic study’, granted with 18 shifts, started running
experiments at ALBA on May 7th, 2012,

The aim of the experiment is to clarify and characterize the atomic origin of the
magnetism in different ferrite nanoparticles, both in assynthetized form as well as
embedded in high temperature superconductor (HTS) thin films.

Alba would like to thank all participants in this call for proposals for their interest in
our Facility and the high level of scentific proposals, as acknowledged by the
Scientific Panel.
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Af;A Scientific areas in ALBA

LIFE
SCIENCE

CONDENSED
MATTER

photon energy:
from UV up to hard

CHEMISTRY X-ray of tens of keV

IMFP16 — Spanish Scientific Policy Session Accelerator R&D at ALBA

.
.
.
.
~
cao®
Intentlty (. unity)



A

ALBA ALBA BEAMLINES

EU71 . Bending: e Diagnostics

Polarization dependent

. Bending: e Diagnostics
spectroscopies 4]

EU62
Photoemission

W65
XAS

o

Non Cristaline Diffraction .
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P ALBA BEAMLINES

ALB A A Some pictures

CLAESS
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,: \ ALBA BEAMLINES

ALBA Some pictures

preliminary layout

MIRAS
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ALB A Operation 2016

ALBA Operations Calendar 2016

[BC operation nBL users and commissioning
M operation Start up and optimization of accelerators with beam
Warm W No beam. Services ON.
OFF Off No beam. No cooling water.
Public & CELLS holiday ||
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Scheduled Accelerator Operation [h] 5744
Scheduled User Beam [h] 4368

Operation 24/24h - 7/7d
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A._)?A Operation 2016

High Brightness Beams... Jobs — CELLS www.cells.es/static/Files... CELLS - ALBA Synchro tr... XLIV International Meeti... 2016 (11-15 April 2016) 2015 (23-29 March 2015)

F103 M1
Current  128.393 mA

FEO4 SCW30
MSPD :

NCHIuEE 21h 24m MISTRAL EE03 BEND
| FE11 IVU21
Pressure 4.23e-10 mbar [z IS oven 1 587 mm

FE13 VU221
XALOC  prsvrum

CLAESS FE22 MPW380

FE24 EUG2
CIRCE :

FE29 EU71
BOREAS  purswam

Friday 08-Apr-2016 09:52:18 Beam for BLs. Top-up.
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A

ALB A Operation

2012 2013 2014 2015 2016

Total Scheduled [h] 3280 4464 5240 5728 5760
Accelerators [h] 892 27.2% 924 20.7% 1352 25.8% 1408 24.6% 1392 24.2%
Beam lines [h] 2388 72.8% 3540 79.3% 3888 74.2% 4320 75.4% 4368 75.8%
BL Availability 77.0% 83.8% 96.8% 97.3%
MTBF [h] 21.0 25.0 33.7 514
MTTR [h] 1.0 0.8 1.1 1.4

7000

m Acelerator [h)

6000 1 w Scheduled user beam [h) 100 ) os

5000 1 . 968 i

3 i | I

Year
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ALBA

The ALBA Team Inside ALBA Dampy Cavity
Expertise
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International Collaborations

« FCC - Future Circular Collider

EU H2020 Project EuroCirCol
* WP4: Cryogenic Beam Vacuum System

Eur::CirCol

e Collaboration with CLIC-CERN: &
e WP1: Damping Ring Stripline Kicker test
e WP2: Collective Effects

e WP3: Beam Instrumentation & Diagnostics
e WP4: 1.5 GHz RF System

e Collaboration with INFN for the ELI-NP pro;ect m el-l

e WP1: Magneticsimulations
e WP2: BPM measurements
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A._)QA FCC Project

Future Circular Collider
100 TeV pp collider

90 — 100 Km
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The Future Circular Collider study
Four technical

Work Packages: @ ‘ \/—\C |
One lead by ALBA-CELLS ‘ (& = )

T

RIA action, proposal number 654305

Lead: CEA Lead: JAI
A. Chancé A. Seryi

= Arc Design
Co-Lead: CERN \ e Co-Lead: CERN
D. Schulte D. Schulte

Arc Design

/Lead: CELLS Lead: CERN
F. Perez L. Bottura
Co-Lead: CERN Co-Lead: TBA
P. Chiggiato TBA
Cryo Beam Vacuum High Field Magnet

A / -



AéA Design, Prototyping and Tests of the
FCC-hh Vacuum Beam Screen

29,6 Prototyping ongoing

—— -—

) Cold sprayed Cu
Cooling channel

Photon
deflector

/

26,4

SYNRAD+ simulation of photon fans
5 TeV 50 TeV

)
Coureesy of Roberto Kersevan
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A,_/;A CLIC Project
Compact Linear Collider

326 klystrons . 326 klystrons
33 MW, 139 ps | | | circumferences | | | 33 MW, 139 ps
. delay loop 73.0 m .
drive beam accelerator CR1146.1m - drive beam accelerator
CR24383m 1 —
= 1km g B 1km i
delay loop > < delay loop
@ CR1 ecelerator, 24 sectors of 876 m

2.75km 2.75km
IP

-1 20 m € main Imac 12 GHz, 100 MV/m, 21.02 km e* main lmac TA radlus -12
Y y 4
48.3 km
combiner ring
turnaround
damping ring
! predamping ring

‘ booster linac, 6.14 GeV

e~ injector, e* injector,
2.86 GeV e* e* 2.86 GeV
DR || PDR
493 mJ|{398 m
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A._)?A CLIC Collaboration

e Contract KT with CERN
for the contribution of ALBA to the CLIC study on 26t May 2015.

e Four Work Packages:

e WP1: Damping Ring Stripline Kicker test (M.Barnes & M.Pont)

The Stripline Kicker of the CLIC Damping Ring will be installed at ALBA for testing its
performance in terms of stability

e WP2: Collective Effects (G.Rumolo & U.lIriso)
ALBA Storage Ring will be used for test bench of beam instabilities computations

e WP3: Beam Instrumentation & Diagnostics (F.Rondarolo & U.Iriso)

Development of new fast and high resolution instrumentation is being developed and
tested at ALBA

e WP4: 1.5 GHz RF System (H.Schmickler & F. Perez)
The RF system for the CLIC Damping Ring will be designed by ALBA
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AéA WP1: DR Stripline Kicker test

Design vacuum chamber transitions
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< WP1: DR Stripline Kicker test

Design vacuum chamber transitions

FEA of the radiation absorber (Temp, stress, strain)

/

BM fan radiation

Pa yax = 4.3 Wimm?
Total Power =782.7 W
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N WP2: Transverse Impedance

ALBA

Measurements

« Atransverse impedance source produces a small defocusing kick:

AK <@ x/m(2)

« The bunch charge dependency of such defocusing kick provides the key to

disentangle the small contribution produced by each impedance source from
the dominating focusing effects due to the machine optics.

o)

35

w

Bunch Current [mA]
I
N w

.

05
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B veasure

Inj ' Expected

-05 -045 -04 -035 -03 -025 -02 -015 -01 -005 O
AK 7 Al [m/(Am)]
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A WP3: Instrumentation
"= Interferometry Measurements

Bunch by bunch beam size measurements
using Fast Gated Camera

Fit Result
« w/o BbB
« BbB
200 Tee o '
- '.
Ead - .vo-':—'q- "~ *
St -1 I TR
.“ ; .
4 g M
." f.\.’t,
bt ek
i R T L
! ; 14 e RS 1 s ', o v AL IR S
bt ) &g L7 A o LA e ” o . »
| R AR A ST L e
:‘J » .. -
’
L
E
% 1 ) 00 T T 7
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AéA WPA4: Desing RF 1.5 GHz

Measurement of beam loading
induced phase shift

v In Normal Operation: Effect of beam loading negligible
- Revolution frequency ~ 1MHz

- 90% g Pattern

10 trains: 10 x (32 bunches + 12 empty buckets)
v Filling pattern modifed to 1/3 to be able to measure beam
loading effect

e

2 Revolutions - 2us AL B A

FF Loop for beam loa

v'Beam Loading measured with 1/3 filling pattern (60mA)
Beam Phase variation due to beam loading - 1/3 filling pattern Beam Phase variation due to beam loading - 1/3 filling pattern
162 : ! 1605 |;‘ ; * * ¥ : l '3‘ :
i ¢ 1 revolution Wt
| m““"-.“"’ i F T ST :" 'I".'Ii“:‘ 4
_ 160\0 hﬁ\l,{‘ 'ﬁf“ ,,‘llH ,lgll“‘ 1 159511 I' q : ‘q“' “\ '\J “
€ ) ' £ ol AN
g ot TR A vl
& 158 | Lo {' ‘ iy 1 i ' I - | A : AMY: |
£ 1. | )\ A A N e M Y
QR L T 1‘1 I £ s i i
R S W 8 Y A
156 - |1 R w " | ] s \\i
! YR H
1 == ; FAY) No Beam
sl Beam > f P
o ‘{ ‘ é l ‘; i 4{ ‘ 1‘ ] ‘1(2 ] 1:4 ' 1:6 ] ’I,lﬂ
t (us) t(us)
- Beam Phase modified by 5° due to beam loadign effect
- Future upgrade: Phase modulation (feed-forward loop) to compensate this
effect
- Needed to prove feasibility of this approach for CLIC collaboration
| RF Trip Compensation for Beam Stability - ESLS

IMFP16 — Spanish Scientific Policy Session



ALBA R&D labs

» Magnetic lab
» RF lab

» Vacuum lab
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A

AL B A Magnetic Measurements Laboratory

» Specialized in accurate measurements
of big magnetic structures

Mission of the laboratory:

1. Measurement of Accelerators Magnets

2. Construction and measurement of IDs
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7N Magnetic Measurements Laboratory

ALBA

Fixed stretched wire Rotating coil bench

bench Flipping coil bench Helmbholtz coils

Hall probe bench
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7N Magnetic Measurements Laboratory

Collaboration with other research centers

Magnets built by industry

. CIEMAT phase
shifter for E-XFEL

SESAME dipoles —
CERN agreement
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7N Magnetic Measurements Laboratory

AL B A
Collaborations/Contracts

o Magnetlc Lab

SESAME Dipoles, done

— IFMIF Quads, done

— EIytt/LEHIPA permanent magnets quads,
on going

— CIEMAT cyclotron magnet (new magnetic
bench, 2016)

— ThomX magnets (2016)
— ANTEC - CNAO
— Other collaborations under discussion
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iy High Power RF Laboratory

ALBA

» Specialized in low and high RF power measurements
and cavity conditioning

In order to build the accelerators, ALBA did set up a
complete high power RF laboratory for prototype
testing and cavity conditioning:

1. LLRF tests

2. Controls tests

3. 80 kW amplifier 10Ts tests

4. High power RF conditioning of:
» Cavities
» Input power couplers

...........

Qigso=29.3 ps

2 ys|Zsini= 9.7 ps |
,M[ Cavity-Voltage

Amplitude - arbitrary units
3 s 8

/
A

t(ms)
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iy High Power RF Laboratory

ALBA

LLRF and Controls racks

Cavity inside the Bunker
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iy High Power RF Laboratory

Collaboration with other research centers

CIEMAT - Cyclotron Cavity (2016)

, CIEMAT
IFMIF Buncher cavity
at ALBA RF lab for High Power Conditioning
(2014 & 2015)
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iy Vacuum Laboratory

ALBA

» Specialized in Ultra High Vacuum: design,
construction and tests.
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iy Vacuum Laboratory

ALBA

E—
.

Installation and Material :
Clean room class 100000 (ISO 8)
Bake out oven (length 14m,height 1m,width 2m)
12 roughing station
7 leak detectors
Material for bake out (controllers, heaters ...)
lon pumps
Residual gas analyser
Vacuum measurement gauges
Traveling crane (1T)

Design and Calculation
Nx (Siemens) Cad system
Ansys for calculation
Molflow for vacuum calculation
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iy Vacuum Laboratory

AlLBA
Collaboration with other research centers

MAXLAB (Sweden):

e Design of vacuum chambers for the 3Gev and 1,5Gev MaxIV
Storage Rings

* Thermal, mechanical and vacuum calculation

* Technical specifications & CFT process

Salamanca University (Spain)

e Design and calculation of a vacuum chamber for a
200TW laser compressor optical devices

e Technical specifications & CFT process

* Fabrication follow-up

* Installation and vacuum tests

EuroCirCol — H2020 for FCC (CERN)

Horizon 2020
H2020-INFRADEV-1-2014-1
RIA action, proposal number 654305
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# The construction of the ALBA accelerator complex
has created at CELLS a large group of experts of
scientists, engineers and technicians on the state of
the art accelerator technologies.

Staff of ALBA, in 2016, is 200 persons with around
. 160 being technicians, engineers and scientists.
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