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ELSA-Facility

Accelerator physics:
Home page

Group members
Accelerator

Research & development
Publications

Teaching

Experiments at ELSA:
Hadron physics
Polarized target
Test beam
Informations for users:
Beam schedule
Accelerator status
SFB/Transregic 16
Radiation protection
Job offers

- Additional links

Guided tours

Contact

Particle Accelerators Around the World

Please note that this list does not include accelerators which are used for medical or industrial purposes only.

Please visit also the WWW Virtual library of Beam Physics and Accelerator Technology, the Division of Physics of Beams of the American
Physical Society, and the Los Alamos Accelerator Code Group.

Sorted by Location

Europe

AGOR Accelerateur Groningen-ORsay, KVI Groningen, Netherlands
ALBA Synchrotron Light Facility, Barcelona, Spain

ANKA Angstromquelle Karlsruhe, Karlsruhe, Germany

ARRONAX Accelerator for Research in Radiochemistry and Oncology in Nantes Atlantique,Saint Herblain, France

BERLinPro Berlin Energy Recovery Linac Project, Helmholtz-Zentrum Berlin fur Materialien und Energie GmbH, Germany

BESSY Il Helmholtz-Zentrum Berlin fur Materialien und Energie GmbH, Germany

CeBeTeRad  Institute of Nuclear Chemistry and Technology, Warszawa, Poland

CEMHTI Conditions Extrémes et Matériaux : Haute Température et Irradiation, Orléans, France

CERN Centre Europeen de Recherche Nucleaire, Geneva, Suisse (LHC, PS-Division, SL-Division)

CMAM Centro de Microanalisis de Materiales, Universidad Autonoma de Madrid, Spain

CNA Centro Nacional de Aceleradores, Seville, Spain

COSY Cooler Synchrotron, IKP, FZ Julich, Germany (COSY Status)

CYCLONE Cyclotron of Louvain la Neuve, Louvain-la-Neuve, Belgium

DELTA Dortmunder ELekTronenspeicherring-Anlage, Zentrum far Synchrofronstrahlung der Technischen Universitat Dortmund, Germany

DESY Deutsches Elektronen Synchrotron, Hamburg, Germany (XFEL, PETRA IIl, FLASH, ILC, PITZ) ’
ELBE ELectron source with high Brilliance and low Emittance, Helmholtz-Zentrum Dresden - Rossendorf e V. (HZDR), Germany <7 2
ELETTRA AREA Science Park, Trieste, Italy

ELSA Electron Stretcher Accelerator, Bonn University, Germany (ELSA status)
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Particle Source Beam Pipe

l'he particle source provides the The beam of particles travels in a vacuum

particles, such as protons or electrons, inside this metal pipe. It is important to

that are to be accelerated maintain an air and dust free environment for

the beam of particles to travel unobstructed

Electromagnets

Electromagnets

steer and focus the

beam of particles
while it travels
through the
vacuum tube

Electric Fields

Electric fields spaced

around the accelerator

switch from positive to
negative at a given frequency,
creating radio waves that
accelerate particles in bunches

Targets 0 Detectors

Particles can be directed at a fixed Particle detectors record and reveal the
target, such as a thin piece of metal particles and radiation that are
foil, or two beams of particles can produced by the collision between a

be collided beam of particles and the target

Www.energy.gov
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TESLA, TTFELASH

Westerhorn ‘ \“

A TeraElectronovoltSuperconductind.inearAccelerator
(33 km) ¢ International LinearCollider

A Tesla TesFacility )/'
A FreeElectronLASer(FLASH)n Hamburg (300m
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Europejski Laser RentgenowskKuyropeanXFEL)

A Pod Hamburgiem
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https://www.youtube.com/watch?v=Tq5-inrws6k

Panie, a po co im teemtosekundy?

Molecular dynamics
Chemical reactions

Femtosecond 0.3 um 5;:;2:;2:0“
(1075 s) (4 eV) i
, Rotation
C
Visible, UV
Electron dynamics

Excitation, HHG, ATl and FTI
Electronic transition
Multiphoton/tunnelinglonization
Electron localization

Double ionization

Attosecond ul 0.3 nm
(1018 5) (4 keV)

EUV, x-ray

Nuclear dynamics o
-y - S Nuclear collision
’) - > Fusion
Zeptosecond 0.3pm ™ p O L4 | ‘2 Ficsion
(1021 5) (4 MeV) ) o
O 099 O °* ® Courtesy of Maximilian Schiitte, DESY
Gamma ray
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Zastosowania elektroniki w akceleratoradmiowych

AL GSNR G YAS RIAIFIOSY StS{TUNRYy2geY

AL GSNR Gl yAS LI2fSY LNz wyBELREyYIOaY ¢ Ol
ARS(0S102l aYlIODeOKé¢ aedaylrosg ¢ 20SOy21 OA ax 3N
Al2YLSyal 02l S¥S{isg FTAI @O0l yeOK oyLIDd &AAO0F [ 2N
A automatyczne strojenie
A zabezpieczenie rezonatordevzed lokalnym przegrzanierguench
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A Synchronizacja oraz zbieranie danyakgperymentdw timing

AOchrona maszyny oraz personelu
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Liniowy akceleratorO 1 N &lénshtarnych

MONITORING
& CONTROL SYSTEMS

PARTICLE PARTICLE PARTICLE PARTICLE
SOURCE ACCELERATING ACCELERATING ACCELERATING
MODULE MODULE MODULE
‘ MONITORING ] ‘ MONITORING ‘ MONITORING MONITORING
& CONTROL & CONTROL & CONTROL & CONTROL
NODE NODE NODE NODE ]

TARGET

MAIN RF
OSCILLATOR

RF SIGNAL DISTRIBUTION

PHASE REFERENCE DISTRIBUTION SYSTEM
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Bardzo u proszczony schemat
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SystemLow-Level Radid-requency(LLRF)

A System czasu rzeczywistego
Master uVM
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Instalacja Systemow LLRF wXEEL

Uproszczony schemat oprogramowania ( firmware ) jednej stacji

| waveguide
Reflected Reflected Reflected Reflected
Forward | | Forward | [ Forward l [ Forwardll
1 1
8
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A Instalacja w tunelu poll NA 2 Y2 RdzO | YA
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Apn 12YLRYySyiudusg o 1lasSial z LI
szafie
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LLRF Front end server Master
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TimingSystem(a bit off topic)

AProvidedriggersinitiating specifiecevents
AThere is a specified trigger sequence for given event

A Eg.Initiating filling cavities with RF field, starting RF Gun to produce bunch, running
0SIY RALI X¢rdirgd prdc€ss X padsing beam through accelerator

AProvidescoded event name and timeformation

AAllows to correlate data gathered from various subsystems during selected event

AGenerates and distributes clock signals

2025.11.28, K. Czuba |l 5a I pZ 2NROOUI ¢ 14



Timing Systenktxample

AFiducial trigger synchronized
with AC mains and a common

subharmonic

Master

119 MHz

A Synchronized event triggers
with user programmable delays (’?

Oscillator

Sync.
System

AMaster timing clock, triggers

and event codes combined and
sent usually by optical fibers

AThere are well established
solutions available like the
White Rabbit

2025.11.28, K. Czuba

AC Mains
. l Fiducial Trigger Master
N _ Common — Trigger 100Hz  Timing Clock
Mdh‘tﬂr Subharmonic | Fiducial 100 Hz / 119 MHz
Timing 8.5 MHz \ Generator Event \4 5
Clock - -~ Receiver “1 Gun Laser
119 MH:= LD“““D“L ] L (EVR) —L) System
Subharmonic |2 Sync. _
Generator ) = EVR 3| RF/LLRF
Event E —>1 EVR § Beam
> Generator [ 7] Diagnostics
(EVG) / =~ fvk ==

Event + Master Timing Clock
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Two-Sided PSD

“Phase Noise”

Phase Noise and Jitter

| Klasyczna definicja szumdazy
(Negative Frequencies Deleted)  On€-Sided PSD
A _ , » PSD A
S.f) L(f) Solf) ) %y SSB J---
\ L
' g "“’f—'ﬁ;’*‘-“ﬁ SingleSidebandNoise
x R PowerSpectraDensity
! +3dB 8¢ measuredn dBdHz
#r.r
o |
. o .
. 3o - ) 11{ k
Fig. Courtesyof Maximilian Schitte «
>
0 Hz Frequency f

%o Y QQQ Jiitter fazy
Unagg1/3,cAY sAt {alt OTtad2dsAs é p) oyeggarg DIter fazlé,j

tym mniejszyjitter czasu dla takich samych » \G wyrauvony
poziomoéw szumow fazy sekundach
2025.11.28, K. Czuba
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Jiiter fazy w sekundach?
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Phase Noise and Integrated Jitter Example

1300 MHz oscillator signal

The closer to the carrier, the
bigger the phase noise
contribution to jitter!

2025.11.28, K. Czuba

Phase noise [dBc/HZ]
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System synchronizacji fazy w uproszczeniu

Master Oscillator Distribution System

R Gg-wna dystrybuc
Phase Reference and Timing Signals o . )
@ e ! ! l -— duUe odl eggoTeci

‘|RFs | . | RFS RFS RFS
. [Rack(s)| ; Rack(s) Rack(s) Rack(s)
FF5S - Radio Frequency Station .
Y RACK — Dystrybucja lokalna
CRATE szafy rakowe , kasety ,
Distrib. | =CRATE - Distribution PCB
within = T within crates,
racks lcraTEll A1 between PCBs,
g PCB back-planes
— : 1 ;
— Local signal
L. |CRATE ; M| generation
Bardzo cznsto nie docenia sin znaczenia | okalnej dystrybu
sygnag-w (wewnntrz kaset, na PCB)

2025.11.28, K. Czuba | 5a | pX 2NROOUI ¢ 23



Wymagania dla systemu synchronizaciXieEL

5x1300 MHz, +10 dBm
1300 MHz @ injector (timing , MLO, € .) 21 x130£) MHz .(.+ 3 spare),+21 dBm * 100 fs to 1ps jitter
20 x1300 MHz, +10 to +21 dBm " 10 s jitter £ 10 ps drift p-p
* 5 to 10fs jitter 1 ps drift p-p 137 x 216 MUz
* 100 fs drift p-p 21x 21? Mz, .. * 250 fs’jitter
10 x 216 MHz, 250 fs jitter %10 ps drift p-
* 250 fs jitter * 10 ps drift p-p p p-p
* 10 ps drift p-p ( A )
A AL
[ 1( ) v
Seed
oog EII:II:II:IEIEII:II:II:IEIEII:II:II:IEIEII:II:II:IEIEI
[cun| [a1] [aHL " L1 |J‘—| L2 | —M— L3 (Main LINAC) | — 101 110 Exp
1 Mod. 1 Mod. 1 RFS 3 RFS 21 RFS
Injector Complex Area UNDULATORS
(I)m 20Im S(I)m 40Im 92Im 14Iem 3OI6m 46‘;7m 168IZm 210IOm 333;3m ?
XTIN L1-XTL  L2-XTL L3-XTL

A Ponad2206 & 21 0

AzayYl3aryl R2aitLly216 aédaylrosg yI LRI A2YAS ddIh

2025.11.28, K. Czuba | 5a | pX 2NROOUI ¢
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Co oznacza 113 lub 1ps w praktyce?

AW czasie 1651 g A G 02 L2 2 Yy dzeB! ¢

LINE O VA F
A2

0e8Ll2g@&Y LINJ S62RTAS L2029t YYAS

A5t Ol tadtg2GtA621 OA F T
Az0 pTiQC g 0,004%
A3d0 pnic g 0,43

AA akceleratorE CO9[ YI LINY 6 A S H bdaMindXOdza 2 1
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GeneratonNzorcowy

Main/Master Osclillata

2025.11.28, K. Czuba
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Typowe wymagania dla generatora wzorcowego

ANiskie szumy fazowe np.jitter <10fsw zakresie od 1Hz do 10 MHz

A

AOd 1ldokilkunastuOl t A 2d¢& 3k ae O
AhR M R2 T1Af1dzRT ASaAALt ONdz gl@a P grizalt

o

Aa20 géa2l OA26l 2R mMnY?2 J|R2 pn?

A2 gaz21l  RZradindday2 1 6

AZintegrowana diagnostyka



TheVeryMaster Oscillator

A2 gAt 14l 21 OA LEINGX®LI Ris59 2Said a2
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AceLl2gl ROdzZA 2 (§ SONNM AV 2 O EXDH02 m w2y
Pt

AWST £t A GNI Sol OCXXRO S2al 2allo® | 1N /ﬁ 2
zsynchronizowany: z
A%NF ROSY | (ZdegaNrabigi@dny~1012
AGPSlub odpowiedniki}1014
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oSimplest ah {2t dziA2y

AOff the shelfsignal synthesizer

AThere are some devices offering higérformance signals

APhase jitter in range of tens of fs

ARelatively high noise floorl55 to-160dBJ ﬂ; Il
” 600000 ®

00
- S p__———

ABut still sufficient for many machines

AFor higher performance and non typical requirements a custom design is
necessary

2025.11.28, K. Czuba |l 5a | pX 2NROOUI ¢ 29



Frequency Synthesis with a Multiplier

AUsuallythe multiplication factor N = 2 or 3
ARather narrow frequency range
ALimited choice of higiperformance devices s

ALimited flexibility but still possible to make a
good design

APhase noise floor rarely below/55dBd
AMay drift significantly with temperature >

2025.11.28, K. Czuba | 5a | pX 2NROOUI ¢ 30



PhaselL.ockedLoop Synthesizer

Bh(s) Be(s)
f; ——= Phase Detector Filter VCOMNCM

tg(s)

[

f
0 Ba(s)N Programmable

Counter (+N)

APhase; locking of a VCO to a reference
signal

AFlexibility in selecting output frequency

AProper selection of PLL components
allow for phase noise (jitter) reduction
comparing to a standard multiplier

2025.11.28, K. Czuba I 5a

Se(S)A

Sail /)

PLL output noise

Free running VCO noise

Senl /) Jitter value “improved” by the PLL
N

g

N Reference noise
] multiplied to output
frequency

Sd}o(f) ~

p 2

. 20logN :
N _ _ _
Sei(f) N
|
:
T f
<« NZ OOl g 31



Projekt XFEL Mastébscillator

*ostatnio Main Oscillator

SOWER SUPPLY A Ultraniskoszumny syntezer
MODULE REDUNDANCY BOX - .
: : RF DISTRIBUTION— Czr]St Ot I | WOTCI 13(
100MHz RRFeSéVJﬁ%gr\?é@h Hiah BOX — 2 13GH
GPSDO— gt Cortroler© 4t — 7" A gystem3-kanagowy z Ko
fitter 5y +15dBm .. .
o\c 20way | —— redundancj i | pr ze
—
aPspo— Hg o o), spliter | . |
o - A Detekcja bgndu, de
nputand [ rzegnczeni 800ms! c z a
Gpspo— OOMHZz reflected +—— P gt
Synt >C power :
measuremem*PHASENOlS‘l A Podtrzymywanie syg
| ) | ANALYZER wyj Tci owego przez
v — v v dobroci
CoTS PW i PW PW i DESY
PTS SINTEC A 7z10modug - wkgadowyc!l

zbudowano na PW
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XFEL Maste©scillator

Generation Channel i1 Z
Primacy 100 MHz 1LIGHZ Redundancy controlier 1360 Srtnstoe )
refererce synth. systheszer I M o " ..
S uT A
wuvn U0 MM : L3G@s
< « 15
W =
Generation Channel #2 R
! R L 5
{same o3 above) '
=a waA
N det.
Al
Generation Channel #3 R
- 2=l
{same as above) . -
~
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Instalacja generatora wzorcowego WXFEL

Instalacja systemu generatora wzorcowego

o
e - B c
™
a b &Y ’-“

A Systemd z i a g &FBMd Bbku 2017
A Wbudowana zaawansowana diagnostyka

Mo d usgntezera 1,3 GHz

EIEOAERESNSEANEINOAGENNERRRNNN

ENEQNBSIONORARUCHREENNGENNEEREANN
JEENIENHE TGN REERNNNNRRRNNNERUNERE
ELERCTLE ORINNDONEEERN
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Optymalizacja konstrukcji M@ipgrade

A{Gd2a26l yAS 21 ylaYyAaScaloBudowieA Ol 68 (lo6fA LRO
At NB2S10261 yYAS 1NRGSY OFGg21 OA Y2y il ddz A LI
AwSRdzl 021 12a&alilGs5¢6 1 6ANRDI I YyEe@OK I LINJ Saagz2za2Sy ¢
AwSRdz1 O02F 12&lds6 VILIN)I ¢ A aSNBAadz Y2RdAzOs5 6@

—
(&
N
X0«

(rys. M. Ur ba Eski

UproszczonanstrukcjaY 2 y U (i Serddsu)syntezeraFLASHMO
|l 5a | pX 2NROOI ¢

2025.11.28, K. Czuba 35



wSRdz] O2 ¢ LIJ®Redodmanicd 0 NJ

Phaselitter (10Hzdo 1 MHz)
OldFLASH| EXFEL
MO MO
Br— » | 108 MHz 86.1fs .
= | . % 1300 MHz| 55.9fs | 19.5fs
e ) [y | 1517 MHz|  1390fs
|
” G —— RIGOL DSG836 1.3 Gz
- ST B —— R&S SMA100B 1.3 GHz |
OCX(phasenoiseoptimization B FEL MO 13 Gil
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Master Oscillator Distribution System
@ Phase Reference and Timing Signals
‘| rRFs | | RFS RFS RFS
. [Rack(s), : Rack(s) Rack(s) Rack(s)
i RFS - Radio Frequency Station
RACK
CRATE
Distrib. | (-CRATE Distribution
within =11 e within crates,
racks  {IcRATE . ™ between PCBs,
g PCB back-planes
- — Local signal
L. ICRATE / generation
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Main Enemy:
DRYFTY FAZY

Dryfty sn spowodowane gg:- wni
zmianami temperatury 6 powolne!
Generator H
' Odbiornik
Zmi any dgugoTci eél gkt rycznej/
optycznej medium
Zmi ana f azl3GHzywg rSavj et §o WP ol
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Amatorskie pomiary dryftow fazy w grubych przewodadh
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Jak walczymy z dryftami fazy
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Cable Temperature Stabilization

AEither by cooling water or by heating tapes
AVery well known, robust, good performance

ARequire a good thermal insulation to achieve good temp®
stability far from sensors

AFeasible for up to several hundred meters

ADemonstrated ~0.9p-p phase stability / 100m @ 704 MHz
at ESS

AFor longer distances and higher frequencies stability and
cost may be compromised
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Projekt European Spallation Source (ESS)

Linear Accelerator:
Energy:2 GeV.
Rep. Rate: 14 Hz

|« Current:62.5mA

16 Instruments in
Construction budget

Committed to deliver 22
instruments by 2028

Peak flux ~30-100 brighter
than the ILL

Total cost: 1843 MEUros ,,,
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Gg:-wne wymagania dl a proje

Aw21T LINR gl RI SYAS adé3ayl Osg 2 R3BAMHAINBYWINDD F
generatora wzorcowego do podsystemow akceleratora
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NajwaUniejsze zagoUenia pr
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ALinia podwieszona pod sufitem akceleratora
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Koncepc] a

i najwaUniejsze

Master Oscillator

Main Phase Reference Distribution System
I Cantrol I
& :
o RF High Power
Monitoring | d—p o P '
I Software Monitoring Amplifier I
Temperaturg Cantrol
h 4
I Pressure I
& MAIN LINE
Humidity T T 1 1 ! ¥ 1 |
I Control Tap Tap Tap Tap Tap Tap Tap
Poaint Point Paint Paint Paint Faint Paint
| f” I
Trrnni Tt . . . Tirnni T
Ciin Ciri Lacal Phase Referace Distribution Systam L .
LLRF & BPM/LBM
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A System stabilizacji
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A System stabilizacji
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A System sterowania i
diagnostyki
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Podstawowy model w.cz. linii

Master
Oscillator
) 4 Y X -
O Source 50dzd21 0 LINI S
352 MHz 2 Y] Al Y| aul
& +10 dBm
704 MHz
S High
Power
Amplifier
352&IVIH2 +53 dBm
704 MHz | 200W Main Line
7/8" /
Matched Uni-directional +50 dBm +50 dBm Matched
0a Coupler 352 MHz & 704 MHz 352 MHz & 704 MHz oa
EEEE—— . = = . > A ¢ ------—ﬂ
P i' I if ' 1-5/8" 1-5/8" { i' f l ' l
Power
Splitter .
P <4— Tap Points
test
+15 dBm +15 dBm +15 dBm N 7T\ 3502704 +15dBm +15 dBm
X MHz
352 MHz ~ x
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Schemat segmentdow systemu

+2 tap points; (1 for each DTL tank) .
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Model w.cz. i optymalizacja budUe"

-
| [ | Main Line Power Budget
47 dBm
10,0 d8m 3 - 46 dBm Py
Amplifier @352 MHz 0008 X m I
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power dividers

LPF & HPF ; ;
filters f'—"_ @ "

ﬁ "ﬁ‘i !

Nx352MHz & Mx704MHz & Kxspare

2-way divider

AFunkcjonalnoT|l dzielnika mocy
AModugowoTI
AaProblem z Tefl onemb

APowinien zapewni | r-wne poziom
cznstotliwoTciach

AMi ni malizacja odbi] sygnag-w d
A Dipleksery

A Stabilizacja temperatury
A Wyprodukowano i zainstalowano 58 szt.

2025.11.28, K. Czuba | 5a | p2x



Modug wyj) Tci owdp oglnacpzPeoniinat )or a z
stabilizacja temperatury

6 = 3" oo cabiles
minimum bend radins 100 mm
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Elementy systemu stabilizacji temperatury

PRL Temperature Control Box

! ([s8) %
N ey
bl o
&
o
) ’

202 systemy
~26 km of cables
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System stabilizacji temperatury - podsumowanie

AZai nstal owano 1 8o bmsogdwgyu j@OXTYyCcBh &
obwody stabilizacji temperatury, 275 gr zagek i Wl
czujnikow temperatury, ' 1!

AUz ys kano s tteniperdturysystenun na poziomie
0,1°Cna <cage|] dgugoTci 580 m!

AZainstal owano 355 pogomizedz K a \é‘;
Klystron Gallery, atunelem o gnczne|j dgugoT ~

APodgrzewanie linii od 20 °C do 40 °C powoduje jej
wydguUeni e o !cSkstein poduliedzeriama
goUyskowanych &aw:-zkachboé
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Przygotowanie linii do instalac]

1 A ait] S K o ek
oS i R
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Zacznli Tmy 1 nstalacjn w pu
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Phase Reference Line po instalacji

AZainstalowane i przetestowane
wszystkie elementy

ADz i aod 2022

APW przygotowuje
Twi at gowodowe
monitorowania zmian fazy w
hali KG

| f. ':‘I,Ev i

; ,.muM f?w #“M?;W \
kilkunastu oséb é “ing ,4 "_ Lt mll L ﬂ

APrawie 9-letnia przygoda

; md«

,,'..,J
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Aktywna stabilizacja dryftow fazy

2025.11.28, K. Czuba | 5 a
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A ~ponad40 m
niestabilizowanego
kabla wSTUB
A Zbudowany
precyzyjny system
stabilizacji fazy
N
N
—

CablePhaseéDrift

Feedback on  ~34xdrift
0.13 p-p reduction
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Feedback off: 5%p-p
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