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The Radiation Source ELBE at Research Center Rossendorf (FZR)
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Radiation Source ELBE

superconducting Electron Linac
of high Brilliance and low Emittance

/ y-radiation 0-20 MeV nuclear phys. cave

X-rays 10-100keV radiation phys. cave
Electrons =~

4(1) M:V | > |R-radiation 5-150 (200) um FEL cave
m

N

N

neutrons 0-30 MeV neutron phys. cave

positrons 0-30keV  positron cave (EPOS)
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Electron source and injection
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ELBE Cryomodule
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Beam lines & Diagnostics & Others

* Vacuum system

* Magnets

* beam viewer

e emittance measurement
* online beam position

* bunch length

e beam loss

e dumps

e control system

DN 40 UHV + ion getter pumps (< 10°mbar)
DANFY SIK dipole/quadrupol (< 80 MeV electrons)
OTR - digital frame grabber — online imaging/evaluation
pepperpot mask / automated quadrupol scan
stripline detectors

MP interferometer, Golay cellsfor BL optimization
long ionization chambers (machine protection)
current difference monitors

radiation cooled graphite (50 kW)

+ steel/concrete/water shielding

PC based , Simatic-PLC/WINCC
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Beam position monitoring

Compact version of Beam Position Monitor

5 ¥ Position resolution

= o strip length 40 mm
g . total length 85 mm
E 10 L — —C

E : = < 4o

] 201 400 ) Ry | X
Average beam current, pA
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Beam loss interlock & monitoring

20...40 MeV electrons = range 1,5..4 cm in stainless steel

T=Te"
P 4

dT _ S
=2 | (t)-AT-T
o CDjne() (T =Ter)

_ T, [elm
crit SC Dle

S, = 20MeV

I, =1mA

¢ = 4500/Kg K t o~
m= AV¢= 63mg (d,,,,,=1mm, r=10mm) crit
T,=1400 °C

How to measure ? —

€

BLM-Signal HV
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Beam loss detector
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Bunch length measurement

The Martin-Puplett | nterferometer
( polarizing Michelson interferometer )
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Electron beam parameters of ELBE

maximum beam energy

20MeV  __ , 40 MeV

maximum bunch charge 77 pC

maximum beam current 0.85 mA
Channeling FEL operation
at1pC at 7/pC

energy spread 35 keV 55 keV

AE (FWHM)

transverse emittance ggys 2 mm mrad 12 mm mrad
< 0.5 needed

bunch length oOgrys >3ps 1ps
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Transverse emittance of the ELBE electron beam

e 13MHz (no aperture)

14 e 260 MHz (no aperture)

. A 260 MHz (3mm-aperture,90 % cut)
simulation of gun emittance

E 100 uA @ 260 MHz
(Radiation Physics)
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o
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Secondary radiation generation & associated research program

Bremsstrahlung
€ I
steering coils
l m
radiator—", & beam dump
e
concrete :
collimator —=
nuclear phySI CsS cave polarized - off-axis photons
NRF

~_target

CLUSTER detector

User operation starts 1/2003
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Nuclear spectroscopy at ELBE

~10'% ; ;
% f Monte-Carlo
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recise and systematic investigation of the structure of stable nuclei
P / J X E, [JTT
*Energy - excitation energy E y y' yll
sIntensity - with G 0
sAngular distribution - spinJ
*Polarization - parity p
v
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X-rays at ELBE

X-ray‘s

~10-100 keV

0.4 ~ 1011 S-l

diamond (110)

angle = 0O¢

E =40MeYv
-0

1

00 328 B52 97.8 13041630
Energy [/ keV

0.3

dN / dE

0.2

0.1

0.0

* Investigation of elementary processes of radiation damage in living cells

* Measurement of relative biological effectiveness of photons

» Material science: Time resolved melting and solidification processes,
visualizing phase transitions and flow phenomena
in liquid metals

User operation starts 10/2003
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Channeling Radiation
Planar (1,1,0) 17 MeV
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Dose limits for diagnostics ?
Parameter for an effective therapie ?
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Infrared from Free Electron Lasers

fq}ﬁ v [THZ]
7 Free Electron Laser (FEL) - s 1 © 100
%ﬁj rirrar ol o -
( 1'|f'L—--- —— ==
ending ragn et ?:j ol
¥ 2
z i [ o
dlecron P2 =5 | S 100}
iy o E otk
£ 10°
T o
m: L1 - 5'3'-'-*‘“"':'35' HE:J-:‘L'.-G-I'-_:‘UF'.P'.' 1
0 - - . !
Ay 27.3mm 525 um (FEL U27)
I\IU 2x34 ~5 uJ per pulse
K 0.3—0.8 ~1ps

First Lasing: 7. May 19:39
~15W@ 19,8 um
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{2} Bunch length measurements with the Martin-Puplett interferometer

Fie Edit Operate Tools Browse Window Help
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Spontaneous radiation Log book 4.5.2004
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— Cursor
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; Informationszent rom ELBE

[absl  Bearbeiten  Ansidht  Favorben  Estras 7

Quus - Q  [x] &

Adresce E !ﬂf:,lf\m.ﬁ-rﬂﬂ!ﬁduf da.l'F'M:ll'

Projektgruppe ELBE
Informationszentrum

-~ ELAC-FalsEs U .

T Yerachiadanes

Microsoft Intarnet ['-:plnrpr

',..'ﬂ.l."'lli'- ‘-I"Fuu:lt:ﬂ ﬂ'm -E:l .

w B Wechsein ru

gy g =
LPEY "elha| .00 %

h S0V B\q

H|100us| A| Cha T

Ch4[ 5.00V ﬂ

“250v

19:37:51

T WE ZDnE
N On & 14K &l
Bemerku
Beaibety
Bemerku i
Bloarfiost gn
Bemerkumng uning Langs
Beaibeten |'|'L'E' Gr-uh Langa
M3 varlikal Spagalkammar 2 (die klene]
M4 : hiorizoral Spiegelkcaenmear 2 (die kisine)
s e gl el o o 4o - Ry
W e (3 I ER e [ o

o e S En’ eaan |8 | oseo

Ll L Ll |» ~| ] o0 (8] | 9000
[ R e e T s T YT

7 Mai 2004

mach maichlich 150ps gaben wir in die Sathgung
Sirahllzge auf dam BPWE st +4.5 mm,
Stelll man dan suf Null, gehls rgendwie nickl

L ——— Lo

* "
u J ]
]
-
1 1
.
i |
g | ]
{ by s i
b i 1
! L] | [ ] -\.Il  Ap=ip
H . s ey —mr e | Tt e i He e | L2
'] L] 1 4 4
| ]
H 1
e s T e e S R B

Forschungszentrum
Rossendorf

Mitglied der Leibniz-Gemeinschaft

Strahlungsquelle ELBE

Dr. Peter Michel




Experiments with IR from FEL

Pul se-stacking cavity ring-down measurements

IR near-field microscopy and spectroscopy

Pump-probe experiments in the sub-ps regime

IR investigations of semiconductor and quantum structures

IR spectroscopy of complex molecules

Surface studies and modifications

Medical and biomedical investigations

Infrared microspectrometry of environmental samples (Radiochemistry)
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High Magnetic Fields & ELBE

£
HLD ) :
High Field Lab . High Field Lab Dresden
60 T @ 1000 ms
70T @ 100 ms
100T@ 10 ms

Combination of ELBE FEL (3 .. 150 um) and High Magnetic Field Lab
IR spectrosokopie at high magnetic fields

24g - 100 T » h-c /100 pm
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Plans for longer wavelength FEL (20-200um)
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Neutrons at ELBE
(TU Dresden)

ELBE electrons 14 MeV neutron gererator

Probenposition B

Tritiumtarget E=(14.93+£0.27) MeV
—> —>» N
e > Y W(Y,xn)
- Deuteronen-
e —_— —_—— —
— | W n strahl

Neutronen

Probenposition A
E=(14.37+£0.12) MeV

d+t— n+a

e Fusion reactor studies (ITER):

interaction of fast neutrons with construction materials

e study of the energy dependence of neutron —nucleus
cross sections by time of flight technique

neutrons
~ 101 ns! (continuum)
~ 1012 ns! (14 MeV)

® triggered fission studies for the spectroscopy of ~ AT<100 ps

neutron-rich medium mass nuclei
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Schematic view of EPOS (ELBE Positron Source)

Cave 111b Pasitron laboratory

moderator
foils

beam dump

Na source
% magnetic lense
%070, P Y
e main buncher ps - buncher
= B
Se H H —i
52 o et T
8 § e 2. chopper sample Ijjl
s T, EECRE P BT
- %, | 1
g &% i b multi-detector
= appertures system
o
e
m
-t
LEE

Martin-Luther-Universitat Halle
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® EPOS will be the combination of a
EPOS = ELBE Positron Source positron lifetime spectrometer,
Doppler coincidence, and AMOC

® main featiires:

Variety thermalization
e 000000
o defect-( Positron Beam }
e 000000
* tribolog) *~ diftusion e
e Q0000
. low-k ms - diffusion
OW=K Mg length:
. defects .,.e Q G 3=100 nm
metals
- epitaxia » N o 3
defects defect trapning - .
PPINE Yy Ouant (511 keV)
¢ fastkinbee——rm—ge———rr———e———— —_— —i0r

) Doppler measurements (When
primary beam is not available)

- fully remote control via Internet

Al alloys; defect annealing; diffusion; ...
* radiation resistance (e.g. space materials)
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ELBE SRF Photogun - Basic Design

Normal-conducting cathode inside SC cavity
Successful Proof of Principle Experiment, D. Janssen et al., NIM A507(2003)314

Cavity: Niobium 3+% cell (TESLA Geometry)
Choke filter

Operation: T=18K

Freguency: 1.3 GHz

HF power: 10 kW

Electron energy: 10 MeV
Average current: 1 mA

Cathode: Cs,Te
thermally insulated, LN, cooled
L aser: 262 nm, 1W

Pulse frequency: 13MHz & <1MHz
Bunch charge: 77 pC & 1nC
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Main Components of the ELBE SRF Photogun

Tuning system

RF input coupler

.

Low level rf system

3Y%2-cell cavity

d

Power rf system

Cryostat
cathode insert&cooling
He-vessel & port
LN, cooling & port
magnetic shield, vacuum
diagnostics

test benches for
Critical component

Control systems
Synchronisation
He-pressure&level
Tuning, rf system, laser
Beam line devices
PSS, MPS, Vacuum

Diagnostic beam line

View ports, current, beam shape

Energy and energy width
Bunch length, emittance

LHe transfer line
& distribution box

| |

SRF-Gun

ELBE connection

Driver Laser

Laser beam line

Photocathode
transfer&storage

beam line

Photocathode

preparation equipment

E Forschungszentrum
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ELBE SRF Photogun - Cryomodule design

vacuum vessel

r DR

He & N ports o cathode storage &

transportation chamber

e
LN
S e . i*::*."I!l.-a
ke ‘\cavity alignment
Beam I tuner motors
connection
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ELBE SRF Photogun - Cavity design

Cathode transfer rod

LN, reservoir

cathode cooler

HOM filter cathode
choke filter

gun half-cell

He-vessel
L
& power coupler
..T Strahlungsquelle ELBE
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ELBE SRF Photogun - Cathode preparation chamber

shutter rate monitors
evaporators
/ (N B ¢
= el
‘ffl rl et
Pl e
— {
laser light 4%
ports
cathode

Technology:
Co-evaporation process

from CERN
Trautner, Suberlucg, Chevallay, 2001

4 evaporators with
- tellurium
- Cs,CrO, (saes getters)
2 deposition rate monitors
- separate measurements for Teand Cs
- control of 1: 2ratio
cathode heating
cathode cleaning (ion sputtering)

Q.E. measuring with 262 nm, 10 m\W laser
- during deposition
- aging
- distribution (laser spot scan)
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ELBE SRF Photogun - Present Status

Cavity: Design finished

Fabrication of 2 (RRR 40 & 300) cavities at ACCEL GmbH

and athird cavity by Peking University
Cavity tuners: Fabrication finished

tests necessary
Cathode cooling system:

Design finished, in fabrication
Cathode transfer system:

Design finished
Cathode preparation chamber:

Design finished, in the work-shop
Cryomodule: Design will befinished in July
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ELBE SRF Photogun - Liquid N, Cathode Cooling

Test bench

thermal
conductance
measurements,
cathode cathode
. temperature?
&
test of the
cathode transfer

system

LN, reservoir

Conein cooler
- centres cathode
- cathode is pressed in by spring

- thermal contact of cone surface ?

!
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ELBE SRF Photogun - Cathode Exchange & Transport

c_:athode trangfer root olaces for | 2 identical
linear & rotation systems

5 cathodes

at the SRF-gun
(accelerator hall)

&
at the cathode
transportation preparation
chamber chamber

exchange (preparation lab)

chamber
transportation
accurate adjustment of the cathode; chambers allow
minimum particle generation cathode transport
during exchange In vacuum
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beam time 2003

20000 two shifts full time
] I bremsstrahlung
1 7 .
5000 i [ channeling
16000 - I delepment of components
- 72 h 1 machine

beam on / min

Mai Juni Juli Aug. Sep. Okt. Nov. Dez.

month
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Thank you for YOUR attention

Collaboration:

BESSY, Berlin
Max-Born-Institut, Berlin
TINAF, Newport News
University of Peking
BINP, Novosibirsk
DESY, Hamburg & Zeuthen

ACCEL GmbH, Bergisch Gladbach The ELBE crew
Technische Universitat, Dresden (visiting the EL BE river source,
IfE-Automatisierung GmbH, Dresden Spindleruv Mlyn, Czech Republic,
Ingenieurkontor Stephan, Dresden April 2003)

Strahlungsquelle ELBE

E Forschungszentrum

Rossendorf Mitglied der Leibniz-Gemeinschaft Dr. Peter Michel



Current / pA

—#— Photo cathode current
—@&— Beam dump current
12 {—4&— Energy

%

O l L} l L}

I
-50 0 50 100
Laser phase / deg

150

-~ 700

- 600

|
a
o
o

- 400

- 300

- 200

200

Energy / keV

FZR

Forschungszentrum
Rossendorf Mitglied der Leibniz-Gemeinschaft

Strahlungsquelle ELBE

Dr. Peter Michel



Drive laser

MBI, Berlin
I. Will, T. Quast

» diode pumped
oscillator & amplifier

e P=1+2W @ 262 nm
26 MHz rep. Rate
(b ps FWHM
synchronization 1 ps

Note: 1W @ 262 nm
QE 1% =80pC
QE 10% = 0.8 nC

fast SAB-167
microcontroller

photo
diode

LBO monomode fiber

U.DEM <<

piezo for
modelocking

piezo for
synchronisation
N

——

APM oscillator

—

Faraday isolator

f=25.92 MHz
P=1W

Faraday
rotator

2 P =16 W y
Nd:YLF
5-pass
amplifier
infrared: green: ultraviolet:
P=16 W P=8W P=16W
- RF
A =1053nm | go A =526nm BBO A= 263nm gun
crystal crystal T=5ps(FWHM)
o =2ps
UV conversion stage f=2592MHz2

Raglgtion.source EBE
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What next?

 New cavity 3¥2cells, want to go to 25 MV/m
 New cryostat connected to refrigerator to work at 2 K

Common project proposal at BMBF FZR-BESSY -MBI

Shortened TESLA cup
TESLA cups

1st cell

Choke

Cathode holder housing

Input coupler and pick up ports -
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The Spectrum of

Radiation

electromagnetic radiation at ELBE
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Puls compression

subharmonic buncher

time focus sc RF cavity
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# ELBE radio-frequency accelerator

20 MeV ' 1mA = 20kw
£ =0,999687

10 kW Klystron

1.8 K liquid He vessd

Niobium cavity

250 keV, 1 mA
B===074
C
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The pulse length calculation

1. Sincethephaseinformation islost, direct pulse shape
reconstruction isimpossible.

2. Fourier transform of the Autocorrelation is Power Spectrum.

Autocorrelation FE! Power Spectrum

(measured) (measured)

| Comparison
Bunch Sh PP | Power Spectrum Fllter, Modified /
(suggestion o?gl?ess) (cal cuIate?)p Power Spectrum
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Scattering on the Bremsstrahl-radiator
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# Diagnostics at the Bremsstrahl-radiator

2000
Taget Temp. vs Dump Current

18004 4 mm Niob Target, 14.01.2003
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” ELBE-Infrarot

o

Longitudinal movable YAG screen
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