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High Brightness Photo-Injectors

DC-Photo-Injector normal conducting
RF-Photo-Injector

Medium to high current Low - medium current
low bunch charge high bunch charge
CW & High rep rate Low-medium duty factor

medium emittance st emittance

delivers RF gun performance
with DC gun efficiency

I » . h Radiation Source ELBE 24.11.2005
b orschungszentrum 3. Teichert 3

Rossendorf Mitglied der Leibniz-Gemeinschaft



Superconducting Photo-Injectors

Main Advantage:

low RF power losses & cw operation

Problems and Open Questions:
o Cavity contamination by particles sputtered from
cathode (fast Q degradation, low gradient).

o Specific geometry of the SC cavity (cathode
Insert).Can we reach the high gradient?

« QOperation of the photo cathode itself at
cryogenic temperature.

* [t"s not possible to do the emittance compensation
like in a NC RF gun.
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History of Superconducting RF Photo-Injectors

: : Experimental Results:
1988 first proposal published Cool-down to 4.2 K, photoemission
H. Piel et al., 10th FEL Conf.

E .« =5 7MV/m, FE, dielectric losses
Jerusalem, 1988 P

1991 first experimental setup — Univ. of Wuppertal

A. Michalke, PhD Thesis, WUB-DIS92-5
University of Wuppertal, 1992

2002 first beam from a SRF gun — FZ Rossendorf
D. Janssen et al., NIM-A, Vol. 507(2003)314
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Rossendorf SC 1/2 Cell Photo Gun

nor mal-conducting cathode inside SC cavity

I |r.!|||'i,1_|',1w
A

Cavity:
Niobium ’2 cell, TESLA Geometry
1.3 GHz

— 1

Cathode:
Cs,Te (262 nm, 1 W laser)
thermally 1solated, LN, cooled

Gradient Ez,max 22 MV/m.
At 4.2 K, no change of Q, = 2x108
during operation period
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History of Superconducting RF Photo-Injectors

1988 first proposal published

H. Pidl et al., 10th FEL Conf.
Jerusalem, 1988

1991 first experimental setup — Univ. of Wuppertal

A. Michalke, PhD Thesis, WUB-DIS92-5
University of Wuppertal, 1992

2002 first beam from a SRF gun — FZ Rossendorf
D. Janssen et al., NIM-A, Vol. 507(2003)314

2005 up to now 7 SRF gun projects, currently 4 projects are running
(FZ Rossendorf, Peking Univ., AES/BNL, INFN Frascati)

SRF Photo-Injector for ELBE
funding from EU within CARE/PHIN
Support of German Government (BMBF)
DESY, BESSY, FZR & MBI collaboration
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The radiation source ELBE — 40 MeV, 1 mA, cw linac

FEL user(labs

F

u

F
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Neutrons

Accelerator
electronics

SRF gun

| Channeling

* First beam in April 2001

No:
strahlung 10-100 keV x-rays

...........

®* Nuclear physics experiments are running since January 2002
® Channeling radiation since September 2003
* FEL 1 since May 2004

® FEL 2, neutron & positron beamlines planned for 2006
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Rossendorf SRF Photo Gun Parameters

Normal-conducting cathode inside SC cavity

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

Operation: T=18K

HF frequency: 1.3 GHz

HF power: 10 kW

Electron energy: 9.5 MeV
Average current: 1 mA

Cathode: Cs,Te
thermally isolated, LN, cooled
Laser: 262 nm, 1W
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Rossendorf SRF Photo Gun Parameters

Planned Operation Modes and Beam Parameters

ELBE High Charge BESSY-FEL
Pulse Frequency (CW) 13 MHz <1 MHz 1 kHz
Bunch Charge 77 pC 1 nC 2.5nC
Bunch Length (FWHM) 5 ps 20 ps 50 ps
Peak Current 154 A 50 A 125 A
Average Current 1.0 mA <l mA 2.5 nA
Norm trans. Emittancey (rms) 1.5 um 2.5 um 3 um
E Forschungszentrum Radiatio; Tseiﬁ;ge ELBE ig.ll.ZOOS
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Rossendorf SRF Photogun — 3 %2 Cell Cavity Design

TESLA cells TESLA end2 cup

1.3 GHz, 10 kW

optimized half cell & 3 TESLA cells

E

=50 MV/m (T cells)

z,max_

=33 MV/m (1/2 cell)
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Rossendorf SRF gun
magnetic surface field for E__ =50 MV/m

z (cm)

surfacefield opj/FZRIFWLITei/26.07.05
T
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Rossendorf SRF gun
electric surface field

for maximum axis field E,.=50 MV/m

0 / .
0 10 20 30 40 50
TESLA 500 specification, i.e. E,.. =25 MV/m and Q,=1 x 10%  z(m
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Rossendorf SRF Gun - 3% Cell Niobium Cavity

Niobium RRR 300 (RRR 40)
NbT1 flanges

3 TESLA shape cells

cathode half-cell with 12 mm hole
beam tube:

flange for 10 kW power coupler

2 HOM couplers (TESLA type)

1 pick-up

cathode side:

choke filter with pick-up
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Rossendorf SRF Gun — Cavity warm tuning

Uim |

for “field flatness™ tuning
a bead-pull machine and
.. awarm tuning apparatus was built
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Rossendorf SRF Gun — Cavity warm tuning
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Rossendorf 3% Cell SRF Gun — Cavity & Cathode Cooling

Cathode transfer rod

HOM filter
LN, reservoir

cathode cooler
cathode

choke filter

gun half-cell
He-vessel

e N power coupler
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ELBE SRF Photogun — Liquid N, Cathode Cooling

Test bench
cathode cooler thermal
conductance
measurements,
cathode cathode
temperature?
&
test of the
cathode transfer
LN, reservoir Cone i system
one in cooler
K - centres cathode
- cathode 1s pressed in by spring
- thermal contact of cone surface ?
E Forschungszentrum Radiatio; ii::zr(ie ELBE 52.11.2005
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Rossendorf 3% Cell SRF Gun — Liquid N, Cathode Cooling

r Test bench
for
thermal conductance
measurements,
cathode temperature?

90
[1a] [1b] [1c] [1d] temperature of the cathode at 10 W elec. power
-~ temperature of the copper-cooling body [2]

80 4 - temperature of the liquid nitrogen reservoir [3]

=)

Temperature - 77.35 [K]

2|
. gk
o 180 3600 " 5400
Time [s]

30 W power input to the photo cathode
burdens the cavity with only 31 mW.
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Rossendorf 3% Cell SRF Gun— Cathode Preparation

Preparation
system

Photolayer: Cs,Te

pressure spring

bayonet fixing

cone for
positioning & @10 mm Cs,Te
*I thermal contact layer Technology:
Co-evapor ation process
from CERN, Trautner, Suberlucq, Chevallay
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Rossendorf 3% Cell SRF Gun — Cathode Exchange

gathode tran§fer 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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Rossendorf 3% Cell SRF Gun - Tuning System

)

fffffffff 2] | |l

Half cell TESLA cells

range +0.25mm +0.3mm

resolution 2nm 2nm

load +2250N +2700N

frequency +137kHz +286kHz
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Rossendorf 3% Cell SRF Gun - Tuning System

Tuner test bench
Operation at cryogenic temperature (liquid N.)
Cavity is simulated by a spring
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Rossendorf 3% Cell SRF Gun — Cryomodule design

He & N, ports

T

liquid N shield
vacuum vessel

cathode

| / transfer

Beam line thod
connection e oae
alignment
He vessel cavity alignment
- RF coupler port
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Rossendorf 3% Cell SRF Gun — Cryomodule

— without p-metal shielding
—— shielding inside the kettle
@ p-metal shielding in xy orientation
@ p-metal shielding in xyz orientation

lenght of the p-metal shield

0.1

position of the cavity

iR asuriie

1E-3 At

magnetic field [G]

T L LA R AL R B
20 0 20 40 60 80 100 120 140
position inside the p-metal shield [cm]

Main parts have been delivered:
- vacuum vessel

- magnetic shield

- liquid N, shield

I- Radiation Source ELBE 24.11.2005
b Forschungszentrum

J. Teichert 23
Rossendorf Mitglied der Leibniz-Gemeinschaft



Helium Transfer Line and Distribution Box

iz

the SRF gun cryostat will be connected
to the ELBE He cryoplant (220 W @ 1.8 K)

The 13 m long transfer line (1.8 K He & gas
return) and the distribution box are ordered,
will be installed in Dec./Jan. shut-down.

Courtesy of
Vaculm Specials B.V.

N
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Rossendorf 3% Cell SRF Gun — Diagnostic Beamline

Diagnostics for SC Photoinjector, V 7.1

Cherenkov
Quad +5C 4
Triplkt + Pump

Valve 3 Valve 4

Cathode
Cump 4

EQS +FCup2

CTZ2 BPFM4

EPME 1CT 3

+ Pump

& PUMD Valve 2
10

Stearer 1 X,y 5T 2%y + Foup3 Streak
[ Camera
& pur valve 5
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0.0 0.5 1.0 1.5 2.0 25 a0 35 4.0 4.5 50m
Courtesy of
Current: Faraday cups & ICTs Dirk Lipka, BESSY

Energy & energy spread: C bent magnet

Transverse emittance: slit mask

Bunch length: Cherenkov radiator + streak camera
electro-optical sampling
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Summary

=

Design phase is concluded.
2. Tests of critical components are finished or running
(cavity)

3. Most of the parts are fabricated and delivered
4. Next work: installation of the He-transferline
& cathode preparation systen in clean-room
vertical test of cavity (Q, over E) @ DESY
In 2006 assembling of the gun (deliverable)
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Collaboration:

BESSY, Berlin

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

BINP, Novosibirsk

CERN, Geneva

INFN, Frascati B
ACCEL GmbH, Bergisch Gladbach The ELBE crew

Technische Universitat Dresden (in the Radebeul vineyards,
IfE-Automatisierung GmbH, Dresden near Dresden)

Ingenieurkontor Stephan, Dresden
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