
Introduction and brief status report of
JRA2 "PHIN" 

Charge production with 
photo-injectors

L. Rinolfi 
on behalf of PHIN collaboration

PHIN  Collaboration Meeting Hamburg  3rd November 2004



3rd November 2004 PHIN Collaboration Meeting

PHIN Collaboration Meetings

First PHIN Collaboration Meetings
CERN - 19 November 2003
Kick off of PHIN

Second PHIN Collaboration Meetings
Frascati  - 5 May 2004
In parallel with ELAN Workshop

Third PHIN Collaboration Meetings
Hamburg - 3 November 2004
In parallel with CARE general meeting
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Institute Acronym Country Coordinator
PHIN Scientific 

Contact
Associated 

to
CCLRC Rutheford Appletone Lab. CCLRC-RAL UK P. Norton J.G. Hirst

CERN Geneva CERN CH G. Guignard G. Suberlucq

CNRS-IN2P3 Orsay CNRS-LAL F T. Garvey G. Bienvenu CNRS

CNRS Lab. Optique Appl. Palaiseau CNRS-LOA F T. Garvey V. Malka CNRS

ForschungsZentrum ELBE FZR-ELBE D J. Teichert J. Teichert

INFN-Lab. Nazionali di Frascati INFN-LNF I S. Guiducci A. Ghigo INFN

INFN- Milan INFN-MI I S. Guiducci I. Boscolo INFN

Twente University- Enschede TEU NL J.W.J. Verschuur J.W.J. Verschuur
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PHIN Main Objectives

• Perform Research and Development on charge-production by interaction of 
laser with material within RF field and improve the existing infrastructures in 
order to fulfil the objectives. 

• Coordinate the efforts done at various Institutes on photo-injectors and carry out 
validation tests.

The goal is to produce long trains of high charge 
electron pulses with an unprecedented stability in term of 
pulse-to-pulse charge and  with brightness unachievable with 
conventional thermionic gun and to explore alternative ways 
for photoelectron production.
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The photo-injector PHIN 

Lasers

RAL (GB)

LAL (F)

LOA (F)

CERN (CH)

INFN (I)

RF guns

LAL (F)

FZR (D)

INFN (I)

Alternative 
ways

LOA (F)
TEU (NL)

Photocathodes

CERN (CH)

FZR (D)

TEU (NL)



3rd November 2004 PHIN Collaboration Meeting

CTF3 Drive beam photo-injector at CERN

Superconducting photo-injector for ELBE

Plasma photo-injector

R&D for high brightness photo-injectors:
vFuture linear colliders
vFEL: SPARC, TEUFEL, ...

PHIN JRA main tasks
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Work-package 2:  Charge Production (CP)
Development of semiconductor photo-cathodes with improved properties, 
especially lifetime and quantum efficiency.

The 4 work-packages

Work-package 3 - Lasers (LAS)
Design and development of laser system for the CTF3 photo-injector.
Investigation and test systems for complicated, ultra-fast, optical waveforms 
according to user specifications, as those for the new generation of FEL, with 
benefits for linac photo-injectors.

Work-package 4 - RF guns and beam dynamics (GUN)
Development of RF guns for high charge and high average current or very short 
pulses. Improvement of associated test stands. Spin-off for high power light-sources 
expected. 

Work-package 1:  Management and communication (M&C)
Coordination of the work for the entire JRA. 
Dissemination of knowledge within the JRA and CARE project.
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C L I CC L I C
The photo-injector for CTF3 (CERN)

RAL (GB)

High power 
Laser

LAL (F)

3 GHz RF gun

Beam dynamics

CERN (CH)

Photocathode

Timing

RF power

Laser beam 
transport

Installation

2332 e- bunches spaced by 667 ps ; σ = 4 ps ; Qbunch = 2.33 nC

Pulse length = 1555 ns ; <I> = 3.5 A; ε < 20 mm.mrad; f = 1 to 50 Hz
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Measured life time of photo-cathodes at CERN
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Strong improvement of the dynamic pressure in the RF gun is mandatory

Cs2Te photo-cathodes G. Suberlucq
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• The rejuvenation of the preparation 
chamber is completed.

• A new bake-out installation, clean-room 
compatible, is designed and ordered. 
Installation finished for the end of 
November 2004.

Photo-cathodes laboratory at CERN
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Existing CTF 3 Tunnel

CTF 2 Hall

5 m

Optical table
1.5 x 3.5 m

RF test stand

Photo-injector test stand

D
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p

MPC

T
C

D
um

p

Sas

CTF3
Laser-room

Internal dimensions ~ 12x6 m

Future installations for the CTF3 photo-injector 

Laser beam

5 MeV ; 3.5 A ; 1.5 µs ; 10 Hz

30 GHz , 200 MW , 150 MV/m
400 ns , 50 Hz 
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Cavity: Niobium 3+½ cell  (TESLA Geometry)
Choke filter

Operation: T = 1.8 K
Frequency: 1.3 GHz
HF power: 10 kW

Cathode: Cs2Te
thermally insulated, LN2 cooled

Laser:  262 nm, 1W

Pulse frequency: 13 MHz &  < 1 MHz
Bunch charge: 77 pC &     1 nC

Electron energy: 10 MeV
Average current: 1 mA

Basic Design for ELBE SRF Photogun

J. Teichert
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Status: Design finished in Spring 2004
Fabrication of 2 (RRR 40 & 300) cavities at ACCEL GmbH

e- beam welding has still to be done

ELBE SRF-gun cavity
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Summary: SRF Photogun ELBE

Cavity:  Design finished
Fabrication of 2 (RRR 40 & 300) cavities at ACCEL GmbH
Delivery in December 2004

A third cavity by Peking University (Chinese  RRR 150 Nb). 
Cavity tuners: Fabrication finished

Tests in preparation
Cathode cooling system:

Design finished, in fabrication
Cathode transfer system:

Design finished
Cathode preparation chamber:

Design finished
Fabrication finished
Assembly and tests started 

Cryomodule: Design finished in July, in fabrication.
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• A thorough inventory is made of photo-cathode work
– Semiconductor Cathodes
– Alkali-halide Cathodes
– Metal Cathodes

• An inventory on diagnostic methods
– Ellipsometry

• Preparation of Laser Wake Field Accelerator
– injection of electrons in plasma channel from photo-injector

– Compression of electron bunch by wake created behind laser 
pulse

Overview available on website

Summary: photoSummary: photo--cathodes cathodes 
andand LWFA  (TEU)LWFA  (TEU) University of Twente

J.W. J. Verschuur
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CTF3CTF3 Laser system layout Laser system layout 

2ω4ω Optical gate 
(Pockels cell)

1.4 µs

Energy stabiliser
(Pockels cell)

200 µs, 5-50 Hz

15 kW
10 µJ/pulse

~2332 pulses
370 nJ/pulse

~2332 e- bunches
2.33 nC/bunch

Feedback 
stabilisation

Beam 
conditioner

1.5 GHz
Nd:YLF 

oscillator +
preamplifier

10 W

6.7 nJ/pulse

400 µs, 5-50 Hz

Diode pump 18 kW pk

3 kW

2 µJ/pulse

3-pass Nd:YLF 
amplifier

x300

200 µs, 5-50 Hz

Diode pump 22 kW pk

3 pass Nd:YLF 
amplifier

x5

< 0.25 % rms

G. Hirst
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CARE PHIN Activities May-October 2004

•Laser oscillator and preamplifier specification prepared (with CERN) 

• Laser oscillator order placed

•Laser amplifier re-staging to allow 50Hz operation within thermal limits

•Preliminary survey and specification of amplifier pump diodes

•Preliminary design of laser head

•Re-analysis of “steady-state” approach in the light of advisors’ suggestions

•Ramp-up of staff effort on the programme

Summary:  Laser  (RAL)Summary:  Laser  (RAL)
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• The goal is to obtain rectangular laser pulses of 10-30 ps with fast 
rise time starting from a “gaussian” laser pulse. Two technologies are 
investigated SLM (Spatial Light Modulator) and Dazzler-AOPDF 
(Acoustic Optics Programmable Dispersive Filter).

• Laser source and diagnostics tools for the pulse shaping program
have been built.

• Teory for the SLM (phase modulator only) developed.

• About the referee comment of using the system of Politecnico of 
Milano: This system has only few temporal windows and no 
availability

=> INFN Milano has to develop his own system.

Main results for pulse shaping at INFN

S. Cialdi
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Flat top pulse: 
-10 ps,
-rise time < 0.8 ps
-ripple < 20 %.

The Dazzler is able to 
produce arbitrary and 
very reproducible 
temporal profile

Main results for pulse shaping at INFN

Dazzler experiment

C. Vicario
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Laser

Gas-Jet

Electron beam generation in underdense plasmas

Electron Beam

Nozzle

Plasma

V. Malka
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Experimental setup : single shot measurement
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•Laser plasma particle acceleration has been demonstrated
• Mono-energetic beam obtained at 170 MeV
• Charge 500 pC

•Change of strategy  => use a compact GeV spectrometer

• Spectrometer already designed

• Electron sources up to ≤ 1 GeV (nC, <1 ps)

Summary: new photoelectron source  (LOA)Summary: new photoelectron source  (LOA)
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3 GHz RF GUN

G. Bienvenu
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Three new improvements:

1) Racetrack shape for the third cell
= > Gives a symmetric of  E  field

2) NEG pumping
= > Gives better vacuum

3) Solenoids around the gun
= > Gives lower emittances

Half view of 3-D model of the 3 GHz RF gun 

Solenoids

RF 
inputPhotocathode

R. Roux
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Electric field from
2D design

PARMELA
E (MeV)
εx(πmmmrad)
σx (mm)
σz (mm)
σγ /γ (%)
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Beam dynamics for the RF gun at LAL
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1) RF gun
Ø Simulations completed and technical drawings for prototype ready.
Ø Technical drawings of preparation chamber almost finished

=> (Delays due to improvements in RF gun design, vacuum and 
magnetism)  

2) Laser
Ø Technical specifications written.

3) NEPAL test stand
Ø RF source: synchronization laser with new RF pilot almost finished.
Ø Klystron available (waiting for a modulator).
Ø Radiation safety under discussions.

Summary: RF gun and beam dynamics (LAL)Summary: RF gun and beam dynamics (LAL)
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MS Project chart for the next 2 yearsMS Project chart for the next 2 years
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MS Project chart for the next 2 yearsMS Project chart for the next 2 years
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Dissemination knowledge  (Not exhaustive)

REPORTS ON PHOTOCATHODES

Overview of the present status of the SRF gun design and construction, 
J. Teichert et al., FZR,  May 2004 CARE-Note-2004-010-ELAN

Report on photo-cathodes, 
Jochen Teichert, Rong Xiang / FZR, Guy Suberlucq /CERN, J.W.J. Verschuur / TEU,
CARE Report, PHIN Web pages (http://www.infn.it/phin)

Normal-conducting cathode inside SC cavity,
D. Janssen et al., NIM A507(2003)314

Technological Challenges for High Brightness Photo-injectors, 
G. Suberlucq (CERN, Geneva)  EPAC 2004 Lucerne (Switzerland).

A Superconducting Photo-Injector with 3+1/2- Cell Cavity for the ELBE Linac
J. Teichert et al. (FZR, Dresden) EPAC 2004 Lucerne (Switzerland).
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Dissemination knowledge       (Not exhaustive)

REPORTS ON RF GUNS AND BEAM DYNAMICS

REPORTS  ON  LASERS

Laser Temporal Pulse Shaping Experiment For SPARC Photoinjector
C. Vicario et al. (LNF, Frascati) EPAC 2004 Lucerne (Switzerland).

Features of a phase-only shaper relative to a long rectangular ultraviolet pulse, 
S. Cialdi, I. Boscolo and A. Flacco, J. Opt. Soc. Am. (2004) 1693.

A laser pulse shaper for the low emittance radiofrequency SPARC electron gun, 
S. Cialdi, I. Boscolo, Nucl. Insrtrum. Meth.  Phys. Res. A (2004) 239-248.

A laser-plasma accelerator producing  monoenergetic electron beam
J. Faure et al., Nature , September 2004

Design of a RF Photo-Gun.
R. Roux, G. Bienvenu, C. Prevost, B. Mercier (LAL-Orsay), CARE Report, PHIN Web pages

(http://www.infn.it/phin)
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JRA2
Participant (cost 
model)

Permanent 
Staff 
including 
indirect 
cost 
(Euros)

Additional 
Staff 
including 
indirect 
cost 
(Euros)

Durable 
Equipment 
including 
indirect 
cost 
(Euros)

Consumables 
and 
Prototyping 
including 
indirect cost 
(Euros)

Travel 
including 
indirect 
cost 
(Euros)

Expected 
costs 
including 
indirect 
cost 
(Euros)

Direct cost
Subcontrac

t
Indirect 

cost

Requested 
funding 
(Euros)

CNRS-Orsay 636,000 100,000 250,000 262,000 8,000 1,256,000 1,046,667 0 209,333 490,000
CNRS-LOA 157,000 50,000 0 110,000 5,000 322,000 268,333 0 53,667 165,000

CNRS(FCF) 793,000 150,000 250,000 372,000 13,000 1,578,000 1,315,000 0 263,000 655,000

9 FZR-ELBE(AC) 0 100,000 0 100,000 5,000 205,000 170,833 0 34,167 190,000
INFN-LNF 0 65,000 0 55,000 15,000 135,000 112,500 0 22,500 135,000
INFN-Mi 0 75,000 0 36,000 4,000 115,000 95,833 0 19,167 115,000

INFN(AC) 0 140,000 0 91,000 19,000 250,000 208,333 0 41,667 250,000

11 TEU(FC) 117,000 83,000 0 48,000 2,000 250,000 125,000 0 125,000 125,000

17 CERN (AC) 0 25,000 0 795,000 10,000 830,000 691,667 0 138,333 790,000

20 CCLRC-RAL (FC) 31,000 227,000 0 0 5,000 263,000 116,000 0 147,000 80,000
Grand total 941,000 725,000 250,000 1,406,000 54,000 3,376,000 2,626,833 0 749,167 2,090,000

Estimated budget for the first 18 first months (January 1st 2004 to June 30 2005)

3

10

Requested budget (January 2004 to June 2005)

For 18 months
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Engaged budget (January 2004 to December 2004)

JRA2
Participant (cost 
model)

Permanent 
Staff 
including 
indirect 
cost 
(Euros)

Additional 
Staff 
including 
indirect 
cost 
(Euros)

Durable 
Equipment 
including 
indirect 
cost 
(Euros)

Consumables 
and 
Prototyping 
including 
indirect cost 
(Euros)

Travel 
including 
indirect 
cost 
(Euros)

Expected 
costs 
including 
indirect 
cost 
(Euros)

Direct cost
Subcontrac

t
Indirect 

cost

First 
received 
payment 
(Euros)

CNRS-Orsay 160,615 5,480 4,175 2,890 0 173,160 144,300 0 28,860 346,117
CNRS-LOA 72,904 18,000 0 128,000 0 218,904 182,420 0 36,484 145,000

CNRS(FCF) 233,519 23,480 4,175 130,890 0 392,064 326,720 0 65,344 491,117
9 FZR-ELBE(AC) 0 43,980 0 48,707 2,973 95,660 79,717 0 15,943 142,500

INFN-LNF 0 27,300 0 2,100 11,275 40,675 33,896 0 6,779 101,000
INFN-Mi 0 11,000 0 15,196 0 26,196 21,830 0 4,366 86,250

INFN(AC) 0 38,300 0 17,296 11,275 66,871 55,726 0 11,145 187,250
11 TEU(FC) 30,000 0 0 0 2,000 32,000 0 0 32,000 93,000
17 CERN (AC) 0 13,000 0 340,000 0 353,000 294,167 0 58,833 592,500
20 CCLRC-RAL (FC) 14,427 39,385 0 0 1,996 55,808 24,318 0 31,490 60,000

Grand total 277,946 158,145 4,175 536,893 18,244 995,403 780,648 0 214,755 1,566,367

Excecuted budget for the first 12 months (January 1st 2004 to December 31 2004)

3

10

For 12 months
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Estimated budget (January 2005 to June 2006)

For the future 18 months

JRA2
Participant (cost 
model)

Permanent 
Staff 
including 
indirect 
cost 
(Euros)

Additional 
Staff 
including 
indirect 
cost 
(Euros)

Durable 
Equipment 
including 
indirect 
cost 
(Euros)

Consumables 
and 
Prototyping 
including 
indirect cost 
(Euros)

Travel 
including 
indirect 
cost 
(Euros)

Expected 
costs 
including 
indirect 
cost 
(Euros)

Direct cost
Subcontrac

t
Indirect 

cost

Requested 
funding 
(Euros)

CNRS-Orsay 525.000 75.000 250.000 197.072 5.000 1.052.072 876.727 0 175.345 527.072
CNRS-LOA 120.000 84.000 0 170.000 5.000 379.000 315.833 0 63.167 259.000

CNRS(FCF) 645.000 159.000 250.000 367.072 10.000 1.431.072 1.192.560 0 238.512 786.072
9 FZR-ELBE(AC) 0 120.000 0 52.800 7.200 180.000 150.000 0 30.000 180.000

INFN-LNF 0 75.000 0 100.000 15.000 190.000 158.333 0 31.667 190.000
INFN-Mi 0 75.000 0 80.000 5.000 160.000 133.333 0 26.667 160.000

INFN(AC) 0 150.000 0 180.000 20.000 350.000 291.667 0 58.333 350.000
11 TEU(FC) 117.000 83.000 0 70.000 2.000 272.000 150.000 0 30.000 120.000
17 CERN (AC) 0 50.000 0 650.000 15.000 715.000 595.833 0 119.167 715.000
20 CCLRC-RAL (FC) 52.200 210.000 0 0 5.600 267.800 114.900 0 152.900 60.000

Grand total 814.200 772.000 250.000 1.319.872 59.800 3.215.872 2.494.960 0 628.912 2.211.072

3

10
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