Emittance Compensation in High Brightness
RF Photoinjectors:
an introduction with some application

M.Ferrario
INFN-LNF




> Emittance Compensation Theory

> Split' RF Photoinjector Working Point




Transverse Brightness of Electron Beams
21 A I =peak current
gnxgny m2 rad 2 ¢, = rms normalized transverse emittance

Quality Factor : beam peak current density

normalized to the rms beam divergence angle
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We need high peak current low emittance and maintain
small energy spread all simultaneously ..........BUT..........
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FEL integrates over slippage length L, :
‘slice’ parameters are important




==> Radiation Spikes

Awvwg. Field Powar ws. 7
1. E+11 v v r v v Saturation

-~

1.E-13 |
E -~

Va0 b Exponential Gain e
3 Regime y
1.E+a= | .

1.E-87

1.E405

1.C+@%

Spontaneous =
Emission Regime Feaa |
n

1.E+@3
a

3

1 Eam
per
-

Ez-w
e

e

i a
L« SL L LI B L B |
X

LI NN I XY
Time (162

S 10 1% v ot

Time [151

. = “U
Electron Bunch N ( \ }
Micro-Bunching TErRIATE T |

Istituto Nazionale
di Fisica Nucleare]
aboratori Nazionali di Frasca




Emittance Compensation Theory




Schematic View of: the Envelope Equations




ihe beam undergoees! fwo) regimes; along the accelerator:




Laminar’ Beam-liransverse Space, charge Field
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Emittance Oscillations and Growth are driven

by’ space, charge: dif-ferentiall defocusing
ini core and tailsi off the beam

Px

Projected Phase Space




Simple Case’:l Niransport inl a Long; Selenoid
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Small’ perturbations: around' tihe' equilibrium: solution

S0 +2k’00 =0

Plasma frequency
s E




Envelope) oscillations: drive: Emittance oscillations




Periurbed frajectoriest oscillate around' fihe
equilibritm; wiliht the

buil with




A Spread in' Plasma Frequencies; drives a
Beating| in' Emiilitiance Oscillations

M. Ferrario et al., Recent Advances And Novel Ideas For High Brightness
Electron Beam Production Based On Photo-Injectors, LNF-03-06




On'a longer  time scale
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Beam| subject 1o

Normalized focusing gradient

(solenoid +RF foc.)
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Cauchy Transformation:




Back to Reall World: Invariani; Envelope Solution

This solution represents a beam equilibrium mode that
turns out to be the transport mode for achieving minimum
emittance at the end of the emittance correction process




An| importani’ property of: tihe Invariani’ Envelope

Constant phase space angle:




Laminarity Parameter




Tiypical X-FEL Beam

If €,,=03 mmmrad @ 1 nC
y'=50 m™ [ E,. =25 MV/im

I, =17 kA Q°=1/8 (SW acc. str.)




-Split' RF Photoinjector Working Point




SPARC Working Point

Gun  golenoids

RF sections

<+«

Undulator

1.5m 10.0 m

GUN PARAMETERS

Frequency: 2856 MHz
Peak Field: 120 MV/m
Solenoid Field:  0.27 Tesla
Beam Energy: 5.6 MeV
Charge: I nC

14.5 m

LINAC PARAMETERS FEL PARAMETERS

Frequency: 2856 MHz Wavelength: 530 nm
Accelerating Field: 25-12.5-12.5 MV/m  Coop. Length: 300 um
Solenoid Field: 0.1 Tesla

Beam Energy: 155 MeV

Laser: 11.5 ps x 1 mm (Flat Top with <1 ps rise time)

Thermal emittance 0.3 um




SLAC GUN TEST FACILLTY.




Gun Working, Poinit

M. Ferrario et al., HOMDYN study for the LCLS RF photoinjector, LNF-00-004




Maiiching; Conditions with the Linac




Linac: Working Point;

enxT_[um]




Slice analysisi ofi beam properties
at? the undulator entrance

slice length=310.59 um
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Movable’ Emittance-Meter Experiment:
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Sumitomo Spring 2002 InC

- 1.2 mm.mrad

with “LCLS type” Gun
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> RFE Focusing vsi Magnefic focusing ?

> High Peak Field on/ Cathode’ ?

* Cathode Materials and QE ?

* Q degradation due to Magnetic Field ?




ELSEVIER Nuclear Instruments and Methods in Physics Research A 452 (2000) 34-43
www.elsevier.nl/locate/nima

RF focussing — an instrument for beam quality improvement
in superconducting RF guns

D. Janssen®*, V. Volkov®

'FZ Rossendorf Zentralabteilung, Postfach 51 01 19, D-01314 Dresden, Germany
YBudker INP, 630090, Lavrentev Avenue, 11, Novosibirsk, Russia

#— Beamline Preparation Chamber —j»

(1) Miabium Cawity 51 Ceramie Insulation
(2) Choke Flange Filter &) Thermal nsulalion
{3) Coaling ln=ert 713 Stage Coaxial Filtar
{4y Liguid Mitrogen Tube 8) Cathode Stem
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®,.; - cone angle,
=6°-atrade
¢, ,off for mechanical
stability

Az - cathode stem
displacement from ] \
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Fig. 4. Electric field components in the first cell of the 1.3GHz

Fig. 2. Geometry and the field pattern of the first cell. .
RF gun cavity.
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DEVELOPMENT OF ELECTROPOLSHING TECHNOLOGY FOR
SUPERCONDUCTING CAVITIES

K.Saito”, KEK, 1-1 Oho, Tsukuba-shi, Ibaraki-ken, Japan
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Figure 8: Results of electropolished TTF cavities.




TESTS OF NIOBIUM CATHODE FOR THE SUPERCONDUCTING RADIO
FREQUENCY GUN

Qiang Zhao, Triveni Srinivasan-Rao, BNL, Upton, NY 11973, USA
Mike Cole. Advanced Energy Systems, Medford, NY 11763, USA

Laser Cleaning
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Figure 3: QE of BCP Niobium sample cleaned by 248nm.,
measured by 266nm

Figure 2: Niobium surfaces cleaned with different ps-
YAG laser energy densities, observed under optical
microscope. BCP sample: a) before laser cleaning, b)
laser energy density 0.25mJ/mm”, ¢) laser energy density
0.67mJ/mm* EP sample: d) before cleaning; e) laser
energy density 0.45mJ/mm’
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1 = QuaniumEficiency Limited by the available voltage
hv = PhotonEnergy

¢ = ElectronWorkfFunction
K = Const.
E = AppliedElectricField




DESIGN, CONSTRUCTION AND STATUS OF ALL NIOBIUM
SUPERCONDUCTING PHOTOINJECTOR AT BNL

T. Srinivasan-Rao, I. Ben-Zvi, A. Burrill, G. Citver, A. Hershcovitz, D. Pate, A. Reuter, J. Scaduto,
Q. Zhao. Y. Zhao, BNL, Upton, NY, USA
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H. Bluem. M. Cole, A. Favale, J. Rathke, T. Schultheiss, Advanced Energy Systems, Medtford, USA




* The Solenoid can be placed at the exit of the cavity

- Switching on the solenoid when the cavity is cold prevent any

trapped magnetic field
s E




E
=
=,
N
L)




HOMDYN Simulation

Q =1nC
I R =1.5 mm

L =20 ps

&y, = 0.45 mm-mrad
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E = 60 MV/m (Gun)

E,.. =13 MV/m (Cryol) E

I =50A
120 MeV

[mm-mead) * B =19kG

(Solenoid)

¢ =0.6 mm-mrad




CONCLUSIONS

* Work in progress @ BNL to demonstrate Nb QE ~ 10
@ 60 MV/m




