An Improved Model for Photoemission of Space
Charge Dominated Picosecond Electron Bunches:
Theory and Experiment.

S.M. Polozov, V.I. Rashchikov, NRNU-MEPhI , Russia
M. Krasilnikov, DESY, Zeuthen, Germany

NATIONAL
RESEARCH CENTER

"KURCHATOV
INSTITUTE"




PITZ RF gun and photo cathode laser

RFgun: L-band (1.3 GHz) nc (copper)
standing wave 174-cell cavity

Peak rf power: up to 7MW
Ez@cathode: > 60MV/m

Photo cathode (Cs2Te) QE~0.5-5%
Cathode laser 257nm ~20ps




Photocathodes inside the high gradient RF gun
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The field penetrates the entire depth of the semiconductor
film <0.1pm



Charge balance in a semiconductor film

The electron exit rate is determined The rate of positive charge inflow is
by the magnitude of the electric field determined by the difference in carrier
concentrations (Fick law)
ekl 6 j=pve=—eDgradn
v =———=10"m/s L . |
gym The diffusion coefficient D is related

to the mobility of charge carriers u by
the Einstein relation

D=—u
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In the picosecond time range V> V+
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Laser pulse shape
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Radial charge density distribution in the bunch
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Emitted charge time profile
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Positive charge time profile on a semiconductor film
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Gun current( Qinp: 0.4nC, 0.7nC, 1.0nC)

Old model
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Emission curves
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Charge vs. laser pulse energy
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Emission studies: modeling = RF field influence (LT=25%)

m LT = |laser transmission (%)
Q o T] ' LT ) (1 + b\/F) E —field at the cathode (MV/m)

n, b, m — fitting parameters

—>—meas.(LT=25%.3.5MW) LT = LTO = 25% (1nC at MMMG phase for 6MW)
——fitted (LT=25%,3.5MW)

A =r—meas.(LT=25%,6MW)
== fitted (LT=25%,6MW)
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Measurements:
Laser:
» Temporal 2 flattop 2/20\2ps
* Transverse 2 0.3 mm rms
Main solenoid: 400A

Ii Charge measured by LOW.ICT1 < z=0.9m
ITZ

SUMA simulation



Emittance experimental curves and SUMA simulation
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