An Improved Model for Photoemission of Space
Charge Dominated Picosecond Electron Bunches:
Theory and Experiment.
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Photo Injector Test facility at DESY, Zeuthen site

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~0.5-20%
Bunch charge up to 5nC

Cathode laser 257nm ~20ps (FWHM )
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Typical characteristic measurement at Charge vs. laser pulse energy optimized
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Emission curves measured at PITZ (red /
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Photocathodes inside the high gradient RF gun

Field penetration depth

- -9 _aN
2eg, 2eg,
Mo substrate Cs:Te Vacuum To compensate EO10'V / m
i 2 e 1N = 10"em ™2 p=10"cm™
d=N/p=1um

The field penetrates the entire depth of the semiconductor
film <0.1um



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)
b = ekt .- Derad
- =T = pvy =—eDgradn
erm J=pvs g

The diffusion coefficient D is related
to the mobility of charge carriers u by
the Einstein relation

D=—u
e

In the picosecond time range V> V+



Photocathode laser pulse temporal profile
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Radial charge distribution in the photocathode
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Emitted charge temporal profile
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Positive charge temporal profile in a semiconductor film
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Emission curves

Typical characteristic measurement at
a photo injector: emission curve —
accelerated bunch charge as a function
of the photocathode laser pulse
energy (~input charge at the cathode)

Saturation due to the space charge- | —
limited emission = charge losses at
the photocathode due to a partial
virtual cathode formation during
emission process
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Emission studies: modeling = RF field influence (LT=25%)

m LT = laser transmission (%)
Q X T] " LT " (1 + b\/F) E —field at the cathode (MV/m)

n, b, m — fitting parameters

—>=meas.(LT=25%.3.5MW) LT = LT0 = 25% (1nC at MMMG phase for BMW)
——fitted (LT=25%.3.5MW)

—r—meas.(LT=25%,6MW)
== fitted (LT=25%,6MW)
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SUMA simulation



Emittance experimental curves and SUMA simulation
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Fig. 13. Minimum geometric mean emittance (&) as a function of a charge cut
starting from the lowest density tails in the phase-space distribution for a bunch
charge of 1, 0.5, 0.25 and 0.1 nC. The 100% emittance values reported here are for a

charge cut 0% (no charge cut).
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Emittance variation along the gun length
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dr/dz, mrad

Emittance and energy spectrum at the output of the gun
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Bunch and fields in the gun

STEP 1197 SORT 1 L=0.00914529 7Z=0.02731843 VMAX=284170240. VMIN=0.00000000 W=1281920.00

Ez-red Er-blue R=6 WI1=1522779.3 W0=1025074.5 ZMEN=0.02287590 RMEN=0.00194200 RMAX=0.00313350
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Bunch and fields in the gun




Conclusions

A new model of the photoemission from a semiconductor photocathode in a space
charge dominated regime was proposed and implemented in SUMA code

It implies a finite rate of the positive charge flow in the photocathode film which
(partially) compensates the space charge field of the emitted electrons

The new model was applied to the experimental data at the PITZ RF photogun
operated in a space charge dominated regime corresponding to the high brightness
performance of the photoinjector

The results show better agreement of the newly proposed model with
experimental data than the old model

Further investigations are ongoing..



Thanks for attention !
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