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[ he Injector configuration. depends upaon the cathode field and,gun voltage

5/ a2 mnnQag,aqbid1 solenoid 2
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The high field (GHz to THz?) RF gun begins with a short bunch and rapidly accelerates it to relativistic
energy and needs only one matching solenoid:

solenoid

‘ _ Analysisdescribed here can be applied to

RF gu linac either configuration Howeverthis talk will
' mostlydiscusshe RFphotoinjector

D. H. Dowel- Jefferson Lab Seminar 2



Emittance -generating precesses vs. distance, from the,cathade-surface.
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Comparison.of :the three surface, emittances
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Effective mass determines;the

Intrinsic emittance-and«QE
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the escape cone angle is larger for
m* > m,this increases QE, but also
increases emittance




- 1 £ 4 = . ) o a - PRI . Intrinsic
StUdIes o1 the :=fective Viass could-1ead to \UHsamall intrinsic -=Emittanc Emittance

Because the effective mass is a tensor it can be described in terms of its longitudinal and transverse components,
y Z N N Z
a- Al A

If an anisotropiccrystalhavingalarged © andaverysmalld * is oriented with its longitudinalaxisnormalto
the surfacethen the larged “ would increasethe QEandthe smalld * would reducethe emittance TheQE
andemittancewritten with the asymmetriceffectivemassesare
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As an example for siliconad® ™o g anda® 1 & ; Thus,for a properly oriented crystal, the intrinsic
emittance is reduced a factor of 2! However,the QE changesvery little and some other meansis neededto
increaseit whichisindependentof the effectivemass / @ YA GG St = WLYyGNRBRdAzOGA 2 fedifich. { 2f AR {

Work on semimetalspossessinghings called Diracpoints and conesillustrateshow the effective masscanbecomezero
near the bottom of a band and how masslesslectronscanbe producedin a material Seefor example,Akrapet al.,
G a | 3 yOpticat Signatureof MasslessKaneElectronsin CB A2, PRL117, 136401 (2016). L Uirf@rtant to study
photoemissiorfrom thesestatesasthey couldleadto ultra-smallintrinsicemittance



. . . . SpaceCharge Emittance due to
Charge:Density Modulations of 'Surface Roughness and QEUNwIormity, Bl xe e

work functionsof grainand crystallineorientationsaswell asdueto local

1 contamination | ‘
' PEEM image of Cu cathode
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SpaceCharge Emittance due to
Non-uniform Emission & Clusterinc

BeamletlViodeltor Spacecharge -Emittance of a lransverse Modulation «of Charge -Densit

Modulation after space
charge expansion

rectangular pattern as shown The transverse space r
chargeforce causeseachbeamletto expandand merge Initial spatial modulation
with its neighboringbeamlets Thisradial acceleration

gives the beamlets additional transverse momentum co0ede ”
leadingto larger emittance for the total beam A basic b bt » g
assumptionof the model is that the transversespace \ m: 304

chargeforce goesto zerooncethe beamletsmergeand 4444

form an approximatelyuniform distribution. Thusafter
merging the non-uniformity becomeswashed out and
the spacechargeemittancebecomesconstant
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SpaceCharge Emittance due to
Non-uniform Emission & Clusterinc

Solution of relativistic radial-egn- of motion with-s for constant-acceleration from-rest

"To¢ D Ok —g —epxmuani

The beam is assumed to initially have zero energy spread and pedéfendent velocity o and energy a p
' e dhe model assumes the electrons begin at rest at the catliodeghd 1) and experience constant acceleration
thereafter due to the applied electric field ® ¢tKS StSOGNRYQa y2NXIEATSR N} GS
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SpaceCharge Emittance due to
Spacecharge emittance: oF a unioerm mesi mearlmlets e Lo Ermizsion & ClvEie

Thenormalizedemittancefor an uncorrelateddistributionin E Epliasespaceis

i

[

assumethe electronsdivergeradiallyfrom the center of eachbeamletand the emissionfrom the finely distributed
beamletsis all the same Thus,the emittanceis due to the beamletdivergenceuniformly distributed acrossthe full

beamareaandis then the beamletdivergencetimesthe full beamsize Thissameapproachis usedto computethe
Intrinsicemittance

andassumethe distributionsin both i andn are uniform, then the rms-valuesof their x and p, distributionsare
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. SpaceCharge Emittance due to

terms of the full beamenveloperadius,

lﬁn

areain unitsof ngor _s
T

Thebeamletcurrentisthe total currentdividedby the numberof beamlets

O _ 0
The emittance is: Close to the cathode:
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n,is the number of modulations or cycles across the diameter
[ Is the cathode field normalized to the electron mdss,

/ is the total beam peak current
Z,is the length of the cathode field

The mesh pattern has € beamlets or current modulations acrossthe beam
diameter The beamlet center-to-center spacingis 4-times the beamletradius Relating
this beamletspacingwith that of the modulationperiod givesthe initial beamletradiusin

[

CE

Sincethe full beam current of all the beamletsis I, the current of a singlebeamlet
would be | divided by the number of beamlets Thenumberof beamletsis the full beam
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