
Superconducting Photoinjectors
John Smedley

Superconducting RF photoinjectors
– What are they? How do they work?
– Why are they interesting?
– SRF cathode options

• RF choke joint
• Superconducting photocathodes

RF Cavity Tests
– Niobium cavity results
– Lead/niobium RF tests
– Photoemission Tests
– Quench Test
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Why Superconducting?

• Allows true CW operation (RF duty factor 
100%), while maintaining high (20+ MV/m) 
gradient

• High gradient needed to overcome space 
charge of bunches with high peak current 
density

• Thermal management much easier than “Room 
Temperature” CopperJ. S e ku to w ic z, e ta l. ; Pr o p o s e d c o n t i n u o u s wa v e e n e rg y r ec o v e r y o p e r a t i o no fa nx - r a y fr e e e l ec tr o n la s e r , P h y s. R e v. ST Ac c e l. B ea m s 8, 01 07 01 (2 0 05 )



Ø Use the niobium wall as a cathode
Simple, but low Nb QE limits currentJ. S me dl e y, T. Ra o , a n d Q. Zh a o , J. Ap p li e dP h ys i c s 98 , 04 31 1 1 2 0 05

Ø Use an RF choke-joint to allow non-SC cathodes
Enables use of Cs2Te, Cs3Sb (and others)D. J a n s s e n e t a l . , Nu cl . I n s tr . A n d M e th . I n P h ys . Re s . A4 4 5 ( 2 0 0 0) 4 08- 4 1 2.A. Mi c h a lk e e t a l . , “F i r s t O p e r a ti o n o f th e Hi gh Qu a n tu m E f fi ci e n c yP h o t o ca th o de s I n s i deSu p e r- c o n du c ti n g Ca vi ti e s ” , EP A C9 2 , 1 01 4

Ø Coat niobium in cathode region with another 
superconductor (lead), with better QE

Cathode Options for SCRF Injector



Choke Joint CavitiesCa t ho de de po s i te d o n to as te mS te mc o o l e d (L N2 o r H e )Re qu i re s l o a d- l o c kS te m t he r m a l ly i so l a te dU se f i l te r to b l o c k RF c o u p l i ngto c a t ho de s te m
W u p p e r ta lU n i v e r s i t y, 19 9 2



Planned Choke Injectors
Rossendorf 1.3GHz 3.5 cell



Planned Choke Injectors
Rossendorf 1.3GHz 3.5 cell



Planned Choke Injectors
Rossendorf 1.3GHz 3.5 cell

J. T e ic h e r t, e ta l , E P A C 04



Planned Choke Injectors
Rossendorf 1.3GHz 3.5 cell

Co ax i a l tr ap f i l te rD e s ig n c a l l s fo r Ptr < 1 % o f Pdis s , Qex t = 10 12A. Ar n o l d , e ta l. E P A C 06



Planned Choke Injectors
Rossendorf 1.3GHz 3.5 cell



Planned Choke Injectors
BNL/AES 703 MHz ½ cell 

I r i s d ia 9 . 5 c mr / Q 9 5 . 0 ΩE p / Ea 1 . 4 3B p / Ea 2 .9 6 ( m T / ( MV / m ) ) R. Ca la g a , P hD T h e s i s



Planned Choke Injectors
BNL/AES 703 MHz ½ cell H ig h C ha rg e H ig h C u r r e n tf[ M H z ] 7 0 3. 7 5 7 0 3. 7 5q /b u n c h [ n C ] 5 0. 7ε n[ μ m r a d ] <1 0 2E [ M eV ] 2 . 5 2 . 5P b[ M W ] 0. 1 1I b[ A ] 0. 05 0. 5f re p [ M H z ] 9 . 4 3 5 2Ca t h o d e C s K 2 S b w / D ia m o n d A m p l i f i e rQ E [ % ] 1 ( 5 3 2 n m ) , 5 ( 3 5 5 n m ) x 1 0 0

V la d i m i r N. L i t v i n e n ko , e ta l , P A C 07



Planned Choke Injectors
BNL/AES 703 MHz ½ cell

K2CsSb performance in deposition chamber
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Planned Choke Injectors
IHIP (Peking University) 1.3 GHz DC/SRF

F i r s t 4 0 k eV g a i n e d i n D Ca c c e l e r a to r8 m m d ia m e t e r d r i f t t u b e s e r v e sa s R Fi s o la t i o nJ. Ha o , e ta l. , N I M A 5 5 7 (2 0 06 ) 1 3 8



Hybrid Cavity Options

Plug Gun (Jlab)1. 4 2 GH z n i o b iu m c av i ty w /r e m o v a b l e p l u gQ0 = 3x 1 0 9 w /N b P l u g
P. Kne ise l,e ta l . , PAC 05

DESY Gun1. 3 GH z n i o b iu m c av i tyQ0 = 1x 1 0 1 0 w /o Le a d P l a t i n g



Hybrid Cavity Options

Plug Gun (Jlab)1. 4 2 GH z n i o b iu m c av i ty w /r e m o v a b l e p l u gQ0 = 3x 1 0 9 w /N b P l u g DESY Gun1. 3 GH z n i o b iu m c av i tyQ0 = 1x 1 0 1 0 w /o Le a d P l a t i n g
TEST # 7  Nb-Plug
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DC Room Temperature Photoemission Results

J. Sm e dl ey, T. Ra o, J. S e ku t ow ic z P h y s. R ev . S TA c c el . B ea m s 1 1, 01 35 02 ( 2 0 08 )



Cavity Tests

Nb-Pb Half-cells

 Status March 07
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J la b Ha l f - C e l l D E SY Ha l f - C e l l

Ca v i t i e s m o u n t e d u p s i d e d ow n i n V TA c ry o s ta tP b d o e s n o t c h a ng e Q o r p ea kF i el dP ea kf i el d of P b c a v i ty w o u l d b e 1 7 M V /mJ . Sm e d le y,e ta l . , PAC 07J . Sm e d le y,e ta l . , ERL 07J . Se ku to w icz ,e ta l . , PAC 07



Optical Layout in ShieldL as er P a r a m e t er s24 8n m ( 5e V )6 m J /p u ls e5. 3 n s FW HM1 50 Hz ( 20- 2 50 )No t sy n c hr o n iz e dL ay ou t6 m tra n s p o r t2. 7 m in cry o s ta t1. 5 m le n s1: 1 i ma g in g o f ir is3 m J /p u ls e o n ca t ho dew / ir is o p e n



Charge Measurement

P u m p
La s e r W i n d o w

E l ec tr ic a lI s o la t i o n
Ca v i t y

P h o t oc u r r e n t f o r b o t h c a v i t i e s m ea s u r e di n J l a b V e r t ic a l T e s t A r ea , by i s ol a t i ng t h ec a v i ty a n d m o n i t o r i ng t h e c u r r e n t l ea v i ngQE f o r el ec t r o pl a t e d l ea d pl u g i n Jl a bc a v i ty w a s 1 . 6x 1 0- 4 ( @ 2 48 n m ), i n l i n ew i t h ex p ec t e d p e rf o rm a n c eQE f o rA rc d e p o s i t e d l ea d c a t h o d e i nD E SY c a v i ty w a s 1 . 4x 1 0- 4 ( @ 2 48 n m ),l ow e r t h a n ex p ec t e d, p o s s i bl y d u e t ou n ev e n l ea d c oa t i ngC e ra m icB r ea k La s e rCa t h o d e Ar eaA



E RL Wo r k s h o pD a re s bu ry0.1

1

10

100

0.00 1.00 2.00 3.00 4.00 5.00

Peak Electric Field (MV/m)

n
A

0.0E+00

2.0E-05

4.0E-05

6.0E-05

8.0E-05

1.0E-04

1.2E-04

1.4E-04

1.6E-04

Photo Current

Dark Current

F-N Fit

QE

Q
E

 

DESY Cavity, Arc-Dep Cathode
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 Exit-up cavity orientation
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•

I r ra d i a te N b w a l l w i t h fu l l l a se r e ne rg y
–

N b , b e c au s e t h i s e n e r g y m ig h t e v ap o r a t e P b w / f i e l d o n
•

1 m J (2. 9x 3 m m2 ) & 2. 9 m J (4 x 5 m m2 ) pe r pu l se
•

Va ry re pe t i t io n ra te, o b se rv e Qc h a ng e
•

Q d ro p s ~2 0- 3 0% , n o e v i de nc e o f qu e nc h
•

N o s t ro ng de pe n de nc e o n re pe t i t io n ra te
•

Co o pe r p a i r s re c o v e r i ng be t we e n s ho t s
•

F ro m t he o ry, we e x pe c t t h i s re c o v e ry t i m e to be ~ 1μ s

•

Go o d ne w s fo r 1 M Hz o pe ra t io n a t ~ 3 J / pu l se
Electroplated Plug Quench Test

0. 7 W o n c a t h o d e
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Summary

•

N io b iu m, a l t ho u g h a g re a t su pe rc o n du c to r, i s a re l a t i v e lypo o r p ho to c a t ho de

•

F o r m o de ra te a v e ra g e c u r re n t s ( ~ 1 m A ), l e a d p l a t i n g t hec a t ho de m a y be a n a t t ra c t i v e a l te r n a t i v e to m o rec o m p l ic a te d o p t io n s (e. g. c ho ke jo i n t, c a t ho de lo a d - lo c k )
•

F o r h ig h a v e ra g e c u r re n t s, c ho ke de s ig n s pe r m i t t h e u se o fh ig h - QE se m ic o n d u c to rc a t ho de s ( l i fe t i m e ? )
•

L e a d do e s no t g re a t ly a f fe c t RF pe r fo r m a nc e
•

2. 9 m J / pu l se @ 2 5 0 Hz i s i n su f f ic ie n t to c a u se q u e nc h
•

Pe r fo r m a nc e o fc a t ho de s i n RF c a v i ty i sc o n s i s te n t w i t hD Cm e a su re m e n t s
•

J l a b P l u g g u n o pe n s po s s i b i l i ty o f te s t i ng o t he r m a te r i a l s(Y B CO , M g B2, P b- S n… )


