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LIST OF SYMBOLS USED 

= anode to earth stray capacity 

= anode to cathode stray capacity 

= cathode to earth stray capacity 

= positron energy 

= circulating positron current 

= average accelerated intensity 

= coasting beam intensity 

= specific photo-electric current emitted from 
the cathode 

= photo electron current emitted from the cathode 

= individual anode currents 

= individual gap currents 

= total cathode current 

= distance between bending magnet and cathode 

GeV-1 mA-
1

] = number of photons received ?er s per GeV and 
per mA of circulating beam 

= number of photons emitted per s and per rn of 
beam trajectory 

= number of circulating positrons 

= total number of photons received by each 
cathode during one acceleration cycle 

= nt1,11ber of photons ::-ecei•;ed by surface S per __, 

= total charge eraitted jy a ?articular cathode 
during 0ne acceleration cycle 
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; distance between cathode and centC"al �xis 

= suC'face C'eceiving photons 

= cathode potential 

= incident angle of photons 

= angle of photon emission 

= coefficient foC' the emission of photo­
electr-ons 

= C'adius of cur-vature of a SPS bending magnet 

= time constant of the pC'ompt spark rate 

= time constant of the C'etar-ded spark rate 

.. 
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INTRODUCTION. 

The first acceleration tests with positrons in the 3PS have shown 

that above a certain energy, roughly 6 GeV, the electrostatlc septa 

set-in to spark at a very high rate. 

This behaviour was not entirely unexpected, taking into account the 

amount of synchroton light hitting the e.s. septa and the resulting 

photo-electric current between the electrodes. But there remained the 

question of relating these phenomena to a spark mechanism. It was then 

decided to build and to equip the first of the five septum units in one 

extraction channel, LSS6, with a "shutter". Such a device consists of a 

3 mm thick tungsten screen which, during the positron cycles, is raised 

in front of the septum to intercept the synchroton light generated 

upstream. During the proton cycles, the shutter is lowered to allow the 

extracted p-beam to pass, see Fig. 1. 

This note describes and analyzes the very high spark rates which have 

been recorded during the machine development runs in September and 

October 1987. Novel characteristic features such as prompt sparking 

during the positron cycles and retarded sparking, which occurs throughout 

the supercycle, are discussed. The shutter is shown to prevent all 

sparking in the first septum. 

A large number of questions concerning these characteristics and the 

trigger mechanism of sparks remain to be answered. Further studies and 

experiments are therefore required. 

Since the prototype perfor:ned efficiently, it was decided to 'cluild 

:nore shutters and to equip :nore septum units 1n the two extraction 

channels LSS2 and LSS6 during the 37/88 winter shutdown. 

The results :nentioned in this note 

whether the JOO kV de power s�pplies used 

bear ?artly an the quest�on 

for the septa should �e ?ulsed 

instead of using a system sf �cbile shut:�rs. 
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Fig. 1. - ?osition and displacement of the shutter. 
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2. ESTIMATION OF THE NUMBER OF PHOTONS RECEIVED BY THE CATHODE AND OF 

THE PHOTO EMISSION CURRENTS. 

The number of photons of mean energy emitted from the circular path 

of the orbit of the SPS, radius p = 741.3 m, is : 

(1) 

where i is the current of the circulating positrons (resp. electrons) and 

E their energy. 

According to Fig. 2, the number of photons of mean energy, received 

on a surface Sin a straight section i3 : 

p d.B (2) 

The geometry of the e. s. septum is shown in Fig. J. The number of 

photos received by the various cathodes may be calculated assuming that 

the anode is transparent for the incoming photons. This is not entirely 

true because the tungsten wires are O .1 mm thick and spaced at 1. 5 mm. 

The calculated numbers are given in Table 1 

Line 1 n = N /E * i, the number of photons received per 
y y 

second, GeV and mA. 

Line 2 the number of photons N per second for the maximum 
y 

positron energy of 20 GeV and the nominal positron current i of 

0.45 mA (8 bunches of 8 * 10� positrons each). 

For estimating the current I of photo-electrons emitted from the 

cathode, the following relation is used 

I =  N 6 e / sin a 
"( 

( ') ' 
. ., ) 

where e = 1.6 
-i9 * 10 A s, is the coefficient for the emission 0f 

photo electrons and a �he angle of .incident photons. 
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• 2. - Geomet ry of synchroton light emission. Fig. _ _ 
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Fig. 3. - Geo�etry of the electrostatic sPnta neglecting ��e 

sept�� wires and the 3hadow cast )Y t�e shutter.· 
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11 ZSl I ZS2 I ZS3 I ZS4 I ZSSI 
P A R A M E T E R I l-----------!-----1--- --1-----1----1 

I !FrontjSide !Side !Side I Side jSidel 
11 __ 1 __ 1 I __ I I_I 
11 I I I I I I 
11 I l I I I I 

n
-, [10 -14 s- 1 Gev- 1 mA- 1 1 II 5.4 I 2.2 I 2.2 I 1. 4 I 1. 0 I o.a1 

11 , __ , I __ I ,_, 
11 I I I I I I 

Ny [10-14 s- 1 1 11 I I I I I I 
11 I I I I I I 

for E = 20 GeV, i = .45 mAI 1 48. 120 . 120 . 113. I 9 .  I 7. I 
·11 __ 1 __ 1 I __ I __ I_I 

11 I I I I I I 
i s [µA Gev- 1 mA- 1 1 11 0 .4 I 1. 6 I 1. 6 I 1. 3 I 1. 2 I 1. 01 I 

11 I __ I , __ , I_II 
II I I I I I 11 

I [µ.A] II I I I I I II 
II I I I I I II 

for E = 20 GeV, i = .45 mAI I 3.9 114.4 114.8 112.0 110 .s I 9. o I I 
II I I I I I 11 

Table 1. - Number of photons received and photo currents 
emitted by the individual cathodes. 

Total I 
_ _: _____ , 

ZS I 
I 
I 
I 

13.0 I 
I 
I 
I 
I 

117. I 
I 
I 

7.1 I 
I 
I 
I 
I \ 

64.6 I 
I 
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The specific current i = I/E.i and the total current I' lines 3 

and 4 of Table 1, have been calculated with o = 4 * 10-
4 

which is 

true for small a. For a :::: ,r/ 2 ,  which is the case at the front face 

of the septa, the value of a is assumed to increase 10-fold. 

The percentage of the total number of photons received by each 

cathode is shown graphically in Fig. 4. The front face, which is only 

25 mm wide, receives as much as 41% of the total photon flux. The photo­

current, on the contrary, is small because of the ovet"Whelming influence 

of the sine function in equation (3) which reaches a maximum at ,r/ 2 .  

The total number of photons received and the total charge liberated 

during a particular acceleration cycle can be obtained by integration. A 

typical example showing the evolution of the positron current and energy 

during the cycle is depicted in Fig. 5. 

The total number of photons then is 

1 4  
Ntot [10 l = 

textraction 

I n E ( t ) [ Ge V ] i ( t ) [ mA ] d t 
y 

t. . t' inJec ion 

(4) 

where n is given in the first line of Table 1. The total charge will 
y 

then be 

t t ex raction 

= J i [ µA Ge V -
1 mA - 1 

] E ( t ) [ Ge V l i ( t ) [ :nA ] d t s 

t. . t. 1nJec ion 

where 1 is given in the third line of iable 1. s 

( 5 ) 
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The actual charge liberated may be approximated by plugging-in some 

real parameters. Noting that, see Fig. 5., the circulating beam intensity 

consists of 

a coasting intensity i at 3.5 GeV lasting roughly 310 ms, 
coa 

an accelerated intensity i where, during a period of time 
ace 

lasting 215 ms, the energy is raised from 3. 5 to 16 GeV, equation 

The 

(5) may now be transfo,rrned to 

7.1 [3. 5 * 0.310 
0. 215 

* i + i IE dt] 
coa ace 

0 

E = 3.5 + 0_215 (16 - 3. 5)  

relation between the 

7 . 1  [1.1 i + 2.ll I 
coa ace 

number of circulating positrons 

the circulating beam current is 

The effective beam intensity is then defined as 

i
eff [mA) = 1.1 * i 

coa [mA] + 2 .1 * i 
ace [:nA l 

M + 
e 

( 6) 

and 

(7) 

( 8) 
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3 .  PHOTON &MISSION CURRENTS MEASURED. 

3.1. The HT-circuit. 

The HT-circuit of the e.s septa, shown in Fig, 6., is such that 

only the sum of the photo cut'C'ents I could be measured eventually. 
tot 

Because the RC time constant of the circuit is of the order' of 20 s the 

only parameter which can be extt'acted t'eliably is the charge 
Qtot, 

as 

defined by equation (5). The magnitude is evaluated by integt'ating the 

power supply curt'ent registered by a recot'ding instrument. 

The individual anode CUC't'ents I . between anode and earth 
a1 

have been measured with low accuracy. If there were no secondary effects, 

the total emitted charge should be equal to the received charge, or : 

5 

I 
i=l 

I . dt 
a1. 

It turns out that this is not the case. 

( 9) 
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3.2. Photo emission currents at constant cathode potential. 

The total cathode current caused by photo emission Itot and 

the individual anode currents I .  have been recorded at constant a1 
cathode potential, U . = 200 kV, in the latter case with and without 

c.1r 
shutter. The graphs, without shutter are shown in Fig. 7. 

The following remarks are relevant 

r 

+ 

The circulating number of e , E � 16 GeV, was of the 

order of 2 * lO io _ No calibration was available. 

The polarity of the currents corresponds with the emission 

of photo-electrons from the cathode. 

The sum of the anode currents is much less than the cathode 

current. Equation ( 9) is therefore strongly violated, most 

likely because the wire septa are transparent to 200 keV 

electrons. 

The total cathode charge predicted by equation ( 6) is of 

the order of 3 µc which is of the order of what has been 

measured, namely 5.6 µc. 

Activating the shutter' reduces the cathode charge to 

0. 7 µc and I = I = I = 0 showing that some 
al a2 a3 

90% of the total anode current is produced by the first ZS. 

The current profile observed along the extraction channel 

does not agree ·,vith Fig . .:i. which predicts neacly equal 

currents in ZSl and ZS2 and a ·rnry gentle drop downstrean1. 

A possible explication is based on the presence of the array 

of septLL-:1 ·wices, shown in F'ig. 8., ·,1hich act :.1s a screen, 

especially for the downstream sepr:a ·,;here t:-ie sync!"lrot�n 

light has incident angles of a few �rad onlJ and ��e :i6�t 
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255 

Fig. 8. - Geometry of the electrostatic septa with seutwn wires and 

the position of the retracted cathode. 
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A pc-eliminary attempt has been made to t"elate the measured 

liberated charge 
Qtot 

and the effective beam intensity as defined by 

equation (8). The resulting gt"aph is shown in Fig. 9. 

The gt"aph would t"eveal a non-linear effect. For small 

effective cir-culating beam intensities, less charge would 

be emitted. 

This effect has to be conf inned by imp coved measurements 

where the charge and effective curt"ents are evaluated in 

t"eal time using a computer- program. 

ch�.r� � Qt '"' p C 
'1. 0 

. ,. 0 

1-o '2- 0 
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A second study was undertaken to investigate the dependence of 

the emitted charge and circulating beam intensity at various cathode 

voltages. 

The results suggest the following 

The emitted cathode charge increases with cathode potential. 

At 10 kV, th'ere is already a considerable photo-electric 

charge flowing. 

Saturation sets-in at 100 kV. 

For pulsed HT, in order to reduce anode currents and 

related sparks, it would be necessary to discharge the 

circuit completely. 

No graph is shown tecaL•se the tH"' 0 1: -ninary results are not 

very precise. 



4 . SPARKING OF THE SEPTA. 
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4. 1. Spark time spectra and shutter efficien�y. 

Spark time spectra have been measured during simultaneous p and 
+ 

t "  
• + t '  e -opera ion and during e -opera ion. Only the conclusions in both 

cases are identical, with the difference that during simultaneous 

operation a p-induced spark background is created which partially masks 

the so called retarded sparks. 

The spark time spectra during e+-operation are shown in 

Fig. 10 . The left figure (LSS2 ) shows that, with the shutter in position 

"OUT", very str-ong peaks are present in ZSl, ZS2 and ZS4 . One septum, 

ZS3 , was not connected at that time . The right figure (LSS6) shows what 

happens when the shutter is in position " IN" . The peak around 12 s has 

disappeared in ZSl and ZS2. A strong peak is still visible in ZS3 and 

ZS4 was not connected. 

The foll owing remark � are relevant 

Around cycle time 12 s, there is a characteristic prompt 

spark peak with a very short decay time. 

The background consists of 

operation . 

retarded sparks + caused by e 

The available information indicates that bo th extraction 

channels behave similarly. 

The lef thanded figure shows strong sparking in ZS2 because 

the interelectrode gap o f  ZSl  was set  at 3 9  mm instead o f  

the customary 20 �m . The reason for this w i l l  b e  explained 

later. However , i t  has been shown ·,vi th al l gaps set a t  

20  '.:'JI\ that for both �inds o f  operat .:. on, 

does not s e em to produce prompt sparks. 

+ + 
e p and e 

ZSS also  never f eat�res t�e ?romp t spark.:.ng  ?e ak. 

Z S 2  

The shutter  e l i�inac e s ,  under  the  � i ven � ond i t .:. on s  � :  2 r 

1 0  + 

l Q  e ? ?  and '..!? t o  :. 6 GeV  ..... ' ,  
1 ;:J. J.- ...1.  spark.:.ng i �  z ::: ::. . 
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4 . 2. Spark rate dec ay time c onstants of prompt and retarded spacking. 

The dec ay time constant of prompt sparki ng. 

The spectrum of prompt s parks fr-om 11 . 86 0  s to nearl y the end 

of the cycle at 1 4. 400 s is shown in F ig .  11. The following points are 

important. 

The inj ec tion of positr-ons around 11 . 86 0 s does not l ead 

immed iately to sparking. 

Sparking sets i n  around 12 . 1 0 0  s prior to acceler-atio n whi ch 

tak es plac e at 12 .17 0 s. 

Hereaf ter, the spark rate ri ses more or l e ss l inear l y  with 

energy and reach es a maximum between 12. 368 and 12. 385  s 

exactl y at the instant the beam is l ost. 

The sp ark rate then dec ays with a time co nstant o f  5 0  ms. 

Af t er 200  ms, follows a long tai l of retarded sparks with a 

dec ay time constant of 6 s .  

It is not cle ar at thi s  s tage at wh at instant the ret arde d 

sp ark spec trum starts , whethe r the two pe aks are supe i:-p o s e d  

(i. e. two spark tri ggering me chani sms) , or whethe r t hey 

follow e ach other ( i . e. onl y one mech ani sm ) .  

The decay ti me co ns tant of re tarde d sparks .  

The spe ctrum o f  re tarde d sp arks , F i g .  1 2. , cons is t s of al l t :ie  

sp arks pro du ce d  in LSS2  and LSS6  to .:.:nprove the statis tics . Thu s , i t  

become s c l e ar that the promp t spark ;:i e ak i s  f o l l owe d by  a l o n g  1:: ai .:.. ) f  

sp arks which are tr i g gere d  as  mu ch a s  1 5  s af ter the  � ain even t .  

c ons tant T = 6 s .  

o bser·, a t i  '.)ns 
+ 

9 ? -cpera t i c n . 

:, ave '::e en �ade 
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Such a long time constant suggests a thennal process 

involving the septum wires. 

Calculations show that indeed the 6xpected time constant of 

the wires ( T  z 7 s )  agrees with the observed value of 
(' 

the decay rate ( T  z 6 s ) .  r-

The very C'apid decline of the prompt spark C'ate cannot be 

explained by the computer simulation and one therefore has 

to conclude that the spar-k spectrum consists of two 

independent contr-ibutions the prompt sparks and the C'etarded 

sparks . 

The fact that the prompt to cetarded spark ratio of a given 

septum varies considerably with time supper-ts the hypothesis 

of 2 different mechani sms. 

Prompt and r-etarded spark distributions along the extr'ac tion 

channel s .  

The spark distributions along the LSS6 extraction channel , with 

or without shutter, have been analysed and at"e shown in Figs . 13. and 14 . 

Without shutter , I'."oughly 80% of the spar'ks are produced by 

ZSl ; hardly any sparks ar-e p t"oduced by ZS2 ; the spat"k rate 

r'ises slowly in ZS3 and ZS4 

nishes strongly. 

in ZSS the spark c-ate dimi-

The shu tter eliminates al l sparking in ZSl but causes higher 

spark c-ates in Z S 2 , ZS3 ( ZS4  not connected ) and ZSS . 

The shutter thet"efore �ight act as a sca t terec- for  s ynchro ­

ton l ight. 

As will  be demonstrated l ater' , the p rompt sparks are pr,:i b a b l J  

t riggered 'J y  t :i e  f r-on t e n d  ') f  t:�e  : 3. t� odes wh i c h  e :.sp l a i r: s  �. :-:e  

Al  0 
2 3 

�ec au s e  -:i.no d .:. :: e ·.:: 
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Fig. 13. - The prompt spark distribution along the extraction 
the extraction channel with and without shutter . 

L556 

5c 

� ig.  1 4 .  - The re t a rded spark distri bution  al cng the ext r�ct i a n  
c hann el with and without shutter .  
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Fig . 8 .  shows that the f ront end of the cathodes o f  ZS2 and 

ZSS are shi elded by the s eptum wires and that ZS3 and ZS4 

are not , which would explain the pt"esence of  prompt spat"ks 

in the latter two septa ( see Fig . 10) . 

The t"etarded sparks then could be caused by the septum wi res 

whi ch then would cause sparking by local outgassing . The 

wires in ZS2 are strongly outgassed by p-extraction which 

could explain the low spark rate in the second septum. 

There t"emains the pro blem to understand the high spat"k t"ate 

of  retarded sparks in ZSl which should be low because the 

septum wires are pet" fectly outgassed by the p-losses . The 

key to the pt"oblem may again be found in Fig . 8 . whi c h  shows 

that the side of the cathode i s  illuminated over i ts entit"e 

length by photons gi ving rise to a third mechanism whic h 

also seems to have a long time c onstant . 

It could also be that the f ront end of the cathode c auses 

bo th prompt and t"etarded sparks . 

4. 3 .  The retracted cathode experiment. 

In order to test the sensi t i v i t y  of the upst ream cathode ends 

to synchro t on l ight , it was decided to measure the spark rates wi th the 

anode gap in ZSl set ·at 2 0  mm and 39 mm .  F ig. 8 .  shows that in the l a t ter 

case the f ront end of ZS2 i s  exposed t o  the pho ton f l ux .  The resul t ing 

spark spe c trum is shown in Fig . 1 0 .  ( l e f t hand f igure ) , F igs . 1 5 . and 1 6 . 

The f o l l owing remarks can be made 

Wi th a 2 0  mm gap ,  virtual l y , n o  sp arks are p roduced in Z S 2 , 

wi t h  a 3 9  mm gap both the p rompt and r e t arded spark r a t e s  

i n c rease dramat i c a l l y . 

iJi th a 2 0  :nm g ap , 8 5 %  o f  t h e  p romp t sp arks , F lg . 1 5 . , are 

p roduced i n  Z S l  and none i n  ZS2 , ·.,ri th a 39 :nm g ap the  p ra�p t 

sparks a r e  e v e n l y  J .:. v i ded ::i e twe e n  Z S l  an d Z S 2 . 

�he p e r c e n t. a g e  a f  Z S 4  and 
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Fig. 15. - The prompt spark distribution along the extraction 
channel with 20 and 39 mm gaps in ZSl . 
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- This behaviour would signify that the prompt sparks in ZSl and 

ZS2 are caused by the exposure of the front end of the cathodes 

to synchroton light . 

- ZSl sparks less because of the e. s screen mounted in front of 

the cathode ( see Fig . 8 . ) .  

- With a 20 mm gap , 80'1. of the c-etarded spac-ks are pc-oduced in 

ZSl , see Fig . 16 . ·  With a 3 9  mm gap , the spark rate in ZSl 

diminishes somewhat but stil l peaks in forward direction . The 

spark rate in ZS2 increases strongly . 

This then would mean that the front ends produce both prompt 

and retarded sparks . 

It wou.l d  be interesting to perform the retracted c athode 

experiment with ZS2 , ZS3 and ZS4 . 
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5 .  CONCLUSIONS. 

The interaction of synchroton radiation with the e. s septa may be 

summarized by the following statements 

The photo currents emitted by the cathodes are of the order as 

predicted. However , the low value of the anode currents can only 

be understood if wire septa are transparent to 200 keV electrons 

and part of the charge leaks away through the iontraps. 

The steep drop-off of the photo emission current distribution 

along the extraction channel can only be understood if the septum 

wires act as a screen for the photons . 

Prompt sparks are apparently caused by the direct interaction of 

synchroton light with the upstream end of the cathodes . The fast 

decay of the spark rate could be due to sparking between cathode 

and the solid metal screen upstream of each septum. 

Retarded 

with the 

sparks are 

cathode or 

caused by interaction of synchroton 

septum wires . A discharge current 

l ight 

then 

develops between the cathode and a septum wire which , once heated 

by a spark, cools down very s lowly giving rise to delayed 

sparking . 

The second septum never sparks promptly because o f  s creening by 

the septum wires of ZSl. The retarded spark rate i s  also very 

much below average. This could be because the sep tum wires are 

perfectly conditioned by previous p-operation. 

The performance of the shut ter �ay be summarized as f oll ows 

The shutter eliminat es all sparking :.n the s ep tum ·,1hi ch :' o l .:_ ows 

the shutter . The spark rate in  the s ep t a  ::'.o re  down s t r e s..-:i s e eIT\s 

to increas e s l i ghtly . 



6 .  

- 2 7 -

RECOMMENDATIONS . 

- All the measurements should be c-epeated undec- much moc-e stable 

condi tions. 

The number of photons generated during a cycle should be evaluated 

for each cycle. 

The circulating beam intensity and energy must be known during 

each cycle . 

Repeat retracted cathode experiment with ZS2 , ZS3 and ZS4 , using 

small displacements to see in which position the following septum 

starts sparking. 

ZSl and Z S2 have thin septum wires and the other septa have thick 

wires , measure a possible difference in c-etarded spark behaviour. 

Repeat spark c-ate experiments with sevec-al cathode potential s .  

7.  ACKNOWLEDGEMENTS. 

S. SCHALK prepared al l the elec tc-oni c s  in LSS2 and LSS6 for the 

) measurements and M . .  GYR calculated the thermal time constants of the 

septum wires for which the authors ac-e vec-y grateful . 



\ 




