
THE CER~,r-PS LINAC ., BEAM LOADING AND HF STUDIES 

c. S. Taylor and Y. Dupuis 
CEHN 

A3STHACT 

The CEHN--PS linac is at present accelerating currents of the order 
of 60 rnA and partial compensation of the beam loading is beir-;,g provided 
by "bumps" on the rf pulses. The evolution of this type of compensation 
is descrii:Jed and the res-ults of energy spread and emittance measurements 
wEn dY1d without compensation. are presented. 

An alternative method of supplying beam power from a supplementary 
power source is considered ar:.d preliminary tests are described. 

Tvleasurements of the phasing bE-'1~Vleen tanks and the velocity of propa
galion of fields along the wans of fre ca''lities are also reported. 

I .!l\:TRO DC; eTlON 

Beam loadi!~g in the accel.erating cavities fir'8t became detectable 
iT' the yf ervelopes with btam cur:c'ents arouEd 15 rnA, and in 1961 at"" 
tempts wey'e made to compey~sate the fall in field during the beam pulse by 
moving the beam to the l'tsin.g edge of the tank field and incJ:'easing the 
If::'vel. At that per:iod, howe-lee, there was a 20 If-! S :jitter il:1 the initial 
rise 0: ±'lBld i~ the 10 MeV t~a:,,-'k, . ai:tributed to muJ.-Upactor effect, and tbis 
Jltter resulted in wide variatlOI: Lf'. accelex'ating Eeld level. and conseql;;ent
~y in la~ac beam cruaEty ancl PS i:O:--ltensHy. The increased level also en~ 
cour'agerl sparkiDg altho'Jgh that could ha\'e been o\/er(.~onle by shortening 
the rf Pillst'o 

Efforts were then di:cected towards supplying more po-weI' to the 
ca';ities during the beam pulse wEh the beam restored to its normal 
pos ,.lion near the ened of the rf build-up. 

EVOLUT:fU'\1 OF' PHESEN"I' METHOD OF COMPE::\:SATION 

i.L 3uly 1962, attempe:s were rnade to increase the plate voltage of' 
+,he TH 470 power amplifiers at the moment of beam inject~ 01'.0 It was 
found thai, with some sacriCce of pulse le!lgth, we 'co'Jld prorluce a l:St'

f;JJ "burnp" or' the aro::le p;_'lse by increasing the terrninal capacitor oE 
the modulator delay Iirle as shown in Fig. ]. 
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This method w~s appliE?d first to the modul~tor of the three final 
amplifiers (s ee Fig. 8 for a general schematic of the rf system), and 

then extended to the drive modulator, both t o i ncr e a se the tank bumps 
and to s uppress the 6ver-voltages "whi ch app e ar ed as a result of p ulse 
l ength dispariti es. 

The next step was to decrease the c athode bias voltage s imultan
eously with the apode bs mp by firing a hydr ogen t hyr atron connected in 
parallel with part of the c athode r esi stor (~ig. 2). Careful adjustm ent 
of this combination of anode voltage and c athode current bump s l ed t o the 
p rese nt s ituation1 where a beam of 30 -35 , mA can b e fully compen sate d 
in e ach of the three tanks. 

,It has been found convenient to assess the se effects by displaying 
t he time de rivative of the tank field r ather than the field itse~f. B ot h 
signals are shown in Fig. 3 . Knowing the beam current we can i m 
mediately c alibrate our s i gnal and derive t he percentage compen sat ion 
for any given rf adjustment. 

III. BEAM QUALITY WITH PRESENT ME T HOD 

For the case of a beam pulse short by comparison with the cav ity 
t ime constant, i t can be s hown by app r oximate solution 1 t hat the b e am 
p roduces a change of a ccelerating field 

!J. V = _ P b t 
Vo 2 Wo 

whe re Pb is the instantaneous p ower delivered to the beam and W 0 is 
the c avi:t;y store d energy at t = 0, and a c hange of phase 

llC(J = - P b t an <Ps t 
2 Wo 

where cR, is t he synchronous phase angle. 

Since t his phase term is r oughly th e s ame for e a ch of the three 
tanks {about 2. 50 for 50 mA >., t h e original phase relati ons between t he 
tanks will be p re served during the passage of beam, although not neces
sarily between the last tank and the debuncher . 

T he more. significant effect of field ch ange we should expect to be 
equivalent to a change of synchron ou s phase angle during the p ulse and in 
our case on uncompensated ' 50 mA s hould produce an 80/0 cpange in cos ~ , 

o 0 . , s 
for example from CPs = 30 t o <f>s = 21 , and detectable change s in energy 
spread and emittance. -
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In Fig. 4a we see the m easured energy spectra for an uncom 
pensated 55 rnA beam and for a beam compensated to an average value 
of 50% in the thr ee tanks, with and without debuncher. It i s evident that 
the debuncher is doing all the real work but that changes during t he p ulse 
are reduced by the compensation . The uncompensated beam is in fa ct 
not very satisfactory since p article s are lost at the end of the pulse in 
the linear accelerator itself, the end of the p ulse being only one - half t he 
height at the beginning. 

The experimental arr ange m ent comp r iseq a O. 5 mm object slit, 
appr oximately unity magn ific ation , a 1 mm re solvin g slit equivalent to 
±. 30 kV, and about 6 rnA of t otal beam cu r rent, with this reduced current 
passing through the debuncher. T his resolution is not a dequate for small 
energy sp r eads and the energy spread may be less th an that m eas ured. 
However, fl;'om the point of view of what the s ynchr ot ron actually sees 
with 60 rnA, this error may b e countered by the deterioration of t he 
energy spread due to the reactive beam loading in the debuncher which 
we estimate to change the phase by some 100 and to add 80 kV to the 
energy spread. 

In Figs. 4b and 4b i we see the e m ittance plots for the same condi
tion of no compensat ion and 50% compensation. The horizontal pla..'1.e 
(em ittanc e Y) appears to b e subjected t o a clockwise r otation with tim e 
where as thi s effect in the vertical pl,ane (emittance Z) is much less 
marked . The distorted envelope fo r t he end of the pulse in " emittance Y 
without compensation " p robably indic ates aperture limitations in the 
linear a cceler ator . 

Care was taken du r ing these measurement s t o keep the rf field 
constant in t he middle of the pul se . Howev er. t he emittances with and 
without compens ation in the m iddle of the pulse are not identi cal and 
.this requires furt her inv estigation . 

IV . SUPPLEMENTARY POWER SOURCE 

In orde r to drive a 50 rnA beam through t he 30 -50 MeV tank, we 
need 1 MWof rf pow er, and s ince thi s tank dissipates 1. 5 MW, the t ot al 
instantaneous power requ irement s a re already b eyond the capacity of 
our 2 MWamplifiers . If, however, we s eparate the functions of feeding 
losses and feeding beam power, we s hould be able t o approach 100 m A 
beam currents with our p resent amplifiers. 

Our pre sent proposal i s to drive t he t ank up t o operat in g l evel by 
m e ans of the exi sting d~lay line modula t or, and then to supply the beam 
power by m eans of a second coupling loop and power amplifier for the 
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duration of the beam pulse. We propose a hard-tube modulator for ih~ 
beam power pulse" with the possibility o+, servo cortrol from the beam 
current. One adv'antage of this system is that the phase of the beam 
power source can be varied with res:r~.:ct to that of the main source, 1. e. > 

po-wer can be fed to the beam with the ac~celerating ':,Tollage in phasl" with 
the beam current Fourier furl'ia,meLti11 d) ::rom the crest. 'Is 

The proposed scheme i..:;; shown if: Lg. 5. 

Preliminary tests of such a system have been made on the 30-50 
Me',' tank. The beam power ampli.fier was E':'>u.::ited by rf power taken 
capaeitively from the main loop fe":;oeY.',, a~"d a modu}aior was modifi'?o 
to provide a short anode pulse (Fig. 6). [:six:g the normal 200p.s pulse 
transformer, we could not obtain a "Very sati;~f:adory rLse time. Neve!> 
thelest3 full compensation of a 60 rnA beam was obtained (Fig. 7). Un
for:;unately beam quality checks could not be made in the time available, 
apart from a quick measurement of energy spread which appeared to be 
GorInal. 

PHASING BETWEEN TANKS 

The three accelerating ca'v'jties are each held at a fixed phase by 
me ar.s of a phase Sf"rYO loop. Line len,gthec.ers ire the HEal amplifier 
grid cirCiIits an; coupled mechanically to HLe lEmgtheners in the phase 
reference Hnes ar.d this arI'ar'gemer.t perrm~s relative movement; of tht:, 
tanl{ phases (see Fi.g. 8: Schemati.c of comp}e1,e rf system). 

A good beam can be obta.in1"d by a pt~re:,y empjrical adjustment of 
relative phases. Alterrlative.1.y, orK can tompLoy a cY"'te:don based on 
the ~~ <P trapping width. In the car~y 8 <pex'ime:,:;ts it was accepil?d 

, si h t th '.J " t ,11 ' h " 1't ' 1 b. priorI." a ,e correct aU:1ustrnet· was t.1'2e H'-P ,.ase con( lIon a",,-, 

though some attempts to measure relati.\"f: phases with hybrid ri:rcg 
bridges gaye conflictir~g results. With, hO"Never., the installation of 
ac(:urately adj'.1sted cab~es aYld a lissajoi;s figll ~,'E.' type of phase compari ~ 
son (Flg. 9), it has become fairly certaiE i,hat the beam likes best to find 
the 10 and 50 MeV tanks in phase but the 30 Me'l,",ank adv8.;':lct':d by some 
25

0
, that is, this dephasing produces the best erergy spread. 

'There is as yet no satL:;fa(O~oory explaEation of thIS effect. One 
possinJe cOELribution comes from ttl"} +.woo~ dr'ift distance between 
the first and second tar.ks, combir:;ed w th HH"~ fact thai we normally ir,~' 
ject oc:.r bUEched beam iEicO the fin"t; tank weJl abo?e the cent.er of th'::.' rf 
bU.cket in order to profit from the hlgher trapping. However, our step~ 
by,o,step computations DsiEg the pr'ogram developed at Harwell by Taylor 
and Carne shovv that the energy error' reS 1)ttlDg at 10 MeV is only abo~: 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

244



-.1 ... 
/ 

I 
i 
I , , 
I 
I , 
'-" 

~ 

Ciru", ... i, •• 

I .. 
I 

• 

Emllli • 27.' 

E>n~Cl • 2t.1 -:l 
E>n • '2,3 

&ft.'A.·25) __ 

Em.1B) • 24,.4 

[m(Q .0 

U.' 

, , 
I 
I 
I 
I 
I 
I 

! 
I 
I 
r 
I 

,/ 

EMITTANCE Y 

A -- a.,irwurtf of ,.. 

a __ Hid.l. 

c -~--_ EN 

.. I 

EMITTANCE Z 

.-- ............... 
a -- Hid'" 

c __ -- - Eru:1 

, 
I . 

I , 

Wrth 
compensatIon 

'1// 
I 

/1 
I . 

'} (" .... ) 

Em.IA)· 14.2 ... 11 

EntCI) • :fl,_ 

EM': •• n.1 

)t,7 

Fig. 4b 

_-2t.2_J 

£mIB, • 20,' 

E-.ltl' 2t.2 

Fig. 4b' 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

245



100 kV, and produces a phasE er'ror due to the drift distance of only 3 or 
4 degrees. 

Another possibility, which came om of a discussion with Teng and 
Lapostolle, is that we are exploiting the nodinear region of the Tank II 
bucket to spread the bunch out. and then rotating this elongated bunch 
around to the position of minimum 50 MeV er2ergy spread by adjustment 
at Tank II and III levels, thereby varyirJ.g the number of phase osciHa
tions in these tanks. This mechanism would require an mtegral number 
of wavelengths in Tank II and an. odd number of ql)arter wa7e1engths in 
Tank III. 

PR,OPAGATION 

R,ecent discussions of gr011p vE;loc:cties 2 hal/e led us to comparE:' 
the build-up of tank fields at the e~":tremities of the 30-50 MeV tonk (with 
power fed in at one end). Gsing the phase measurement loops and cablEs 
we. bave employed the chopped beam facility of an oscilloscope to super
impose the detected signals from both 100ps. In Fig. 10, we see the 
field signals and the initial hllHd o >11P on a shorter time base. From these 
osci11.ogr.~m.s one ern put an upper limit of a micros~;c~nd on ~~~ delay ar~ 
a lowe_c lImIt of 10 m/ sec Orl the eorrl':'spOl"'.ch'lg Ii eloclty for ileld prop
agatioE along the cavity walls. 
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TURNER,: Could you repeat the Spi? 

you. mentioned? 
;-_:ations foY" the new FTH 51:-5 hJbE' 

TAYLOR: 4 MW peak power; heater', 12 kW~ &llod"-c ssipation, 11 kW. 
J thiCK the drive power is 700 kW. 

VAr·J STEENBER,GEN: Do you have to makE: a mo;-jjfjcaLo:c, to the tube 
cay Lly? 

TAYLOR: No, the specification cans for a i:-Jbe which is s, mecharJical 
plug-in replacement for the FTH-470. It will ha-;-e same ar2.Dde voltE:. 
but double the current. We wEI probably ha-'iE to TClOdify the lODp and 
the cOi.:pling. 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

246



Hard 
tub. 

moo.tator -------

LlNAC TANK 

S.cond loop Main loop 

TanI< dinip.tion pow ... r------. 

~ _-----:-_ Delay lina 

~ moo.tator 
, 

I 

0 haw shift .. I 
I I • t I 

from driv ... from drivw 

Proposl!d schflnl! 

UNAC TANK I 

Second loop Main loop 

Motor controllad probe 

Phau shift .. 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

247



VAN STEENBERGEN: What is the prom i sed delivery date on this tube? 

TA YLOR: I think we should get a t ube within about six months. 

QUESTION: Have you watched s ome of the modeling,.onthis tube? 

TAYLOR: It is .only just started. I might mention that the cost is s ome 
thing like $6, 500 per tube. 

PERRY : I didn't understand the phase shift from 300 to 210. 

TA YLOR: This i s simply th e field g oing up and then dropping due to the 
presence of beam. This is equivalent to a change in the synchronous 
pha se from 30 0 to 21 0 • 

PERRY: When you have 50 rnA beam l oading and 8% droop, was the 30.0 
t o 21 0 the phase shift due t o beam loading? 

TA YLOR: The difference in cos q?s was 8%. 

KEANE: You m entione d tha t you had no phase or tim e delay in the fie l d 
propagation along the tank. I have noted on Brookhaven ' s linac that we 
have at least 1-1 / 2 m icrosecond delay fr om the center drive point to both 
ends of the tank. 

TA YLOR: In our m easure m ent, the difference in path length is about 
10 m. In y our case it is 15 ~ 16 m. 

MAR TIN, J . H.: You used the term II compensated" and "uncompensated. ;1 

Did tha t consist of anything beside s jus t an additional bump at t he end? 

TA YLOR: No, that was s im ply a bump. 

MAR TIN: It had influence on the energy distribution a nd phase-space 
accommodation and so forth; did it have a nything to do with the phase 
relations between the tanks? 

TA YLOR: That occurs with a small beam. If we stop the beam down, we 
s till have this effect. 

MARTIN: So this effect i s independent of beam loading? 

TA YLOR: Yes. 

KEA NE: You m entioned that you used a s eparate a mplifier for beam 
compensation. Did you have any trouble with p ower coupling between 
the loops of the two driving sources? 
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TAYLOR: We were a little worried abo11t this and our first move was 
to put a short circuit piston on the auxiliary loop. We made it as close 
to a short circuit in a tank as we could. Then we found that by moving 
this up and down, it made no difference. It is surprising. Then when 
we connected a FTH amplifier cavity in place of the short circuit, there 
was a tendency for it to "diode", and we found ourselves in a little bit of 
trOl.Jble getting enough power from the main amplifler. 

KEANE: Were the loops the same? 

TAYLOR: Exactly the same loop. It probably makes a terrible bump on 
the flattening, but so far we have not noticed it. 

DICKSON: Going back to the phase changirJg in Tank 2, how do you find 
running all tanks in phase and adjusting the wave lengths of Tanks 2 and 3 
together to get an integral half-wave ]er:~gth? 

TAYLOR: We have tried to run them in phase and adjust the levels of 
all tanks together, but we went through a fair range and we could not find. 
ar. energy spread as good as the energy spread which we get with the 
normal adjustment of the phasing. 

REFERENCES 

1. Y. Dupuis, EtudE.: de l~h§:~e intro0u:itf:u:J_~I.~~.J9-isceau dans le~. 
cavites H. F. du Lina_~~_Q:p'_~. Internal report MPS lInt. LIN 36 -8. 

2. ,f. M. DicksoI:', Pr:ivate communicati.oLl. 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

250



Refet'W'tC::e line frcm crive ~ 

0.5 V /em 50 ps/cm 

Chopp.d b.am . 

Equalisation of d.t.ctor outputs . 

• 

~ lIno longthonor / 
tunod by 

slotted lino 
rno .......... ts 

.t terminols ~o 

o 

----------------------------------~o 

-----------------~o 

Lin. longtIMtnor c.libr.t.d in doIr ... . 
Adjust. d to gi.. straight line lin.jou. disploy. 

8 

---.. 

_______ 5CIA n •• _l 

l( •• collies 

cut to longth 

? 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

251


