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Operation of the, kF Controls
in the CEBAF Injector"

S. N. $imroc.k, 3. A. Fug_tt, J. C. Bovater, G.A. Kra_Pt, C. K. Sinclair

,/ Continuo_ Elect_vn /Beam AccelePafor Facility
12000 Jdlrermon Avenue

Newport News, _ir_ai_ 23006

Abstract itself is divided into four separa++e sections. They are a RF

The CEBAF injector has produced its flrst relatlvistic beam converter, an IF board, an analog board and a diglt_ section.
" with two superconducting cavities. Six RF control modules are The variable gain stages on the analog board allow optimization

used to ¢ont_:o] amplitude and phase iu the chopper ©avitiesl of the frequency response in the feedback loops for phase and
the buncher, the capture section, and the two superconducting amplitude.'A typical h'equency response is shown in Figure 3+
cavities, in thJs paper'the required stability and actual parlor. Variable frequency response is necessary to n_inimize residual
mance of the modules are discu_ed, For the superconducting errors aince the actual microphonic noise sources in the tunnel
cavity control, pedormance is consistent with ener&v stability are not well known. The operator has rcontrol over the broad-
of _- I0-'. band gain from 20 to 60 dB _nd additional low frequency gain

up to 30 dB, The rollo_"frequency for the low frequency boost is
, Introduction sdjuslable from I Hz to 200 Hz. Including the cavity, u_t.v ge.in

+ is reached at up to 100 khz with a phase margin of 60 degrees
+ The ma_n goal of the injector test underway is to produce Variations of the gain characteristics are also used to adjust for

chopped and bunched CW beam at 500 kev end to accelerate differences in the loaded Q of the cavities,

the beam to 5 MeV withsuperconducting caVities. The test will The RF drive to the chopper and buncher cavities i._pro.
verify the design characteristics of the RF control system with vided by 25 W cl_s 'C' amplifiers. The amplitud e control aec.
beam and will leed to a final design of the linac RF controls, tion oi'the standard RF module required modification. The level
At the end of this year the injector will be installed st its final modulator in the IF section is kept at a constant bias, providing
location in the accelerator turanel, su_cient drive for the 25 W amplifier. The ampli£ed a.mplltude

error signal feeds the input of a modulator which provide_ the
RF Control System DC power for the 25 W amplifier.

5tringen! RF control is needed at CEBAF under various The high power amplifier for the capture section uses two 5

operating conditions such as different field gradients and beam kW ldystrons to provide 9.5 kW drive with some ma.rgin for a_.
loads. A schematic diagram ofthe RF control _ystem for the in. plitud+._'control. Preamplifiers provide su_cient gain to operate
jector test is shown in Figure 1. Six control modules are used to the capture section with the drive of a RF control module. Low
control amplitude and phase in the two chopper resonators, the pass _ters whh 100 Hz roLlofl"had to be added in the control
buncher, the capture section and two standard superconductin_ loops to achieve the same overall frequency response 'as/'or the
cavities, $C cB,rifles.

One oi" the 338 RF control channels for the superconduct- The capture section needs to be temperature stabilized to
ing cavities, described elsewhere, 1,2,3 is shown in Figure 2. The :i:0.] ° F. A digital PID controller is implemented within the

" essential component is the standard RF control module which TACL system. 4, lt uses the phase difference between drive and
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_- Figure I. RF control system used in the injector test.

" Supported by U.S, Department of Energy under contract

OI_TRIBUTiONTHi_+Oi: OOCUMENT!S lJNI,IMITI_



probe edSn-ls as a tempe_ _.re error signsJ end s water servo- Performance of' RF Controls

relive serves as the covtroDer. In equilibrium, the heating power Requirements
comes from the I_ (9.5 kW). A 5 kW electrical heater provides
the power for in/tisl wa..'mup. The perI'orma_ce oi' the RF controls is measured by the

residua] -mpl;rude and phase £uctuation in the cavities, Noise
Jo_rces are microphonic noise, besm induced noise (severe in

' pulsed mode op_Ltion) and system intriu-;c noise such a_ noise
" . from the m_ter oeci11,,tor, ft-ore the low level amp]Afiers in the

,-- ............ --; .................... ; .......... feedbarJ: loops, or bom the M1ystron. Table 1 8umma..izes the re-

, o_ I0-' in the KuaI linac beam.

, "/_ i-_"(_ .....,' '1''E"_'_ [_ 1_ ! , 1,1 Error Tolersa. for the Fiel_ in the Cavitles

,i ii ..., m._c.,._ L _ "_, , JrmI_, l Cavity Ampl;tude F.rror Phase Error i° l

O ! I 0''_ SC cavity :1:2x I0 -s :I:0.2 correlated
m c_,_ _ SC cavity d:4 × 10 -4 :k0.5 uncorrelated

. "...................... - ...................... "-" Chopper 4-I x I0 -z 4-0.2 , vertical
Chopper 4-1 x I0 -z 4-0.2 horizonta]

F_ure 2. Simplified ,chematic of a standard CEBAF RF con. Buncher :I:l x I0 -_ 4-0.1

tro] modu]e. Capture =1:15x 10.4 , :f:O.2

Superconductln8 Cavities .

I00 , ' ' ' ' ' ' ' ' " ' _ " ' , ""_ ' • • _ The dominating noise sources in theunIocked(openloop)

80 __'_"('J_')Lad _ '_ mode are phase and amplitude errors caused by mecha.uJcaJ vi.- bratious of the cavity. A typical phase error iigna] for the two

fluctuations of up to 20°, and the corresponding amplltude fluc.
tuation_ are up to 6%. The noise of two cavities in the same

_40 cryounit is not completdy correlated ,Ence _he mech_c_l reso-
- _ 1 ,--,,a \ nance frequendes are cLi_erent and the excitation shows a broad

z0 .." _ e.a_, a noise reduction of 90 dB for frequencies be2ow 100 Hz

wu achieved. For example, Figure lt shows the amplltude noise

0 - .... - spectrum for the regulated end u.ta'egu_ted ca_e. The low fre-
quency gain was set to 30 dB, the ro1_off frequency to 200 Hz,

-ao o' ' ' ' . ,,, , t . , t , , ; , \ ', , , and the broadband gain to 60 d_. Below 1 khz the residual
10 10 10' los noise is dominated by 60 Hz, at the :1:7 × 10 -_ level, This level

Frequency [Hz]
is three times grcate_, than the correlated error last, This noise
wi]] be reduced by avoidingground loops, and its effects can

':_' be minimized by chood_ different line phases for the control

'°°I-_"' _ ' ' , • "", • ' , • ._ , • ,_ • modules.

(b) _ _._ /;II_,/li I!I [ I _i ,' /ii '_ [l[i_I I ! '

o ,4',,,I

: i 1
0e l0s 10' t0e

Frequency [Hz] lO_o 1oo I_oo 400 ,
Lime [ms]

i Figure 3. Frequency mponse (a) magmtude and (b)phase of

gIAn Ita_es in amplitude xud phase controlle_. Broadband gain Figure 4. Phase no/ac in the two iuperconduct;-g cavities o/"
is va_able from 20 - 60 riB, low frequency II';" from 0 - :I0 dB one cryounJt. Data ta.ken at I._ne tame shows correlation of
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', ", " , . , , ' • "_ ' • , • • .Table4

Measured Errors for the Fiel_ in the

'50 _ Chopper Cavities and the Buncher
Cavity

p

' _/ Bandwidth [1R,.]_ Amplitude Error eh.-,eError [oi
I,_; ,, : , '"' ' ,' , " ,

. -, 10_ _6.7 x 10 -s :i:8.5 x 10 -s

10s +1.1 l< 10 -4 :i:4.8 × 10 -2

-100 _ /_. 104 9:4,7 x 10 -4 :i:_.5 x 10-2

] 0s ±1.4 x 10 "s 9:1.4 x i0 -l

' ="_ . iJ _ 10s . 9:1.5x10 -s 9:1.6x10 -1

Conchmion

-_60r , t , . t . . t , . _ ' • • '
I0 ;s I0' 10: 10' 'I__ 10' I0' The recent tests on the RP control ,Tstem at CEBAF have

Frequency [Hz] shown that i_ _ possible to control phase in the SC cavities
to _ 9:0.2" and the amplitude to < 9:4 × 10 -4 . The mi.

Figure 6. Spectrum of gradient fluctuations in reg_ted and ea'ophonic noise in di_erent cavities is unlikely to be correlated
mu'egulated mode. and it is eo.rvecte d adequately. The eorrelated 60 Hz noise is

9:7 × 10-s, greater than the error limit. This noise will be re-
' Table 2 lists the amplitude and phue errors for the regu- duced by avoiding ground loops, and its effects can be minimized

fated cavity without beam. The broadband noise for frequencies by di_erent line phases. The regulation of the field in the chop-
above I khz is ,Lbout twice as high aJ the noise below I kHz. lt per and bunr..her cavities is adequate. The amplitude control for
should be noted that for the amplitude noise measurements_ sn the capture section is close to the requirements and the control
external amplitude detector wu used to detect the actual noise module will be modified to reduce the noise to tolerable levels.
in the cavity. This is necessary ,_uce the amplitude detector in Overali, the RF controls _or the CEBAF injector have been in
the feedback loop creates 60 Hz noise which cannot be measured operation for more than two months without failure.
in the loop.
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10o -1-1,1 X 10 -s _2._." x l0 -_ successtc_ltest of the RF control system.
I01 +2.2 x I0-s ±2.3 x I0-3

102 ±8.9 x 10 -s ±6.0 x 10-s
102 ±8.1 x 10 -s ±9.1 × I0-s

104 ±1.1 x I0-' +1.4 × 10 -2 References
l0 s ±1.4 x 10-4 ±3.2 x 10-2

10e :[:1.5X 10-4 1.S.Simzock,C. How(_, S.Jones and 3.FugittiProceed-
- ings of the 1989 Particle _Accelerator Coxd'erence, Chicago,

Capture Section Illinois, March 20-23, 1989, p. 188,5.

The phase and amplitude noise in the capture section are, 2. C. Horsier and J. Fugltt, 1988 Linear Accelerator Confer-
dominated by 720 Hz (and harmonics) from the klystron power ence Proceedings, Newport News, Virginia, October 3-7,

supply. Low frequency drifts are compensated with the temper- 1988, p. 412._- ature controller. To reduce the broadband noise in the capture 3. I. Ashkenazi and G. Lahti, Proceedings of the 1989 Parti-
section to acceptable levels, the frequency rwpomm of the con- de Accelerator Conference, Chica/go, 1111nois,March 20-23,

g krol medule w'Rl be modred. 1989, p. 1861.4m

Table $ " 4. R. Bork, 1987 IEEE Particle Accelerator Coxfference, Wash-

Measured Errors for the Fields in the Capture Section ington, D.C., March I_-19, 1987, p. 523.

Bandwidth [Hz] Amplitude Error Phase Error [°}

102 9:2.2 x 10 -s 9:4,0 x 10 -_
l0s 9:5.5x 10-s 9:3.6x I0-=

-- 104 9:3.21X 10-4 9:1.8 × 10-1

i _ 9:8.7 x 9:2.2
10s 10--4 xi0-1

I0 i 9:9.`5 X 10 -4 -I-2.4× I0-I

.......Chopper and Buncher ,

The phase and amplitude noise in the chopper and buacher

l resonators are dominated by 60 Hz and broadband noise grom
the amplitude detector and phase reference. $1ow frequencymm

iI d.,_ts are compensated with the temperature controller.
l,






