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DEBUNCHER AND ACCUMULATOR KICKERS

There are 5 kickers in total in the two rings. P Note 321 by J. Petter
(6/83) describes the three Debuncher kickers in'depth, consequently I will only
discuss the two Accumulator kickers, injection and extraction. Refer to Table I

for a summary of parameters for all 5 kickers.

Accumulator Injection and Extraction Kickers

These two kickers are identical in design. The injéetion kicker fall time
determines the design almost completely. Théy are ferrite, single turn, delay
line type magnets with an eddy current shutter to prevent disturbance of the
stacked beam during injection or extraction. The need for a shutter requires
that the entire magnet be enclosed in a vacuum tank. This precludes the
possibility of building a conventional delay line type magnet (where ceramic
capacitors are distributed along the magnets length to '"match" the magnet
induetance to the system impedance), this is because the capgcitors would have to
be placed in the vacuum also and would present an outgassing problemﬁ Instead we
chose to build parallel plate capacitors into the magnet design, ﬁsing vacuum as
our insulation. SPICE circuit analysis calculations demonstrated that in order
io keep reflected voltages low each magnet would have to be broken down into at
least 8 sections each with its own capacitance in parallel. Choosing the
impedance of kicker 1s a trade off between propagation delay Ed = YLC = L/Zo
(i.e. minimuﬁ rise or fall time) and operating voltge, V = IZo to achieve the
field needed for the required kick. Since 25 Q was considered optimum a quick
calculation showed that very large area capacitor plates would be needed to
achieve the desired capacitance. Consequently a dielectric (ceramic, & = 10)

reduced the linear dimensions of the plates by about a factor of 3.



o

A o b e Tl . | R P SO (9 1 ot ) P RS e o P P i B

’m FERMILASE SECTION FROJECT SERIAL-CATEGORY E;AGE )
2 ENGINEERING NOTE by
suBJECY NAME T C )if}j —-
l< lc,kcr* A/Um L\c'r.p CDATE Mo RE:ﬂ?ON DATE
: /~11-94 —
DC.L% L.»ht‘f‘ De-Lam,"\cr- Dc L..»w hcr Att umvl cd’W‘ A’M e -.u:.! *h'é‘.;
j.:nd cz.'}'t;o [a) IﬂJ aﬁ{a ~ El‘}fm.* I:Of\ j:nJ 1"‘"‘;0 ~y Ef}m«:“ wm
( Pro'hn) Arrlﬂfro%n : ,
Rl&(_, ‘}\‘vnc- masimve B }Cﬂ)ﬂs — SOns
F:A” “f‘\mg MOXimvan ‘205‘ Nns — | 75-1‘#& ——
po\Sc W:A’H't Ms-r:nmw“,\ I. L"C' AL I.S Ky I'S P /'{MS
Ktbl( nuJa\ :Cul mr é, e L!é mr HOwmer L RS e
Dc_{\a%z‘»gqﬁ)ﬁ; ;‘*o Ltk IO mm 5.8 mm | C.S rmva
Heore. - \‘/ A Kk 2 :M\ : -
P or T Bt L VERL | YRR [ Hetm | Heep | Hae

j@ (.Lg I’)c.u)az;\, )‘%l ké.— m J.Z‘H«b*m ’.H )4(7'\0‘\

Ma‘z)n’f:};u ch\dﬂq 3.77 AT I A, T7 e 3.24 m 29«"‘} ™ 4.

ot

Hm

Fdd needed (8 | €50 gas  |S196 | $316 | 5316

A pff’%&}(‘c. V xH beLDMm SQX“!Qmﬂ\ L‘}Q X7Smm 30,5- % 280 ooy

B S' VA - See -s-s*mf‘ Sept
oM l2e | 22 23 mw\‘- 35 * 70mm o3 Drss{.\ Re,ozf;

Feeride Gap Fize | 65 X SO 1S3 Xtfun| 30,5 x SIS ram

jiacd

= 4_ ’ Ce mie /Hc.\ ne.‘}" é:;d:) 0L F( 5 X \
}'.C-I"f'i.}v T\, pe. W:;“:l&o“b é s _ sons «hi(* }\/3?‘ Hee
Impca\anca IO | o .S | assL | 2s

Vollage =¥ Qo | 253 kv |goaw | 25 kv




FERMILAB '} sEcTioN PROJECT SERIAL-CATEGORY | PAGKE

2¢ ENGINEERING NOTE 3
SUBJECT | o | ‘ | NAME TCQ;,‘J! }/Aq@
. K.l(,‘(tr- N\)m 1‘.‘.@({" "B-lﬁ'rf“ ] "?“f Rr:w?_lin DATE |

| DcLu«u)‘m' DCLMC er D¢Lunc)ur Auw#]«r Ait W‘nd'u e
Tnjeckion | Injechion | Exbichion | Injeckon | Exdraction
(p( 0")‘&\) (A""kf" & °"\)

i{: D{\ 'l;’h-ozlalasf"pcr madrw‘}"’ 3 3 | ‘ 3 | 3 . 3

ln,Auc;*ama por medule, I.Sg. 4,.,H ‘ 'oSS.,‘H lv73.—uH |
#%‘f\r&:ﬁ:jjiq / valve of enJ\ ‘ l_"~"f_/G3CDPF o D/Sg«

SOMTREL NP W

2!

/8 /r/SL)?aF

J-ZZ, Pro,ﬂ c)c)ar per m;uc. )SD NS /;’.5 ns 6; ns

F?anép‘;ﬁ Flaoc. koaln',\ DS 'I‘a“ 138 ”?" | 107 7/? N 113\.?025"

L " (betuseen $Daax | DH@Y 4 D6 CM | “Ace Short é%‘v Wt Secton
Oceln  Quals) DAQ3 D4Q3 {D6QI0 | A-dD

Enc‘ F-tat\ég:. T\I pe_

C Syne ﬁi:g

'l) Amumu}xx‘)inr inJgu\-'wn gm.;l. eﬁmz‘hah maxéh?lr.s gnf‘c ,c\ei'}us_.) Va (uem 3:&;:')
C&fac:t-}” ) 6"""“‘"“ mp\:)m_ 5. The ‘;‘ruv‘u.'*icn Erkem 18 .310;)"} ,'n“)lu 3
moAulc.s [V fower:l\ .,s.e'fﬁwf-;“c%) ) 'Jlkcre:rbrc. ‘H-u. 'L“F-’ ‘Au "t"f;‘\u “IS.V cg\;.ai
"}'b —Hfm\‘ 0‘9 ' rmvaa’m;i\’.. T-)w ;cxf\ﬂ:ckoﬂ ku:k»,-» ho'tm»m* bag a”

3 m«lu‘u 'C'l.mr\u..‘tf-v‘ I Seres , ;+ )'\N a. e ‘“mc, CD‘F a\lx,‘f}
2+=m¢.:' +‘3¢. ‘)(u'ﬂa\cja‘};af\‘ o\c\ar c‘)‘c van: moc;v‘c

‘ 3) _77\6 a\!i-n . )\‘er J-hJ c,c:}'la s . k\ C-Leq "Gf‘ Go ‘.S -ww‘ ﬁ IS o
/;L'h'}';t‘*) evccf‘)' e f'a\-\ "l‘v Fo wa 'H’h- E ;n‘)‘c‘. PN k:;)frr-
mo o\u‘u &erem&t 17 ) &~ A Hhe )0 C :n \)t .:*}'icén ' "*k‘..c..‘”}.cr : maa‘d) o5 -

.ée(}cJ ,“smL;, Jlow‘mo ‘Hm ‘fan i . el é\)aovc. T)'m X A‘hc ')‘D
("cg\»tc. Co..\+_5 , +k“ ma m'} g Ui’&, ,5#.‘7 dur]n\) Comml-;Jlm"v ¢




1 N TR T RN 119 ot bbbl il il clhilillalddaldin albat

Since the fall time of the magnetiec field must be 75 ns or 1less in the
Accumulator injection kicker and the'propagation delay increases linearly with
length for a given gap size, the magnet was split into 3 separate "modules", each
with 1its own power supply and a td of 66 ns.  The extraction kicker need not be

nearly as fast and has its three "modules" connected in series and powered by one

supply.

Power Supplies

The ideal waveform for the cﬁrrent through a kicker i1is a perfectly sharp
edged square wave. A close approximation to this can be achieved by charging a
‘length of coaxial cable to twice the voltage needed and using a high voltge
switeh (thyratron) to discharge the cable into a matched resistive load. Since
the ;ccumulator injection kicker needs a pulse width of- about- 1.5 us  this
requires about 500 feet of cable. Consequentiy the. pulse emerges from it
slightly distorted with a "tail" after the initial pulse. This increases the
fall time, but a second thy}atron switch which "cliﬁs" this residual tail by
shorting it to grouand can be used to restore‘the square shape. SPICE  eircuit
simulations léad us to believe tbhat a 40 As or betfer fall time of the current
through the magnet will lead to a 75 ns or less fall time of the field. A
practical lower limit isVZO ns which is the intrinsic rise time of thyratrons at

these current levels.

Shutter
The shutter is a pivoting device, the blade is 5 mm thick aluminum and is
supperted by I-sectioned titanium arms. A vacuum seal at the pivots is provided

by flexible bellows and the entire mechanism is driven by a stepping motor and



crank arrangement.

Vacuum

A vacuum of 10~19 torr must exist inside the kicker vacuum tank. Since the
capacitor plates, dielectric ferrites and shutter parts present a great deal of
surface area, a large number of pumps are required. There will be one ion pump

and‘five titanium sublimation pumps mounted directly on the kicker vacuum tank.
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