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CROSSING TRANS|ITION IN THE INTERMEDIATE
ENERGY BOOSTER

M. Cow’t'e,

Ab:tf&gt;

The Intermediate Enef%y Booster (IEB), considered
35 subslitule of both LEB and ME B , vequires

tyansition crossing . Tvn ovder to mimimize bhe

enhancement of the \mncaituclima\ ewitfance , fast

)’tr-jump and other RF qymmastics ave proposed.



1. Inkroduction

4

In 2 previaus rno'Ce,( ) a sel of ILntermediste Ev\er%y
Boosters has been awalyzed rather t\nvoo%\q\y: a rekvant
problem left behind ; HBae transition c.'ros:;iwwa, is mow

ca,ofh% te be studied.

As done in Ref. L, the tvansition g 3mwa s the same,

i.e. b’ = 8.6, for the five sﬁm\r\m‘l’.’vons considered . All the
tr

“trovbles"” a-ﬂlictiﬁ% Bre tvansit‘(on-cxossih% avise fyom bChe

fack that the transitiow Pparameler
"(L - L L 1)
L.

becomes zero whewn the Loventz velativistic factor X equals

duvin the acceleratin cucle .
ty % % \j

Evern ‘c\nomah the btransition - drawb acks will be discussed

3s soown S Ul\e,\j
(2~5)
obvious cure consists of ‘W‘&Ki'ﬁ% as swall as Possib\e the

will be met ) o av\ticipated Haat aw

Eime inferval duﬁn? which 'fz is close To zero.

Fia. 1 shows how bhis can be achieved , just v;w\j\‘n%
)/lv without aﬂ:e.c.k'\'“% (5,6) Q, -
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Speedm% up the c.*ross|-n% of Transition bj a théh!ltl ..)ump.

Consideviﬂ% the linear (fm.%abwe) tamp of Yep '3 ~vch

steepzr than the st'e'ao\ﬁ tmcredse of bthe proton energy , one

has abowt tramsition:
W (JC) = \Jbr \0/ +:

M (£) = m,*'b'(ttv t)

with
= Eat‘t’f
and
gh ~ Al
Tioms
8 - 2 b/Max ~ Yims
Cles
with

%, D>

(2.a)

(2.b)

(3.a)

(3.b)

(4)



Indeed the steady vamp should ﬂ_%ard 3Y rother than
Y Aever theless the choice of *6 is correet + iwm facl
(ﬂb’)tr: €.54 £ 3.6:Uh, ) (ﬁU)Max ~ UMex , while The
shavper diffevence between ({33){“5 and Yo has a

snaller \x/e\'%\nt i

Equations (2) snd (3.b) can be worKed oul by ANEIN S
of dota available in Ref.d ; instead oq.(23) meeds a

few comments.

Souccessful opzrat’ions ivm the CERN PS have been

schieved <3 with AY =4 oand T, = O%wms , or
tr Jmp
foucah\j 200 vevolufions :  thew b"t_r ~ lo". Sivce the
¢
AICYOWIVL st’ability Vimnit ® Yequites a E{t_jump as fest
[ 4

as possible , as it will be seen im Sect-l) for the [EB
one Can envisa%e, AUh:A (3s for CERN PS ) awnd

Moy = 400 vevolulions  ( Ewice faster than CERN PS ),

be N9 Myey = Tiomp / Trev - Thew eq.(32) gyives:

\'J - 0.04 [ 5] (5)

r
Crev

Na\(inqo use of ¢qs.(2),(3).(5) 3nd bearing n mind
a3\l data of inbtevest Laken #fvowm Ref. 1, ovne obtains the
‘fo\\owtn% Table L, whevre the last column dewsonstrotes
how much the condition (4) is fulfilled.



Table 1

p, (Geve) ¥, s ¥Cs)
40 £.6%x 10" LO. 2
50O {.25 x 10" 36. 1
60 {.04 x 10* 40. §
75 8.37 x10°? 13, 3

4100 6.27 ~ {0° 5.

3 .

Y./ ¥

415
L7
157
24 8
122

TaK'w\% nlo account that the slope of the accelersTing
amp cen e writler as 6’ = (Utr-va\j)/ttf , 2q.(26)

becomes

YO = yE) = ¥, Yr;t?fv_ ¢
ot

v

(6)

In'Croo\ucima, eqs. (22) and (6) imto eq.(4) omne obrains

Sor swall valves of +':
o 2, . . )
«Z = —%-3(b'h-?f)f
which , cve to eq. (4), Curns nto

v o 2ad
1 Yor

(F)



2. Microwave Stabi\\'t’g Limit

Close to tvansition ewer oy the \on%jtudinal Stabi\itj

cxilevion

Zi

$

F i) By -\%t (éf,t)l (3)

L
2

no Icmcoer aPplies because "'“:0

Ovw Hre obther hand bthe ryise-Time of the instabiiitj

RY(Ve/ 1)
Te =T (%)
3 B \[l‘rtlvllfnzlzf,/'nl

becomes inFimile For the sawme teason.

This weans that , when the beam becowes

unstable 3% \‘Yll approdches 2evo | the mst‘;bilifg aa\rows

vexy s\ow\j_.
Note thal :

2/, = \oh%ftudiﬂbl i\mpeole.n(_b
= mode mumber of the Mm-wave

form $ackor (often set egual to 4)

——
—

= 9383 My
= pe3K current

Y.w. 5, mno'me.“‘tum SPre.aCI

-
—

o < o3



A caood rnode ) for the increase of the \oma‘\tucl\"ne\
emitta'nce, S is cai\:?.v\ \03 lwi s Q,quatiovx

45 _ * (40)
3
(&-%)

N
with Tg(t) caivth b\) q. (2), where ]’YU is replaced
\oxj v.q,(?F) ; hence:

4
D

A
oA
T ) 3/
H . T 2
Ac =\ M _ s 1 1 \{W L\ LT (12)
0

<y
n

wheve ] is the Time o\un‘n% which o.q.(%) is satisfied, ce.
L _ (13)

iz (@) 1515 @

\navima, Q%afh consi Aeved <q.(¥F).

Then com\o\‘nin% eqs. (1) and (13) owe obtains :

T(-VL_"“ D/tv Z’ll(i)z { (14)
P2 ST @ " I\ %/ (4R

Ag =

wiE



The peak cuvrent is i:<1>/B . where B=-0.25 55 the

bunc\n{w\9 fFackor ewnd (T) - Ng e.f3c,/C iy the aversge

. A
QUY'{QV\t 5 be§\ AQS( ) NT g NSSC /mbbtthas aY\d C_— SBH')

then
f: Nssc “ﬁtr N 0.365 A (15)
BSghm, e
hé\lihca Put
Nesc = 1.092x10> | Sg=48m , hm -~ 1190

-1 - - 0.9932
fat'l' J 68.6)1

Note What <I> = Bi ~ 90 mA , close to the uslves shown
v Table 4.10.1 ofF Ref. 9.

Olner quaht‘ities arte :

\Jt T = 0.04 , 35 stated before ;
¢

Zy
Ry - ?‘

m - ’t‘“v'&‘_wwe ~ (a few p,s)x(3 GHZ) ~ 101";

(2
é.E - -.l:“(:)."-5 = momenluwm SPfe&::l v the MESB )
p .

Lnsertin% all these data iwlo eq. (1u) ome obtsins

Ay = 0.081
°v S _ 108
Do

v.e. Yhae \om%{tvdim’al emiltance of all Yhe Five Tmteemediale
Eht‘((‘a\) Boosters cawwi of the &.4 9, 0“\3 .



3. L.o.m%t‘nem'm% of e Bunch

({o
L.On%€tud.‘ma\ space.—char%e_ Lorces can induce )buncln

oscillation dun*ma, Cransition cvossing because these forces
coumberact the RF fields below Cvansition ane foster the

RF fields above Trawmsitiown .

This dual behaviocur mmaKes Yae Bvunch \O\nfae,f before
tvawnsitionw 3wnd shorCev 3bove : the Nnatc,\r\ffn% belween
Ehe btwe diffevren lenoatks can oaive. vise To an osullatiow

of the bunchh- levu-at‘lq .

Tor » Pafabo\\‘c-slna.pe,al bunch , of equililorivw le.v\%‘Hn La,

the \o“%,itud{hal Sloace,-ckarcae. force act{fvxra, on 2

Patc\'el& inside HBhe bunch , is (10, 11)

P . _3Nely o (16)
T e L YT
where ‘ 10

N < muwmber of protons per bunch = 10

9= 44+ 2 O (vacuum-pipe -raclivs / beswm-vadivs ) ~ 4.5

< -R& _ RY . RE-%

h h
NUYN R owerage machine vadivs , Bz machine 22imuthh

h = hawmowic muwber ¢(¢s) = RF phasge ((sinchvonous )

“The modified Hawilbtowian for sxjmchfobron oscillations

becomes -



hwz}wvz 2 V in
(g, w)s pommlow’ - st [eosd-cong + g)ing ] -
_ 39 Nelc* 3 ($-4) (18)
4t €, Ly Wiy h Y
wheve
W - _A_E. - v (&Cn#-sﬁhﬁ) (1%)
Wyey vew
V = RF cw:t‘-voﬂ'a% = 600 KV
¢ = 300, ‘{50°
S5
“The Hawmilton equalions ave
LW hWw g W (20,a)
9'5 ToowW ﬁ‘?jfmc,"“l
. i 13 ¢)
W:—l\i z —S'_Y P - Sin EX Necﬁ(t;!s
éﬁ 77U (S‘v ¢ ¢s) 21 2 E°L3 -.-“\'\U
” Woo o Swow o, 3 NESB gigy (200)
R R U AL y '

PCT'FOTmiﬁ% 3 futther tiwme-derivation of eq.(20a) and t‘a\(mg

imle accounl eq. (20,3) 3gain , ome obtains:
;v G ke
¢ = ﬁzﬂ"mf:. (W'Vl 'VLW) ,yl ¢ + WY (21)

' T .
Siwce 4 - :;Lé' and %z. Tt v q- (3) ?{ues «2 = q,?t‘ and
e(i.(ZI) becowmes

(22)
M\wtng cowsidered ef. (20,%) awd kav‘m% assumed ¥ « ¢, gb 3 besides

0



a. 129 Nwcr¥e _ 2 hesd Vo5 (23)
= T Yev Cr
T L'g h B't':r T 3 r:i Ut-:’ VP

wheve VP: pct = 933 MV
<

’.Duﬁma the Xh- jump ove can devise Lo decredse the RF
cvest - voltage V  fvom the operaft woy valve (600 KV ) down
to thst wvalve V, which makKes = 0 ™ o (22); this v
is %(vzv\ by eq.(23):
Vo = — 12291\1/3:, eV
h™ ¥, | cos &, | Lg wie

which , beaﬁnca in mind Ewat L - B8Sg awd "‘va:lnfé s
(with fB.—.C/SB 2 dgFinzd in Ref.1 ), loecowes

\jo = 3% 5 INY? ~ 440V (24)
i B2y |wsdh| S,

oy Pfacﬂi\\y Zevo , «with He usud] valves (i.!. Nz lowppb)
B:0.25, Sgc43wm ,|oosgd | =3/2).

Uwnder these conditions eq. (22) scales To

df _ L df - o (25)
ae? ' d¢'
whose soluCiown s
\P: \PM—_‘Q_K‘C'Z (26

with its physical implications shown Fi%. 2.

{1
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F\‘ca, 2 Bunch dilvkiown over Transitiown

being ¢ - %E v - (26) jiclds K = bfsth wich gives
¢

K = ‘7_‘_[...._. , fov t: tl‘r*iit'

Juwp”

Ow the other hawnd egs. (19) and (203) , t‘oaw{,‘her o Bl

Hae velatiow hogw = Aw® (Bh' / Tg (Tp=16ms , as iw Ref. 1 ),

Oti\n.

- L ~ljvw~P y_ oS ¢S (2.’,’.)

LS
%o P,,,Vt-r Teliome  Vp

l«aviv\%- corfied ol the appronimafion simg-simd = P cosdh .
s o

Assessiv\ca Yo = 0 (b=t £ LT.) <q @& yields .

L
2

\FH_-. \Po (1 + T iy Tiump v c_o;¢s> (28)
Qﬁhﬁfh Tea VP

12



‘De*\‘h\*\% “z ~ Q-A?jtr x4

~ = 0.012% , bea\'ivxa N
jome B (5.6
ind tnat T = 10T, , 2 (29) gields the followimg
Table Il
Table 1T
p(Gevi) Tiomp (¥03) NOVAS
AO 0.264 1. 040
5o 0. 311 1. 043
©0 0.37%0 {.015%
6 0. 49¢ {020
{00 0.652 4. 0265

Nokte ®hat the R crest- value s Y evige beCween the

opuaff\‘mg 600 KV  swmd VN, cr‘v{vs bﬁ e (24> : i.e V~ 300KV,

i3



4. Modification of the Guide Ma%ne.t‘ic, Field

The procedure proposed st the end of Sect. D implies a
certain amount of th'ofd-SpifaliY\% , uwnless the s{.‘eady Yawmp
ot bthe %u\‘de, fwxaor«e,tic. field is s\io()lnt'\j vavied as illustCiated

v F\co 3,

'cjump

Ficb.'b Modified timg-dtvgv\dzhcg of tha IEB main '\maornet‘ic_ field.

Nama\g the ma?v\etic. field has To imcvease slower awnol
slower while the RF cvest- yditaqe s decreasing ; whew Vege
\oec.diws o grow 393w , the fmaar\e)ﬁc. field veturng swacthly

To Hae ovica"ivxal Yamp,

Should  the B vewp vemain steady , the vadial displacewent
con be evalusted by elaboratimg the velalion p=-eRB

AR - d(éz'_EAt) eI
A P B
wheve
A = .i_z. = 0.0135 - wowmenbuwm compackion faclor  (30)
3,
by



Th wormsl condition, over a simale. revolution owe has

AR - o, At-T ,_A_E’.:;'{ VY osn
R bt P Ay % %

L\}UCV\% assuwme d 515 ~ 9‘2 -

1§ Lkhe RF cvcst'-vo\ta%e, decredses liveavrly From \Y , for

S ttf— -‘g:’c.jump , to slwmost =zevo Gor t = Tt:r ( 2w~ d

Arowing 3¢ 3in towerds V in the inferval £ + ttr*!‘ztjvw))

eq- (29) has Eo be wodified imbo

AR (t) o A[&%i(i_ 1&.&1) __é_m(t‘)'t‘,w]
R ‘3“3&7 VP T)“'"‘P B
or
ALY I ot["“ﬁ V(120 _ B (wendT ] (31)
5 h (1) - T

wheve Moy = {00 and m' is bthe mumber of vevolutiown

Evsluating 6, = 2%(ﬁhé)"’ with &2 &, /(B8
(Ey = 075 wmwmmad) , B~ C/2TY;, , owe can edsily
shows in Lable W how Hie vadidl displacement (31) is
comparable Co or b\'%er thawn the vadial rwms. diwmensions

( 26 cowta\'m\‘m? 5% of the beawm ) .

Table 1Y)
R, (Gevi) Sy (m ) AR ()
<40 0.54 0.89
50 0.62 {. 41
60 0.63 2.29
15 0. %6 3. 3¢

1oo0 0.%3% R 01 /5



Perhaps a sharp drop of the RF cvest- voltage over few Coms
could diminish the vadial spirali\n%, provido.cl Bhol this

process does mot have mosty implfcatfows on the bunch diloCion.

(2-7)
Ne,\lef‘:hele.ss ) QCLDfdfn% to bthe ue_fj 3ood vegulls achieved

so far, 2 fast Uh-‘jump shoold secure a limited
enhancement of fhe bunch- Qtvxcot\n y 2uew without fwal(.'mca

use of a dent W the RF cw.st'-vo\tage..'

4. CLowclusiowng

ALl the five Infermediate Energy Boosters, proposed iv
Ref. 1 , seew To be 2ble to umdﬁcoo ’Grav\si‘cion-cvossm%
without any Kind of Cwsta'o'\\i\'v ; !?.:speo:b\\ﬂ 5 rather
quic\( Yt‘-)qu: is iwp‘emtmtmd.

Micvowave effecks ave just within fthe stabilily liwit,
whaile spau-c\navaz effecls should mot be very harmfyl,
even witlhhout Pg-f‘fovmiv\% soVhe %tjw\“ast'\“cs ow the RF

evest - vo\tacac, )

The techwical Fcutbil;t’j of the vaxiskiow of the B slo pe
vhould be futther discussed.

The s\\‘%kt worsening of the data peilaining Co tha last vows
of 3l the Tables caw be eliminated simply by incressimg Y,

in edch 1E8 , omly mantamina the ratio 40 6w /8.6 wpct) = 4.%6 (6
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