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Injectors and longitudinal physics -- |l

Acceleration - introduction

Space charge of short bunches (rf)
Space charge of long bunches
Longitudinal space charge waves
Longitudinal rarefaction waves and
bunch ends

Sl o A



== Hational “Brand 42-182 100 SHEETS

I

B,

SOW\W\OWL\ of Flond e,ciuai’lws
Lt nax) = gy? Popt) BT

- _ Fu
| ‘\_}_CE \{«\ —-Y\E'& éit ___E__ ‘FC)_C_\?\-%) 'F\:}V-E?.\Onﬂ,l‘r‘-'\

%Lx,’c\ m(x‘{\ &j? g Q(x,g{” Fuﬁgu&%nwm

Tog ADOIE BQUATIONS AdE LELATW TR Uy CQUASLT,
INn THe NOD-BLATIWVTY WwaT THE cNTIVNITY B9 VAL

Q) Y

ATWHSTLL — %* > ! iLt—\— Vxﬁ\— 2P
\6\( A w3 =

THESE Emwmm&s ALE SOVLEWMENTIY W WAvpel( EQUATTONS !

'?Q\(‘ E__Q(,;‘Hﬁ bcéﬁf{:)

NGED  ADDIMONA, BRUATIONL S0tk As F=0 on eroy zoompon
T ELMINME <ot 0F SQUMTIONS. '

Pressulle
Pootrs \ 56 -FUE-T)fend) o
éx = T b,
3 S Q{EBG\CE:%)-L-Emet\ .\f_,_%_“
'JIJT'\LN\ n(x
EQGH\OEI\ ' {{w—‘-\ + %ﬁ V‘C’S.»“
MQV\‘\WWW\ 75-; ‘ ..)i? - .\ - ._ t }
EQUATION '\8{“ + X ﬁ - \C§+ !Kﬁ\ wix.t) '-B“__'-E

e

= ETATY e b
2, 2 = I +12¢€ )= ;
L B=0 T 8= pod +E'—€ Let)= e

REMA 1 URCHADAE) £ TMe W Eduw. ER0ATION MY b¢ Whardlp:

e el

<l

)

&



g
B
Lok
g

AT3C4 50 5
q . " apas 100 M
.%mfhlmﬂnl Bramil 1300 260 SHEEYS EYE-EASET 5 SOUARE

GEN
{eu
(01w

DO wmany o Qn(d LGMC"WL\IW\ Lo
; o N '

U i
I D
& TT'}l‘l)‘ &co -Q 2\ AN‘WHM
Cowtent Dot Y f (.i \/
JF
LSRR (ﬂ = Suerain
/i ‘
E(%\=i\_/9§—3 ERLTHA C
@) e

(PERTA
N (T :(f 3\10\\?' (fi_ ' LONG mMM
| | o \moag\t?

vm ( \ (“\\

Ie wiE worrifwy ‘%T'ﬂ'\ﬂo- (To ACtoudT ROk 1% !?-PH)NJ):

T-da(3V (3] W
L )

2 Mo WS Lyl 55 ET 4 M= _\j_@ \{@‘/M )

Ne

:[:_ , D wIERIS
\-( = Qun pewvenvg = —— Lm
_ \/3/7. Ve
BAUE) AL o
GG QY= = -"VL pE) _ ()ﬁe_)
mmmﬁ) Wﬁ‘&g‘m e, “%L“%“} 9 \2




42-182 100 SHEETS

Matle In UL.S.A

.:'-mum%and

fi\wéuuhwif "géuﬂmmw

| fAccc-:LtW"Loo\)

VCOLU.‘)'Q

EE%E f-—--—-l

L.,.___j

fuls ' foge- uz_

-~ a

T SEOLMEA

\("@ CWQL\\.LQ —‘Pl'eq‘q'ﬂl/l(-l/") Nﬁ‘ﬁ m;mg fs@&M

: SR szmua

A‘ B 7%!'3-*%1?);“*5
, o@\vwﬁc
| Qw\r _

Far rowm

i

Iy ot "Gia‘w;

sl

Cuﬂléwne l\\md)
C< (00 Wlﬂe

—

| v_u f'm@;em;; ) QHB

Cm nu UMN L« mu:. )

E= otk
(o some  faEnepige)
Fumcnap)




ln_:z)ﬁ

P
=
&
=
=
g
=

hgg

L STUTEGY FOL  CACCULKHTING LONGITUD 1N B
EQUaATON? 08 MOTION

oe® [ oshoet Louches
_ Exreunme Brloud s Accelal ano FOgES

= CACCOLATE  enapoE (N fuise And ENBHGY gy
fWiTIeLE MOYTS  Flow AConERATHNG  BA/ D

htegLehbTide  OAP

—  MPLOYIMATS moron A5 ConTMVOUJ
- Slkee cprdoe FISLh UniFow DENSITY ELLivson )

2. Tunuemes /[ WONG  BunCusS

- EXTEUNAL FIeLD Accamm—'nau} FOLUSING, #ANj

COM(ETISIOY  Accomt{Li g By (LESLLIBiNG  VoLTheE
WAUT  EOLM -

CeEocuting (CONFPOMENT) IS DONE A Fokm €WD§

= Sihc tantal mieep: Bz ?{




‘grjj? &@m\lhéxﬁd ar,umﬁw ot watign

_J@g:jt—zﬁ—w R S

<
7 = N <70 - woe i
i .
&w l o %“_:Eh"‘a(“l\wma wl e miols
| ‘ s cot T &~ 0-s dg

\ \
Lu = condtn o umidn dictoamy
betudln el dube

B = G cai(&) €= Sywchvouay o b, eutery
ﬂfeggw{.,\)(,g <acin ﬂ)u, SN 114&%
Cowpimod on syNetiroN0wY fHitLe

[ 1 :
— 3 - W

Jny = X E“ " he LT, Ay € trantd

éu(vuwu e Oue

Prenoe fukeE touagve ™ \mo ah L ik jqr
- Ry = &W‘\ <« MZ%QME_/ QE"IT T —weody

O Q-wedg

(8 -4), = tsw(e ,M,W’% ::d;

e S H-

&P\!ﬂecﬁ‘ Y- E& %‘/ %

e b L e
B e P, _ { Al --S

T

o

A
”:"Hk% 51%’“/Lew6g1 A% }% A g Wu—d“\i\k,ud %‘{v _G E( (%_
—_
| L—'«\ W\&L\{?,\A~{&5|M'l \ <0UJ:X’: Ps“"c}’

Y




|
| Q

£ i

[T A

DIMILAIY | A PATE DIREBLENGE [0 Dyt

Aod  EELEY  chades (Ui To TR CHEON DY s
ACV\)"'MSBH = (LEu L-n (COQLpn'-CO&(Pg,u> I

[ DAVTRA B¢
DETWEGN

CaWs < %Eb L, c“\‘ls ) DAVET seerion |

= G+ B> %%% _ O o
Y - % -

EMEL@'\ (\ngmﬂ DIREOADNLE D)

AMOVUC Tiwte D rEERENLE
7 Cluwse T EEONENLE

\”H»‘csg D pEoASNUS 1w —*
THLD = D \Frefinee
™ eneley Garn




L

—

42-182 100 SHEETS
Mede InUS.A,

P e——
BN ot e

;;'-e,s*;f Auo ur coslz -com@ * eéuﬁ S

. UQHm T!-u: Acce:z.\;twn@u r'u!a‘t \ﬁ Swru-

,,,,,

" '— Q@wﬂ MUGO! uMLIMw
A(Q M-—w M@ AC\M \Ms\ qﬂm

.....

>>>>>

Us (“ W

% AL 42 .._A._.:l j 0 SM&J /1
éﬁ"’ >‘ 'X'seswcz !

‘mf- .

_ (isg 4_? - Csb(wcb\wohw mc;(, aﬁw)__’_ﬂ

-»a .ﬁ@ st f=11-;7~§t”m RS Y ‘lg 2

o
! i i . i }
S— .

—




RETVENING To AW — § Notamow

: - A\” = w "57: EEQ
L-Q-* ‘Q“ m{ 'A _(;i\&:,\ M(,'t'

y—— "

l 2 W= glah - coid,)

B T
"= ‘A%(Cﬂsc\a{—cm&zﬂ

M\')L—'{'\{U-tl&)fc gy é{' Ang 'ﬂﬁh@ﬁﬁ-ﬁm.ﬂﬂi
g:_z' = ‘ABCQN&{'— b\w'\‘&(‘) +  Cawt
2

Utivg k}"t ‘AN & Vi ng Ry M

S k- Rk« cony.

I

leinetic Potuntiyf | SR, qEocasq,
WAL MA!A&LX Js
: [ Accevetation
\/(&)t %(C(u(ﬁ-ﬁc?\ﬁ{g) ) _ ' MM@;
jv = Blen g —coaquﬁ o 4
:_All_ =« —B smh LS ) ?7;1‘*? lbs
Sy . .
- s € Q ¥ ‘\—a
?\0 < Te § ) = —— Focur g
LON G TV WKL : |

S .
oLt Ivg OVE‘I!M\UQ [Qum,;(p
‘ I'LE&!QM)



— =236

d=—3m/4

2+

b, = —1.5708
10F R R e r
: O=—1/2 f ¢ = —m/4
051 1 i
0.0} >
—0.5}
S0k N
-4 -3 2 -1 0 1

105
100

105+

71.0*“‘\““\““\““

V(g) ~ B(si;qb —¢cosg,)

For there to be a region of focusing around the
synchronous phase, -7 < ¢, < 0.
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Figure 6.3, Af the top, the accelerafing field is shawn

synchronous phose
the field is rising in time.
including the separatrix, the
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angitudinal -pofential well has its minimum, os shown

JUDINAL MOTION WHEN ACCELERATION RATE 15 SMALL = 77
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Check: for a spherical bunch
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Figure 6.4: One cycle of intermittently-applied ears. (a) Initial phase space (b) Beam
expands (c) Ear Field is applied (d) Beam is compressed (e) Beam expands back to
its initial state
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