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Introduction
(related reading in parentheses)

Particle motion (Reiser 2.1)
Equation of motion (Reiser 2.1)
Dimensionless quantities (Reiser 4.2)

Plasma physics of beams (Reiser
3.2,4.1)

Emittance and brightness (Reiser 3.1
- 3.2)



How do we describe and calculate the evolution of a collection of
particles under the EM forces in an accelerator?

O X = = @ [
Electric or magnetic Electric fields typically
elements that confine in gaps for longitudinal
or focus the beam acceleration and focusing

transversely

This array or "lattice” of focusing elements may be arranged in a linac or
circular accelerator

S,

S The Heavy lon Fusion Virtual National Laboratory s 1E-/ oy ﬂ %PPP[



-
\F

TS T

G

wmotioy

T U

e fHTie

ComrINEN

R e
| siz3HS 0 garay PRl




i P““*uknrm\c )

XTOLAL Eo

€

ey U BPEW
133rg Do zd ey







pondsnupoe
SLTHE 00k 28t




Space charge reduces betatron phase advance

Without space charge: X=x Cos[kﬁo(s_si)]"'%sm[kﬁo(s_si)] Par}icle orbit

With space charge:

Parti/¢|e orbit

!
Xi

+— sin[kgo — (s - 5,)]
kg Oy

O
Beam envelope "’

X=X cos[kﬁO g (s—s)]
Oy

o/, ~ 5118 ~ 0.277
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Accelerator beams are non-neutral plasmas

Magnetic AR Inertial

confinement ¥ j confinement

fusion {4« fusion
B

Nebula . . . 5

Solar copé

Solar wind gonsign
AN
interstellar space ppuocacdant light
Accelerator beams
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Copyright 1996 Contemp orary Physics Education Project.
Inmgm (“OLIF'I:"- O{' DOE {'LI ion |ub>, N—' J—'. tll‘ld JT&:“{&: —'”"'k:'h

S The Heavy lon Fusion Virtual National Laboratory s 11 E ﬂ %jjpppl



37 BAWALD (0

___stésci;\(f(lQm" a8 e ReAwm

i
O

\_\0 \N\ l.t. A Tﬂmtw; R “Q\NS ,,,,,,, o '{wkw(ﬂ\wi

L in (has&,_ws}fq,c;e”,

L

,-_r 4 Jk\ 43 4‘,& Jhg‘%

e couhuaidy

‘- U\\:m’h&mi ?huxtz gfau_ .......... 1;

V‘ (i = -SQ, | FB‘“L i.g. \&a‘b -B_E E

(V * v. ) *“L (9 b "Q“’ﬁ"*ﬂf'i'!\mwu wc(ecﬁd\!z‘n;,,,,

o\ H&m H-;)w@._m H(c{_.é_ i




| | f < | P | .- R a Elh{i\i ﬂiﬂ DE— Q@ ____
Bt 4 ;‘Eitwme $S L BN :
QLo C@umoeqm;._iapm,._\I&m\)% Eouana) = 8N _

Ty T

t
A

”\*’\‘”D@amn% AN O
T t:wu TTRRCE & U&e TLME—%MC& ae A—u, mm@-:f WAL

Cb\\aa'ftﬁ ‘suoé" 0?' \SA:MM AN S O O M
3

_Lmve&& QC‘; ?x use O»ort NON- W:CcéLELMMé;: MMXW.-QH«F

v

V;,ﬁ 1 &Eﬁw x PuLOMM”tQ%Q ’m mgmg‘j?‘UM

L _Ewrmuce | ;;F- ’Mm m—— smmcf;sr eturcs L-JL-UCM L:mmam

N A m:.f__cu\- 1 _waes ~Stes bmumou)
(m-\—umum. PLODRT OF \31DTH 1M Koy TUMET WM x!
'S0 1T 1 essmnm.u\ (ot eperor o ) = fukie! sm&eﬁ%ﬁ‘?& eﬂﬁf"ﬁ{"wh_-_;".ﬂ

28D peprnmion mum.xle& Sm‘l'lmcm w(}LA(aés m‘ 1~1) ol D@L,,
| (Coth k_—& V‘W\S\ - L . |

L( (_<;< >4x’°7 - <><>< 7 )/"

f

.F@‘\ QA U‘\Ng\/\ﬁ' \)v\s"(“‘\X\'M HMMA (m ’i”“"“jt ‘{ﬂt’-()‘




ol hov jftmﬁ’“ w ac.u,@

e

| o P e
A szeD) | B n«mctg | - n
: | J ; | i

.um‘{‘mﬂ- Q@‘ QAEML %1&&:} m%fln
?ﬁ ._‘L)!ka q..,__\émuz x

AG&-ILL\ Mww«\uj VNG

"e.’/ N

D €= ‘”K C<x

g

<x K’}

YQ erc.

<"‘Px> )

{i

[ ag
"\
TN
S
Rt
e L
>l
v

|

Suaee ﬁmrr-'wt@ IS THe mam-:,,,fusm sim MM 08 EEHm |
cwewmmmm emvck( S(E) | Tae. STn
,5,5 3 wam _%fmwwx r*a {G&GQLFNG Wf’(‘\ W’vi‘% J:

,__MC*? N @Q\\)&LM %&ﬂmﬁ

L G-D qunte SACE 1z

kg




Emittance is constant for linear force profiles
and matched beams

Linear force profile (x” = - k2 X) => Phase space area preserved, ellipse stays elliptical.
011 0.2 0.3

s=0.0]

Emittance = phase space area Here, width of beam is oscillating or “mismatched.

Emittance constant if forces linear

Non-linear forces (e.g. x” = - k2x + ex3) — position-dependent frequency
— phase mixing, increasing effective area = Emittance increases if forces non-linear

s=0.0 | 3.0 7.0 23.0
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