Presentation notes

Wideroe Criterion — (=

Suppose the is a uniformly distributed magnetic flux CP :S%.AEZ
Vafi't “ﬂ Cl‘a—’ﬁ-ﬁz @

Relevant Maxwell s -ng;ue:’rion ; éi E. C( I =- § = -é%j @ AZ’

NT4 (_ff 'S uu)»euula Ais%lk&eé, @A&
: : E [}
e $3=- 3 Bt 2 .o
2T
Let's now investigate the magnetic field variation on th§ or/%it of the
electron: /r \ 4y
f, eB = J\;: -6_3 w
r e

%o 4[~¢, Cpu&‘l—feﬂ PD( M_\—aﬂ—(— mésug Hhea Hee C\Mmamé McLaM)(ic
Peld

=) 2
. = - : - B 8
p- F= q,(w‘v/@) -3 Wy ik
7‘ 9- VxQ
lon 'flquwl—
¢ aceleration
&Parce fermn teren Ly 4o \)e,(QCJl'a—

W healor wmantion: dvesy

Vlk'.f\' \,qé \'o c,[«awkae{‘(np



8 () =KL2 _, g Gwd =0

27

=) 3 = 2 (éqt(z)

—

So, the flux through the orbit must change at twice the rate of the
magnetic field at the location of the orbit to maintain constant electron
orbit.
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Phase Stability

The particle accelerators have a large number of sections (or one section
that is traversed over and over again). One method of achieving consistent
acceleration throughout the device is by adhering to the so called
"synchrotron condition", that is to assume that the particle will arrive at
each accelerating station at the same phase of the RF voltage.

By implication, there is a perfect particle that adheres to this perfect plan
for the accelerator system, l.e it has the right energy and traverse time
through the structure to receive the right increment of energy. But we are
also concerned with other particles that deviate slightly in energy and
transit time from the perfect particle. Finding out whether these particles
that start near the perfect particle in energy and transit time stay with the
ideal particle in this "phase space" constitutes a Phase Stability problem.

We will find that there is a strong stability condition that dictates that
particles near the ideal particle will remain nearby and oscillate about the
ideal particle in energy-transit time space.

Since these oscillations were first analyzed for a device called synchrotron,
they are called synchrotron oscillations.

The concern is that the particles that are different in energy from the
perfect or synchronized particle arrive at a different time in the RF cycle,
and will experience different acceleration force. The question is whether
this difference in energy gain reinforces the disparity in transit time to the

next station (unstable case oLreduces it E}?ble case).
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Synchrotron oscillations

We want to find the difference in the time it takes to traverse between two
accelerating sections as a function of the difference between the
momentum of a particle and the momentum of the synchronized patrticle.
Suppose we have a number of accelerating stations.
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The progress of the ideal particle through the accelerator is charted in the
design of the device. In general however, a particle will deviate from the
design motion, and we wish to develop equations of motion that treat

those deviations:

{4

T: tiwein *en/a.( b&mn pa,ss«ﬁ;\s o# 2  Successive s‘" a.:ﬁ‘ovms 3@(
ideal po.(-h'cle
L . Spe ce b dwee«v\ stakions

V1 Pa(-‘—«‘c(& SP“J)
z- L
v

“S'fw.""omi tie due + deviakiong  in L or V:

S S



This 1s Yime diflecence between e
m v Sne pa.c\rtc\e ond  Sowe c.,é[,g

- < N it (id's net ad»ou\&e o time
) T L % V Pac Qc;\)(;\ocj“j ‘t’t'f e Sowe ?ai—kfc(ﬁ)

\ngr speed pacticle tekes \ess e

We NM‘\’ 4o COV\W+ .‘%t- m Fexnns og_ womentana :

One can show that

AU = L‘éf.
v ¥
introduce

Ju_ ) (dp
T e (5)

)\W‘; Y+ s determined by the time and device being studied as well as
its particular design

ndr [y _ _\_‘S dp
T \(tz YL F
—~—

=1 He slp 7804;(3(

ak X, =X, U Plps sign . This emrpy is
Clled The + fa.VLSI'“'l'bV\ Wja-,
hance Subsd(?‘\' t

s4ation 1 statien N+l .
. ener
E=t — - —++E= 54
E‘n—b Enl ¢: Phase o#h
d)n ¢ﬂ{-’ @FCI«J( t %acce,fe/a.,&m&

Vd"’aﬂe_



6.3. v Cp" g)m Charges Posi#eew
,‘/_<[¢S B ) R V. /¢3

>

NSt

w

chavges Trom one cacle +o the
¢n+' = ¢n + w(f T4 P wae f( " [ .
hert because its Aransit Hme

DTt \ ©$ &QQW'\' (irbw\ ‘\*{/{,
= Py Ocf Tany -cm'x %T‘Lm Nous ?a(\__,\c\i

o \ai= Guv LagTan (22 \.% flercnce
| e,z(y.q;:k(ov\ ng,

(.22 \n E&S) ‘
wation.

Note . To orive of Hhis Condition, He bosk (ske) stacks
+otal ‘Pl«ase .
Fa= B ef M'\;\ﬂ ot He st chaton.
1 focmé s netakion Yo whre duce cmneccssqra Cowelfcgd’fov\ and

Som

a.\loc‘été it here, ook '\"'I‘& Q?M‘ (KSUL“'S are He samne

Th a 5‘@&‘\)(’0'\70:/\ 83-('«a-‘»("(on, oarﬁt_—_y_hﬂ} omd s
“néepe/\c&@«-k of fL.'L".s clled e  hamonic nom ber:

We now »\a\ne P‘Mse A;eeer‘cnce as a ﬁumr"(‘en c:e Mow\m-\'qvvl

Vatiou"iow. We ne_eé a 5Q_C°v\c§ Q_iua;k:@t/\ to sol\ve €°( d & P
(of E as i+ s cuk):

(Es )n+\= (Es)n + eV Smde (2:23)
[N

\emwa,-a, o;?, S‘Jvu:'ztrbus Tar-l—“c[e o station n



V- amplffucle—“‘l e ocross e Couu:\a )
¢5 . (leusvt,‘l O-inVo-t -ﬁaf |c1%l Pa(-‘—\c,le (Sav\,c[«fo:/\oog Pl‘OLSC.)

f@( angt Fad—«‘c(e, Enc\= Ent eVSiag, (2. 3u>
Sct & e@emo: n aue‘e-roil‘w k
Veloc.i"a MU + CxresS ?@/\A +-

dffercnce LI p)uﬁe oﬂa(rh’a—l{

AE= C-Es
w - Sin —o subfract Hhe fwo
A = BBnt @V (sn8n- siubs) = o e o
dp _ > 2B

——i —
P v E ‘761\544 n 2.32

ocf T c?
d,,*( = ¢n+ i;k__ bE‘vu\

v Bs (Dn\ffffﬂ"&e

BEnci= DEn+ ev(sm(@n)- sa(s))  (217) ¥ (2.38)
" 5365‘

So will particles close in phase space remain close? What follows applies
to circular accelerators, but the argument is nearly the same for linear
ones.
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In this case we looked at three particles that start with different energy and
the same phase. You can see that the difference between energies gets
reduced and so the does the phase slippage on the next station. This
reduction in both phase change and energy slippage from turn to turn is
the seed of stable oscillations.
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1. There are two points in the phase space at which the particle
undergoes no phase motion:

+ |deal particle with @ =@ & AE=o

+ Point on the separatrix, called
the unstable fixed point. The i
closer point separation on the AE
unstable fixed point indicates
that the particle moves very
slowly in this region. In
particular, a particle on the
separatrix moving towards the
fixed point would require infinite
many turns to reach it.
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Figure shows 3 stable fixed points

2. In the case of a circular
accelerator, where the harmonic number is generally greater 1, there could
be many stable points distributed and spaced by 27T ( see we\‘awc below)

3. The area within the separatrix is called a bucket in accelerator jargon, so
this figure depicts three stable buckets.

At LEP, ONLY 4 buckets are occupied. The length of LEP is 27 km and the
buckets are about a meter about. So just over a 0.1% of buckets are
occupied. Note that each bucket basically means a 2pi shift in the radial
frequency angle of the RF pulse.

Electrons in each bucket are called a bunch.

4. If the synchronous phase is zero or PI, the ideal particle is unaccelerated
and the phase stable region is the entire 27C

these are called stationary buckets. For this case, a particle outside the
separatrix will simply oscillate in energy and may never leave the



accelerator. However, it is an AE
unstable particle because it will
continue drifting in phase.




