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Acceptance of FFAG
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The motivation of the study is
to clear the behavior of the acceptance of FFAG
and to establish the strategy of the design
for FFAG with the large acceptance.
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B= BO? g 9 Equations of motion
m(i - rq®) =e(rgB, - zB,)

N
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r dt
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F-Field
Easy to change the parameters



ringl ring2
magnet type triplet(DFD) triplet(DFD)
num. of cell 32 16
k value 50 15
orbit excursion 0.5m 0.7m
average radius 21m 10m
B@F/D 1.8T/1.8T 2.8T/2.8T
F/2 opening angle 0.026rad. 0.052rad.
D angle 0.018rad. 0.036rad.
phase advance (H/V) | 120deg./61deg. |131deg./103deg.

Horizontal acceptances of two rings are
surveyed with various k values.
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The Shape of phase space plot is distorted from ellipse.
In this case, the acceptance can be defined as
the total area of phase space divided by 11 .
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Number of turn = 128 turn , physical aperture is set aimost infinite

acceptance(mm.mrad)
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----- acceptance (N=16)
----- acceptance (N=32)
----- orbit excursion (N=16)
----- orbit excursion (N=32)

— Largek value

Tendency between the acceptance

and the phase advance is the same in two rings.
-- Acceptance becomes smaller as the phase advance increases.

-- Acceptance becomes small rapidly around the structure resonance lines.
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Normalization (2)
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phase advance(deg.)
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Nor. acceptance(mm mrad)*kN/r,

Phase advance, k, N and r0 are fixed,
the horizontal acceptance is estimated from this figure.



acceptance(mm.mrad)
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----- acceptance (N=16)
----- acceptance (N=32)
----- orbit excursion (N=16)
----- orbit excursion (N=32)

100 120 140
phase advance(deg.)

—= Largek value
Tendency between the acceptance

and the phase advance is the same in two rings.
-- Acceptance becomes smaller as the phase advance increases.

-- Acceptance becomes small rapidly
around the structure resonance lines.




1ines Acceptance

o Scaled FFAG has no tune-spread caused by
dP/P.

— The tune-shift caused by the higher
order components of the guide field
determines the acceptance, especially
around the strong resonance.



Sextupoleis the dominant source in this case.

H :J/b(s)+S(S) NE J - f :action - angle
6 V : perturbati on term
°© J/b(s)+V(f,J,s) S(s) : coffeiciant of sextupole

Average over (p and over s

~ le C % S+C ' % ' '
<V\,lGf >= - e Q dsb (s) S(S)Q b(s') “S(s')ds
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Reference:R.D.Ruth AIP-153 p193
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Consideration for s ngl e cdll and only dominant term

1<V, G > N : number of cell
Dn = : m: tune per cell
7, N3oc G
SO b ()5 5(s )COS3(y (s)-y (s)
Q In 3pm

Sextupol e coefficient §(s) of FFAG

=B, 0 =B, 1 +_ N k(k-1) %2 + »08 (Tayler expansion, r=r,+x)
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B,<0 - $(5)<O @Focus
B,>0 - §(5)>0 @Defocus
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The normal zed reI ation between
the acceptance and

the phase advance is obtained fg“;j;’jf T
e k8! *-- N=32
Thetendency of therelationis  §.. /4
analyzed with the formalisms S N Voo N
of tune shift. T TR e

phase advance(deg.)

Only the phase advance determines
the horizontal acceptance in FFAG.
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We want to know whether the resonance
crossing Is possible or not,

for the design of non-scaling FFAG

or the design of FFAG under the condition
In which to keep scaling is difficult.



Tune Diagram of Test Field
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normarized RMS emittance

(mm-mrad.)
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num. of kick = 1 (kick/360deg.)
num. of kick = 2 (kick/180deg.)
num. of kick = 3 (kick/120deg.)
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The quantity of the emittance growth decreases
as the number of kick increases.
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normarized RMS emittance

Continuous accerelation [acc. rate
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The emittance growth Is In inverse proportion
to the acceleration rate.
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Stop band i1s negligible.
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. acceleration rate

Magnetlcfleld determl nes d_n

dE dTurn
dn dE dn
Rate of tune change 0
dE dTurn dTurn
9N 0,00365 (kev )
o dE
g o dn

v =0.31234+0.00356E

= 0.00365 (keV *)* 3(keV /turn)

o
oo

——————— dTurn
160 180 200 220
Energy(eV) » 0.01(turn™)

If the COD Isthe same order asthat of this example,
The vertical integer resonance crossing will be achieved
with the rate of tune change an order of 0.01(turn-1)



Summary

Acceptance of FFAG

The normalized relation between the acceptance
and the phase advance is obtained

The tendency of therelation is analyzed with
the formalisms of tune shift.

Only the phase advance determines
the horizontal acceptance in FFAG
Resonance Crossing

The Acceleration field can be the source of
the resonance and the quantity of the emittance
growth decreases as the number of kick increases.

The vertical integer resonance crossing will
be achieved with the rate of the tune change
an order of 0.01(turnt)



