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Rapid acceleration has been demonstrated in EMMA without
amplitude growth?.

Many practical applications of non-scaling FFAGs involve
accelerating much heavier particles and therefore acceleration may
be slower than in EMMA. Investigating slow acceleration and the
subsequent beam behavior is therefore of importance.

Cross tune space in EMMA by acceleration in an RF bucket with a
range of slower than nominal acceleration rates.

Determine if there is any transverse amplitude growth due to lattice
errors.

Compare with Zgoubi simulations to determine agreement.

Draw some conclusions about possible emittance and amplitude
growth.

[1] S. Machida et al, Nature Physics 8, 243—-247 (2012)
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Can only measure charge centre in
EMMA  therefore single particle
simulations. Measure sliding value of
standard deviation of transverse
coordinate.

A horizontal bending field error is
used in the simulation to represent
the believed septum stray field in
EMMA. This provides a driving term
for possible horizontal integer
resonance excitation.

Results here are compared to R.
Baartman’s formulation of amplitude
growth from resonance crossing as a
function of crossing speed and error
magnitude.

Single Particle
Simulation in Zgoubi
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Amplitude change [mm]

Single tune crossing amplitude
growth analysis in EMMA

Amplitude Growth
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Some EMMA experimental results
{ of the same amplitude growth
analysis technigue used for single
particle simulations.

| No growth can be concluded form
single integer tune crossings when
analysing the standard deviation of
a horizontal coordinate for EMMA
data.

4 6 8
1/sqrt(Q’)

10

12

14



s Multi-particle simulation sin Zgoubi and 4.:-)

2G .
2% EMMA experimental results.
=5
Ec .
o3 Zgoubi . _ , A0 e el i
T - - - Similar behavior can be Experiment
seen When Compa ring 21 ‘ Phase Splace I“eCOIlStru(I:tIOIlI
17 . . --- Hor. Integers
_ the standard deviation - Vert. Integers
U .
% 16 vi of  the horizontal
2 . 19
a { coordinate for both =
=515
E / cases. 218
E 3
S 14 =,
z é._.::‘“.':‘.?- g 17
13 s 16
g . . . 15
(o —1Ph 0[ N 1 2 3
dase |ra
60 : L 00-150-100 =50 0 50 100 150 200
& 50 Phase (degrees)
g 40! PhaseNo. 6 PhaseNo. 6
: B STl [ ] £
o | Ao o it
£ _9 0
& 0 5 n 15 50 3 30 Eg0 2 4 6 8 10 12 E,6/0 5 10 15 20 25 30 35 40
g 7l =k g4
7] 5 3
%‘_3, / <1 e 3
@ T 0 . T 0
gzl z 7 2 4 6 8 10 12 = 20
23 ES : E¢
82 29 ! 4
@ . . . 5 1
0 5 10 15 20 25 30 >0 ' : 3
Turn 0 2 4 Tfm 8 10 12 =0 0



Momentum [MeV/c]

ke Multi-particle simulation sin Zgoubi and 4.:-)

sqrt(2] mean) [mm-1/2]

‘_‘E )
9 EMMA experimental results.
55 ] Phase space reconstruction Cockceroft Institute
b} E Zg O u b | 21 T T T T T Accelerator Science and Technology
i =P . . . --- Hor. Integers
18.0k | 20 --+ Vert. Integers
17.5 glg- |Experiment
[4h]
218
17.0 g
S U - S A
=17
16.5 s [N T /L
o
= 16
it N
15
15.5
, , , 14 50-150-100 =50 0 50 100 150 200
-3 -2 -1 0 1 2 3 Phase (degrees)
Phace lradl 100 -
60 = 80 "':W\"*
50 = 60f 1| |
a0t g 401 1|
5 20_ ] n
30 © olel
I —_ 250
|20 E 70 i
10 g gﬁ : ]
I . |
% 20 40 60 80 100 E% , |
~ 9 T T T 2 )l
28 S i |
£7 = 250
= 6t g 70 :
[gs] | E 6 '
5] 5 —_— 5 []
g4 o 4f |
5 o 53
g IJ/W\\_W ) 5‘3 8 : Il Il I Ml |l Il ] 0 Bilu ]
05 20 10 60 80 100 = 0% 50 100 150 200 250

Turn Turn



er

BBy Multi-particle simulation sin Zgoubi and . )
EMMA experimental results. ¢

versity

The Universi
of Manchest

The Cockeroft Institute
of Accelerator Science and Technology

Analysis of Zgoubi results may provide us with some insight into the behavior in EMMA
if there is good agreement.

The animation shows how some particles are boosted to a higher amplitude when
crossing an integer tune but subsequently there is some decoherence effect and the
standard deviation of the coordinate decreases, however the action or emittance is
increased.



