
EMMA (Electron Machine	  with	  Many	  Applica/ons) Injection Line 

Commissioning	  of	  the	  
EMMA	  injec2on	  line	  
commenced	  in	  March	  
of	  2010.	  

The	  energy	  recovery	  
linac	  ALICE	  acts	  as	  an	  
injector	  for	  EMMA.	  
ALICE	  will	  provide	  single	  
bunches	  of	  electrons	  
between	  10	  to	  20	  MeV,	  

and	  up	  to	  32	  pC.	  

Space-‐charge	  effects	  may	  be	  significant	  due	  to	  the	  low	  energy	  beams,	  
leading	  to	  emiKance	  growth.	  

The	  par2cle	  tracking	  soMware	  GPT	  (General	  Par2cle	  Tracer)	  code	  is	  chosen	  
as	  it	  includes	  a	  robust	  package	  for	  modelling	  space-‐charge.	  

Modelling of the EMMA NS-FFAG Injection Line using 
GPT 
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Space-charge in GPT 

Modelling in MAD and GPT 
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The	  injec2on	  line	  was	  ini2ally	  modelled	  
in	  MAD,	  which	  ignores	  space-‐charge,	  
with	  the	  transverse	  beta	  func2ons	  
shown	  to	  the	  right.	  

The	  same	  sec2on	  was	  then	  modelled	  in	  
GPT	  for	  comparison	  with	  MAD.	  The	  
equivalent	  GPT	  plot	  is	  shown	  below,	  
transpor2ng	  a	  beam	  of	  10	  MeV	  	  with	  	  a	  
bunch	  charge	  of	  0	  pC	  and	  a	  finite	  	  	  	  	  	  	  	  length	  of	  ≈	  4	  ps.	  

The	  twiss	  parameters	  and	  quadrupole	  
strengths	  were	  extracted	  from	  MAD,	  with	  
GPT	  tasked	  to	  re-‐op2mise	  the	  4	  quads	  prior	  
to	  the	  tomography	  sec2on	  whilst	  
constraining	  the	  transverse	  beam	  
parameters	  at	  the	  start	  of	  this	  sec2on	  
(quadrupole	  matching	  aMer	  this	  sec2on	  is	  
s2ll	  required).	  

The	  main	  source	  of	  discrepancy	  between	  the	  results	  from	  MAD	  and	  GPT	  
appears	  to	  be	  the	  amount	  of	  edge	  focusing	  in	  the	  horizontal	  plane	  due	  to	  
the	  dipoles.	  

s [m]
0 2 4 6 8 10 12

 [m
]

!
0.0

0.5

1.0

1.5

2.0

2.5

-310"

x!

y!

s [m]
0 2 4 6 8 10 12

 [m
]

x
!

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

-310"

0pC
10pC
20pC
30pC

s [m]
0 2 4 6 8 10 12

 [m
]

y
!

0.0

0.5

1.0

1.5

2.0

2.5

-310"

0pC
10pC
20pC
30pC

s [m]
6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2

 [m
]

x
!

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60
-310"

0pC
10pC
20pC
30pC

Future Work and Conclusions 

Space-‐charge	  is	  locally	  equivalent	  
to	  a	  defocusing	  quadrupole	  field	  
in	  both	  the	  x-‐	  and	  y-‐plane.	  The	  
transverse	  emiKance	  evolves	   	  	  	  	  	  	  	  	  	  	  	  	  to	  the	  above	  equa2on	  

(with	  a	  similar	  expression	  for	  the	  
ver2cal	  plane).	  

Due	  to	  this	  beam	  blowup	  the	  
transverse	  beam-‐size	  is	  
considered	  (see	  leM).	  

The	  results	  were	  then	  
recalculated	  for	  three	  separate	  
bunch-‐charges	  (10,	  20	  &	  30	  pC).	  

The	  plots	  to	  the	  right	  show	  the	  
different	  bunch-‐charge	  regimes	  
in	  the	  x-‐	  and	  y-‐plane.	  

The	  beam-‐sizes	  are	  similar	  for	  
the	  bunch-‐charge	  range	  that	  
will	  be	  injected	  from	  ALICE	  into	  
EMMA.	  This	  will	  allow	  modest	  
quadrupole	  strength	  
adjustments	  during	  data	  taking.	  

The	  plot	  below	  highlights	  σx	  for	  
the	  tomography	  sec2on.	  As	  the	  
beam-‐sizes	  are	  almost	  
equivalent	  at	  each	  phase-‐
advance	  interval	  of	  π/3	  it	  may	  
be	  possible	  to	  avoid	  rematching	  
for	  each	  separate	  bunch-‐charge.	  

to	  increase	  the	  longitudinal	  size	  
	  	  of	  the	  bunch,	  extending	  the	  
	  	  charge	  over	  a	  larger	  physical	  
	  	  volume.	  

	  	  Similarly	  this	  analysis	  is	  for	  a	  
	  	  beam	  energy	  of	  10	  MeV	  (at	  the	  
	  	  boKom	  of	  the	  injec2on	  energy-‐	  
	  	  range)	  where	  space-‐charge	  
	  	  effects	  are	  more	  profound.	  

according	  	  

o 	  	  	  Once	  the	  remainder	  of	  the	  injec2on	  line	  has	  been	  successfully	  
op2mised	  using	  GPT,	  the	  next	  step	  is	  to	  repeat	  the	  analysis	  while	  varying	  
other	  beam	  parameters	  (bunch	  length,	  emiKance,	  energy,	  etc.).	  

o 	  	  	  Installa2on	  of	  the	  EMMA	  injec2on	  line	  is	  now	  complete.	  

o 	  	  	  Ini2al	  data	  has	  already	  been	  taken	  inclusive	  of	  very	  preliminary	  
results.	  

o 	  	  	  Measurements	  in	  the	  EMMA	  ring	  will	  begin	  in	  the	  coming	  
months,	  which	  will	  then	  be	  compared	  to	  further	  GPT	  simula2ons.	  

o 	  	  	  The	  modelling	  of	  the	  en2re	  ALICE	  to	  EMMA	  injec2on	  line	  in	  MAD	  
and	  GPT	  had	  been	  compared	  in	  the	  absence	  of	  space-‐charge	  

o 	  	  	  Further	  work,	  such	  as	  rematching	  the	  line	  in	  GPT	  and	  aKemp2ng	  
to	  eliminate	  the	  effects	  of	  space-‐charge,	  is	  being	  explored.	  

One	  possible	  solu2on	  would	  be	  	  


