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Track	  through	  iron,	  cyrostat,	  inflector	  
Construct	  transfer	  matrix	  about	  trajectory	  
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Transfer	  Matrix	  :	  Kick	  	  [Matrix	  symplec2c	  error:	  	  	  1.185E-‐02]	  
	  	  	  	  1.61951	  	  	  5.68287	  	  -‐0.10265	  	  -‐0.12099	  	  	  0.00032	  	  	  0.02890	  	  	  	  :	  	  -‐2.820E-‐02	  
	  	  	  	  0.29750	  	  	  1.65985	  	  -‐0.03583	  	  -‐0.05500	  	  	  0.00025	  	  	  0.00047	  	  	  	  :	  	  -‐1.318E-‐02	  
	  	  	  -‐0.08510	  	  -‐0.05582	  	  	  0.44649	  	  	  3.19115	  	  -‐0.00014	  	  	  0.00884	  	  	  	  :	  	  -‐9.206E-‐03	  
	  	  	  -‐0.02370	  	  -‐0.04136	  	  -‐0.25378	  	  	  0.40416	  	  -‐0.00010	  	  -‐0.00031	  	  	  :	  	  -‐5.138E-‐03	  
	  	  	  	  0.00776	  	  	  0.04529	  	  -‐0.00296	  	  	  0.00323	  	  	  1.00000	  	  	  0.00046	  	  	  	  	  :	  	  -‐4.947E-‐13	  
	  	  	  	  0.00000	  	  	  0.00000	  	  	  0.00000	  	  	  0.00000	  	  	  0.00000	  	  	  1.00000	  	  	  	  	  :	  	  	  0.000E+00	  

Extract M and x

ref

from N as per above. The strategy is readily extended to the full 6 dimensional
phase space where
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where � = �E/E. So to determine the evolution of the phase space (that is the twiss parameters)
through the iron and inflector into the ring we simply compute 7 trajectories. We can in principle
use the same 7 trajectories to determine the transfer matrix between any two points along the
reference orbit.

4

The	  6X6	  transfer	  matrix	  propagates	  the	  6-‐d	  phase	  space	  vector	  

Transfer	  matrix	  through	  iron,	  cryostat,	  inflector	  
Total	  length	  =	  4.39m	  
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40	  mm-‐mrad	  beam	  clears	  inflector	  if	  at	  exit	  
βx=2.45,	  αx=	  -‐0.41,	  βy=19.1,	  αy=	  0.045	  
	  
σE/E	  =	  0.15%	  clears	  inflector	  if	  at	  exit	  
η=	  7.96,	  η’=0.057	  

Propagate	  backwards	  from	  downstream	  end	  of	  inflector	  through	  backleg	  iron	  and	  
through	  beam	  line	  quadrupoles	  

Quadrupoles	  
op2mized	  to	  minimize	  
α,η,	  η’	  at	  entrance	  to	  
beam	  line	  and	  with	  
“reasonable”	  β	  

Beam	  travels	  right	  to	  leg	  
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Propagate	  forward	  through	  beam	  line	  quadrupoles,	  backleg	  iron,	  inflector	  and	  into	  ring	  

σ	  =	  [βε	  +	  (ηδ)2]1/2	  
ε	  =	  40	  mm-‐mrad,	  	  δ	  =	  0.5%	  

Q1	  

Q1	  requires	  
large	  aperture	  



Segments of Beam Path from 
Beam Line to Storage Ring

(1) hole in back leg, (2) storage ring fringe field, (3) inflector channel

(1) (2)
(3)

3From W. Meng, June 2008 collaboration meeting
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How	  do	  twiss	  parameters	  propagate	  through	  iron,	  cryostat,	  inflector	  into	  ring	  
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Effec2ve	  gradient	  	  	  	  	  	  G	  ≈	  (1+cos(63.9))/2	  (ΔBy/ΔR)	  

N.S.Froemming  |  Muon G-2 Collaboration Mtg. |  2013.04.05

“Injection Region”

2

Wuzheng’s detailed 4.3m field region

63.9	  deg	  
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Twiss	  parameters	  (A-‐matrix)	  is	  chosen	  to	  be	  single	  valued	  in	  ring	  
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β,α	  at	  s=0	  are	  chosen	  so	  that	  40mm-‐mrad	  beam	  fits	  through	  inflector	  aperture.	  
Quads	  upstream	  of	  iron	  (F-‐quads	  and	  D-‐quads)	  op2mized	  to	  achieve	  reasonable	  values	  at	  120m	  

(Energy	  aperture	  has	  not	  been	  op2mized)	  
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Conclusion	  
-‐  There	  will	  significant	  horizontal	  defocusing	  in	  dipole	  fringe	  
-‐  Beter	  es2mate	  of	  effec2ve	  gradient	  will	  be	  determined	  from	  

OPERA	  calcula2on	  of	  B-‐field	  along	  injec2on	  channel	  
-‐  Place	  focusing	  quadrupole	  in	  the	  injec2on	  line	  as	  close	  to	  the	  

iron	  as	  possible	  in	  order	  to	  most	  effec2vely	  compensate	  
fringe	  defocusing	  
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Suppose	  we	  choose	  βx	  	  βy	  	  at	  upstream	  end	  of	  inflector	  so	  that	  40	  mm-‐mrad	  
	  	  	  	  so	  that	  most	  of	  the	  beam	  fits	  through	  the	  inflector	  aperture	  
(Assuming	  ideal	  inflector:	  	  zero	  field,	  opened	  ends)	  	  

ç	  



Cross Section of Storage Ring 
and Magnetic Field

8
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Propagate	  backwards	  once	  around	  ring	  (cc)	  and	  then	  through	  fringe	  with	  gradient	  3.625	  T/m	  
	  	  The	  effec2ve	  focusing	  is	  very	  strong	  
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In	  the	  other	  direc2on:	  
Use	  the	  same	  βx	  βy	  that	  got	  beam	  through	  ideal	  inflector	  but	  this	  2me	  include	  
focusing	  of	  fringe.	  	  	  	  	  


