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Started early with the hardware & software interplay (2nd year of physics 
and numerical mathematics study at Mainz): extended an Algol 60 compiler 
with interval arithmetics and double precision, had to start from (decimal) 
machine code 
Mainz Microtron MAMI (while finishing PhD work on J/𝛹): non-linear 
simulation in software and hardware, control system on two connected 
computers, first operation 
Many years of HEP at OPAL, with excursions to UA1, JADE and STAR 
Physicist in a different setting: five years in a software company at Bern for 
Swiss Telecom, an interesting detour as it turned out 
Then, found my way back closer to science at DESY 

Until last August, with MPP at ATLAS! 

Hans von der Schmitt, München, December 2016

1st journey to Nepal

a year of trekking and expeditions in the Himalayas and Andes

Intermezzo ?  -  Intermezzi ! 



20 December 2016 Colloquium München - HvdS 2

MAMI

NUCLEAR INSTRUMENTS AND METHODS I38 (I976) I - I 2 ;  © NORTH-HOLLAND PUBLISHING CO. 

T H E  D E S I G N  OF A C A S C A D E D  800 M e V  N O R M A L  C O N D U C T I N G  
C . W .  RACE T R A C K  M I C R O T R O N *  

H. HERMINGHAUS, A. FEDER, K. H. KAISER, W. MANZ and H. v. d. SCHMITT 

lnstitut fiir Kernphysik der Johannes Gutenberg-Universitiit, Mainz, IV. Germany 

Received 9 July 1976 

A c.w. electron accelerator of 820 MeV maximum output energy at 100/2A beam current is proposed to make possible a 
large variety of coincidence experiments with medium energy electrons and photons as a future possibility of new, interesting 
experiments. It consists of a preaccelerator and 3 cascaded race track microtrons using normal conducting rf structures. 
The design of this accelerator, based on detailed computational investigations of its beam dynamics and some experimental 
studies, is communicated and partly discussed in this paper. 

1. Introduction 
F r o m  several groups  at  Mainz  Universi ty  the wish 

came up to have an electron beam of  a b o u t  600 MeV, 
a duty cycle close to 100% and at  least some tens o f  
mic roamps  intensity. Wi th  such a beam a large variety 
o f  very interest ing new exper iments  could  be made1). 
To achieve this goal  the possibi l i ty  had been investi- 
gated to recycle the existing 300 MeV linac once and to 
feed the beam into a pulse stretcher r ing ( U R M E L )  2). 
This invest igat ion revealed,  however,  that  this kind of  
real isa t ion would  have been surpris ingly expensive 
- mainly  due to the necessity o f  ma jo r  changes in the 
existing buildings - and yet a considerable  r isk with 
respect  to beam qual i ty  would  have had  to be taken  
into account .  Therefore,  since summer  '74 the con- 
s t ruct ion of  a c.w. race t rack  mic ro t ron  (RTM),  
called M A M I t ,  has been considered as an al ternat ive 
and has been adop ted  as the more  at t ract ive solution.  
Since 600 MeV seemed ra ther  low for many  of  the plan-  
ned exper iments  the design object ive for the max imum 
energy was increased to 820 MeV at a max imum c.w. 
beam current  of  100/~A. 

Fo l lowing  the paper  o f  Wiik  and Wilson  3) designs 
o f  high duty  cycle R T M s  have been publ ished by 
several authors4-8).  There has been, however,  to our  
knowledge,  no proposa l  up to now tha t  consequent ly  
combines  the advantages  of  c.w. service (highest  duty  
cycle, no t ransient  beam loading  problems,  ease of  
accurate  control)  with the reliable,  well known tech- 
nology of  room tempera tu re  rf  structures.  We  feel, 
however,  tha t  this combina t ion  might  result in a quite 
at t ract ive design, as we hope  to show in the following. 

* This work has been supported in part by the Deutsche For- 
schungsgemeinschaft, Bad Godesberg. 

t Mainz Mikrotron. 

2. Basic  design considerations 
The design o f a  R T M  (see fig. 1) is basical ly  governed 

by the resonance condi t ion  

2.096 A T = v2B ,  (1) 

where A T i s  the energy gain in the l inac section in MeV, 
2 the rf  vacuum wavelength in cm and B the magnet ic  
field strength in the main  magnets  in T. v is the number  
of  wavelengths by which the orbi t  c ircumference is 
increased f rom one turn to the next. 

Clearly,  if  a room tempera tu re  linac structure is to be 
opera ted  as a c.w. accelera tor  there is a s t rong demand  
for low A T for  the sake of  r f  power  economy and cool-  
ing problems.  The increase in path length  per turn,  v2, 
cannot  be made del iberate ly  small  because the orbi t  
spacing d which is given by 

d = v;oln (2) 

should be at least abou t  4 cm, to al low the re turn  paths  
to be guided th rough  individual  beam pipes and to be 
steered by individual  steering coils - a feature which is 
a special benefit of  the R T M  a m o n g  cycling machine3 
and which should not  be sacrificed. 

The magnet ic  field, B, cannot  be made  del iberately 
small  for  economic  reasons,  since magnet  costs grow 

Fig. 1. Scheme of a RTM. 

NUCLEAR INSTRUMENTS AND METHODS I38 (I976) I - I 2 ;  © NORTH-HOLLAND PUBLISHING CO. 

T H E  D E S I G N  OF A C A S C A D E D  800 M e V  N O R M A L  C O N D U C T I N G  
C . W .  RACE T R A C K  M I C R O T R O N *  

H. HERMINGHAUS, A. FEDER, K. H. KAISER, W. MANZ and H. v. d. SCHMITT 

lnstitut fiir Kernphysik der Johannes Gutenberg-Universitiit, Mainz, IV. Germany 

Received 9 July 1976 

A c.w. electron accelerator of 820 MeV maximum output energy at 100/2A beam current is proposed to make possible a 
large variety of coincidence experiments with medium energy electrons and photons as a future possibility of new, interesting 
experiments. It consists of a preaccelerator and 3 cascaded race track microtrons using normal conducting rf structures. 
The design of this accelerator, based on detailed computational investigations of its beam dynamics and some experimental 
studies, is communicated and partly discussed in this paper. 

1. Introduction 
F r o m  several groups  at  Mainz  Universi ty  the wish 

came up to have an electron beam of  a b o u t  600 MeV, 
a duty cycle close to 100% and at  least some tens o f  
mic roamps  intensity. Wi th  such a beam a large variety 
o f  very interest ing new exper iments  could  be made1). 
To achieve this goal  the possibi l i ty  had been investi- 
gated to recycle the existing 300 MeV linac once and to 
feed the beam into a pulse stretcher r ing ( U R M E L )  2). 
This invest igat ion revealed,  however,  that  this kind of  
real isa t ion would  have been surpris ingly expensive 
- mainly  due to the necessity o f  ma jo r  changes in the 
existing buildings - and yet a considerable  r isk with 
respect  to beam qual i ty  would  have had  to be taken  
into account .  Therefore,  since summer  '74 the con- 
s t ruct ion of  a c.w. race t rack  mic ro t ron  (RTM),  
called M A M I t ,  has been considered as an al ternat ive 
and has been adop ted  as the more  at t ract ive solution.  
Since 600 MeV seemed ra ther  low for many  of  the plan-  
ned exper iments  the design object ive for the max imum 
energy was increased to 820 MeV at a max imum c.w. 
beam current  of  100/~A. 

Fo l lowing  the paper  o f  Wiik  and Wilson  3) designs 
o f  high duty  cycle R T M s  have been publ ished by 
several authors4-8).  There has been, however,  to our  
knowledge,  no proposa l  up to now tha t  consequent ly  
combines  the advantages  of  c.w. service (highest  duty  
cycle, no t ransient  beam loading  problems,  ease of  
accurate  control)  with the reliable,  well known tech- 
nology of  room tempera tu re  rf  structures.  We  feel, 
however,  tha t  this combina t ion  might  result in a quite 
at t ract ive design, as we hope  to show in the following. 

* This work has been supported in part by the Deutsche For- 
schungsgemeinschaft, Bad Godesberg. 

t Mainz Mikrotron. 

2. Basic  design considerations 
The design o f a  R T M  (see fig. 1) is basical ly  governed 

by the resonance condi t ion  

2.096 A T = v2B ,  (1) 

where A T i s  the energy gain in the l inac section in MeV, 
2 the rf  vacuum wavelength in cm and B the magnet ic  
field strength in the main  magnets  in T. v is the number  
of  wavelengths by which the orbi t  c ircumference is 
increased f rom one turn to the next. 

Clearly,  if  a room tempera tu re  linac structure is to be 
opera ted  as a c.w. accelera tor  there is a s t rong demand  
for low A T for  the sake of  r f  power  economy and cool-  
ing problems.  The increase in path length  per turn,  v2, 
cannot  be made del iberate ly  small  because the orbi t  
spacing d which is given by 

d = v;oln (2) 

should be at least abou t  4 cm, to al low the re turn  paths  
to be guided th rough  individual  beam pipes and to be 
steered by individual  steering coils - a feature which is 
a special benefit of  the R T M  a m o n g  cycling machine3 
and which should not  be sacrificed. 

The magnet ic  field, B, cannot  be made  del iberately 
small  for  economic  reasons,  since magnet  costs grow 

Fig. 1. Scheme of a RTM. 

12 H. HERMINGHAUS et al. 

ra t ions  of  equal  s t rength,  lower  t h a n  2, g iven by 

This  is jus t  3 t imes the er ror  p roduced  by an  ideally 
s t ra ight  fr inge field of  the same length  wi thou t  com-  
pensa t i on  of  vert ical  defocusing.  

The field d i s t r ibu t ion  of  a mo d e l  m a g n e t  which  was 
n o t  op t imised  with respect  to low abe r ra t ions  and  was 
thus  ra ther  far  f rom the  nea r  o p t i m u m  d i s t r ibu t ions  
of  fig. 15 ( I )  gives, fo l lowing  M I T R A C E ,  a 1.32 t imes 
larger value.  This  d i s t r i bu t ion  has been  used t h r o u g h o u t  
the M 1 T R A C E  c o m p u t a t i o n s .  The  l o n g i t u d i n a l  dis- 
pers ions  o f  d i s t r ibu t ions  1 a n d  3 are ob t a ined  by 
s t ra igh t forward  rect i f icat ion of  the trajectories.  F o r  a 
whole  180 ° b e n d i n g  m a g n e t  the t ra jec tory  l eng th  S is 

in case 1 : S = rrR + 21 [0.788675 + 0.002726 ( l / R ) 2 ] ,  

in  case 3 : S = ~R + 21 [ -  0.28868 + 0.07089 ( l / R ) 2 ] .  

(13) 

So b o t h  d i s t r ibu t ions  give a c o n t r i b u t i o n  to longi-  
t ud ina l  d i spers ion  o f  the same sign as a part ic le  wi th  
energy d e p e n d e n t  veloci ty does,  b u t  in  case 1 this 
c o n t r i b u t i o n  is m u c h  smaller .  So case 1 is to be prefer-  
red t hough  case 3 m a y  have the a d v a n t a g e  n o t  to need 
an  active field c l amp  a n d  to result  in a smal ler  pole  face 
area.  

C o m p a r i n g  eqs. (12) a n d  (13) it is seen tha t  m a k i n g  
the fr inge field dep th  l large m a y  resul t  in  small  
spherical  abe r ra t ions  in  vert ical  b e a m  optics,  b u t  
l ong i tud ina l ly  the add i t i ona l  phase  shift which  is 
i n t roduced  by  a n y  fr inge field at low b e n d i n g  radii  is 
increased a n d  vice versa. 

By in tegra t ing  

- e  
x "  --  - -  B y ( z ,  y ) ,  

m o cfl~ 

us ing  eqs. (7) a n d  (8), the ho r i zon ta l  d i sp lacemen t  A x  

of  the b e a m  as a f u n c t i o n  o f  its vert ical  d i sp lacemen t  
y in the fr inge zone  is ca lcu la ted  a p p r o x i m a t e l y  to be 

A x  = y 2 / 2 R ,  (14) 

which  is i n d e p e n d e n t  of  the form of  the fr inge field. 
This  is ident ica l  wi th  the express ion  used in the 
" T R A N S P O R T " - p r o g r a m  1°) for  n o r m a l  fr inge fields. 
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Shisha Pangma
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ABC 
5600m
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6400
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Jade FADC readout system

128kB


