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What are the predict ions for  the ESS losses? 

The l inear  accelerator  o f  European Spal la t ion  Source wi l l  produce 5 MW proton beam. Beam of  th is  power  wi l l  l ike ly  generate  s igni f icant  losses 

a long the beaml ine .  Beam losses ant ic ipated  by the design of  the fac i l i ty  are l imi ted  by 1 W/m which should  a l low the hands-on maintenance [2 ] [3 ] .  

Number  that  h igh requi res  a specia l ized  beam loss moni tor ing  system to ensure that  the l imi t  is  not  exceeded dur ing the normal  operat ion  of  the 

machine and a lso to  detect  catastrophic  events  l ike  fu l l  beam loss.  Due to the lack of  deta i led  loss pat terns  avai lab le ,  the fo l lowing  two scenar ios  

are under  invest igat ion :  a . )  un i form losses a long the whole  model  b . )  losses local ized  in  the quadrupoles .  The la t ter  are the most  probable  loss 

locat ions  as the beam ins ide them is  the largest  compared  to  the aper ture  [1 ] .  In  both  cases the losses propagate at  a  shal low angle  of  0 .05 

degree in  reference to  the beam di rect ion  and very  c lose to  the beam pipe.  
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How wil l  ESS Beam Loss Monitoring System look l ike?  

The main detector  chosen for  the l inac is  CERN LHC type ion izat ion 

chamber  compl imented by neutron detectors  and sc int i l la tor -based fast  

loss moni tors .  About  200 detectors  wi l l  be insta l led  a long the machine 

in  the locat ions that  wi l l  be determined by beam loss pat terns s tudies  

[5 ] .  

 

 

 

 

 

 

 

 

The BLM system is  des igned to detect  the losses as smal l  as 1% of  

the l imi t  (about  0 .01 W/m) and as fast  as 2 μs  ( to  prevent  destruct ion  

of  e lements  dur ing fu l l  beam loss)  [1 ] .   

Figure 2: ESS Ionization Chamber with and without metal casing 

Why do we need a ful l  accelerator model?  

Due to  the fact  that  the actual  beam loss pat terns  remain  

unknown there is  the need of  va l idat ing  the machine layout  us ing 

Monte Car lo  par t ic le  t ranspor t  s imulat ions .  As h igh energy beam 

losses are h ighly  penetrat ive  (by thei r  own nature  and,  most ly,  

because of  the f ree neutrons they produce)  and can propagate 

tenths  of  meters,  i t  is  important  to  look in to  b ig  p ic ture,  ergo 

simulate  the whole l inac at  once.  Only  fu l l  model  can ensure 

unabr idged in format ion,  not  only  dur ing the design phase,  but  

also dur ing the operat ion  phase,  prov ided that  i t  is  coherent .  

 

What does model  coherency mean? 

To make the work  on model  most  eff ic ient ,  i t  wi l l  be done in  

para l le l  by few people .  I t  is  ext remely  important  to make sure they 

a l l  „speak  in  the same language”  –  a l l  the i r  work  needs to  be 

compat ib le,  should  avoid  doing the same th ing more than once 

and update  f requent ly  and s imul taneously  to  match the actual  

machine.  Al l  o f  the above sums up as the coherency  for  the  

model .  

What questions could  be answered using the model  r ight  now?  

We could,  for  example,  inspect  the heat  loads in  the superconduct ing  

cavi t ies  of  ESS. Resul ts  would cover  the energy range f rom 90 MeV to  

220MeV (spoke cavi t ies )  and f rom 220 MeV to 2 GeV (e l l ip t ica l  cav i t ies ) .  

Est imat ing  the heat  loads would  conf i rm or  update  the pre l iminary  

cool ing  requi rements,  prev iously  set  a t  0 .5 W/m averaged a long a l l  

cav i t ies .  These s imulat ions  were per formed for  both  loss pat terns  and 

generated  resul ts  as fo l lows:  

 

 

 

 

 

 

Figure 4: Heat load 

predictions in 

superconducting 

cavities 

One can observe that  

the heat  load on cavi ty  

for  lower  energ ies  gets  

c lose to  the tota l  beam 

loss –  th is  is  due to    

Figure 1: Scheme comparing 

two loss patterns: uniform 

(top) and localized (bottom). 

very  conservat ive  assumpt ions  

(normal izat ion  to  the maximum heat  

load absorbed in  the cavi ty) .  Even  

wi th  th is  overshoot  the average heat  

load a long the whole  accelerator  wi l l  be 

lower  than expected 0.5 W/m ( f rom the 

point  o f  v iew of  the cool ing  system th is  

va lue is  more important  than the local  

excess of  the l imi t ) .  

What tools are there to optimize beam loss simulat ions?  

MARS  code system [4]  was chosen for  per forming  Monte Car lo  

s imulat ions  of  beam losses.  

Al l  components  of  ESS l inac are l is ted in  the centra l  Beam Line 

Elements  Database (BLED),  a  system for  centra l  management  of  the  

data [1 ] .   

To ensure  tha t  the  mode ls  used  fo r  the  Monte  Car lo  s imu la t ions  a re  cons is ten t  

w i th  the  ac tua l  mach ine ,  a  l i nk  be tween them and BLED has  been  es tab l i shed :  

DEIMOS ,  an ESS Beam Line Generator  for  MARS is  a program wr i t ten 

in  Python ( running on Windows,  Mac OSX, L inux-based systems and 

on my 3DS for  users convenience) .  I t  reads the e lements  names and 

coord inates  f rom BLED, processes them and outputs  a complete  

accelerator  geometry,  readable  and processable by MARS. 

 

 

 

 

MARS output  f i le  inc ludes  the accelerator  tunnel  wi th  a l l  the par ts  

recognized in  the BLED input .  As every par t  is  saved as separate  

module  i t  is  very  easy to add new par ts  or  edi t  ex is t ing  ones,  as wel l  

as update  the layout  based on the changes in  BLED.  

Figure 3: DEIMOS main window  

Are there more tools planned?  

Yes.  F i rs t  o f  them is  cur rent ly  under  deve lopement .  PHOBOS  w i l l  be  

an externa l  in ter face  for  runn ing  mul t ip le  MARS s imulat ions  wi th  

var ied  parameters  l ike  beam loss  locat ions .  

PATHFINDER  is  a  new idea for  a  neura l  network  too l  to  ana lyze  the 

b ig  amount  o f  data  generated  by  the s imulat ions  to  dec ide  on 

opt imal  locat ion  for  the beam loss  moni tors .  
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