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Why	
  do	
  we	
  need	
  to	
  shield	
  against	
  radia,on?	
  

•  Damage	
  to	
  the	
  human	
  body	
  (Sievert	
  or	
  Rem)	
  

•  Damage	
  to	
  the	
  equipment	
  (Gy	
  or	
  Rad)	
  

•  Damage	
  to	
  experimental	
  data	
  (noise	
  level	
  of	
  the	
  data)	
  



Units	
  (protec,on	
  of	
  equipment)	
  

•  Gray	
  [Gy]	
  and	
  Radia,on	
  Absorbed	
  Dose	
  (Rad)	
  are	
  the	
  
two	
  most	
  commonly	
  used	
  units	
  that	
  quan,fies	
  the	
  
dose	
  received	
  by	
  equipment.	
  	
  

•  1	
  Gy	
  =	
  1	
  J/kg	
  	
  

•  1	
  Gy	
  =	
  100	
  rad	
  
	
  



Units	
  (protec,on	
  of	
  humans)	
  

•  Sievert	
  [Sv]	
  and	
  Röntgen	
  Equivalent	
  Man	
  (Rem)	
  are	
  the	
  
two	
  most	
  commonly	
  used	
  units	
  that	
  quan,fies	
  the	
  dose	
  
received	
  by	
  human	
  body.	
  	
  

•  1	
  Sv	
  =	
  100	
  rem	
  

•  Like	
  Gy,	
  Sv	
  has	
  the	
  SI	
  unit	
  of	
  J/kg,	
  however	
  Sv	
  is	
  the	
  
absorbed	
  dose	
  convoluted	
  with	
  the	
  respec,ve	
  
biological	
  damage	
  factors,	
  which	
  are	
  usually	
  published	
  
by	
  the	
  Interna,onal	
  Commission	
  on	
  Radiological	
  
Protec,on	
  (ICRP)	
  

	
  



Units	
  (protec,on	
  of	
  humans/ac,va,on)	
  

•  Becquerel	
  [Bq]	
  and	
  Curie	
  (Ci)	
  are	
  the	
  two	
  most	
  
commonly	
  used	
  units	
  that	
  quan,fies	
  ac,va,on.	
  	
  

•  1	
  Ci	
  =	
  3.7*1010	
  Bq	
  

•  1	
  Bq	
  =	
  1	
  decay	
  per	
  second	
  
	
  



Units	
  (protec,on	
  of	
  data)	
  

•  The	
  defini,on	
  of	
  the	
  noise	
  of	
  an	
  experiment	
  will	
  
depend	
  on	
  the	
  experiment.	
  	
  



Where	
  to	
  start?	
  Requirements	
  

•  Protec,ng	
  people	
  
•  Governmental	
  and	
  facility	
  regula,ons	
  

•  Dose	
  to	
  the	
  worker	
  
•  Dose	
  to	
  the	
  public	
  

•  Protec,ng	
  equipment	
  (Gy	
  or	
  Rad)	
  
•  Availability	
  and	
  reliability	
  

•  What	
  is	
  the	
  source	
  term?	
  
•  What	
  are	
  the	
  performance	
  requirements	
  for	
  the	
  

instrument?	
  
•  Protec,ng	
  experimental	
  data	
  (noise	
  level	
  of	
  the	
  data)	
  

•  Performance	
  metric	
  of	
  the	
  designed	
  beamline	
  
•  Performance	
  metric	
  of	
  the	
  neighboring	
  beamlines	
  



Protec,ng	
  people:	
  The	
  “Safety	
  First”	
  thingy	
  –	
  Rest	
  
risk	
  

•  First	
  step:	
  “Ensuring	
  safe	
  opera,on	
  is	
  an	
  absolute	
  necessary	
  
requirement,	
  but	
  be	
  itself	
  not	
  a	
  sufficient	
  requirement	
  for	
  
opera,on.	
  

•  Rest	
  risk:	
  100%	
  perfect	
  safety	
  does	
  not	
  exist	
  (Kurt	
  Gödel’s	
  
incompleteness	
  theorems	
  (1931))	
  

•  The	
  law	
  defines	
  what	
  rest	
  risk	
  is	
  tolerated	
  by	
  the	
  society.	
  

•  It	
  is	
  your	
  job	
  to	
  prove	
  that	
  the	
  rest	
  risk	
  of	
  your	
  opera,on	
  is	
  lower	
  
than	
  the	
  one	
  tolerated	
  	
  by	
  society.	
  
•  Passive	
  safety	
  (one	
  ,me	
  cost	
  at	
  the	
  beginning	
  of	
  the	
  project)	
  
•  Ac,ve	
  safety	
  features	
  (con,nues	
  maintenance	
  cost)	
  
•  Administra,ve	
  controls	
  (seems	
  cheap,	
  but	
  high	
  rest	
  risk	
  =>	
  large	
  overhead	
  for	
  opera,on)	
  	
  



Protec,ng	
  people:	
  Event	
  classes	
  



Protec,ng	
  people:	
  Swedish	
  law	
  (public	
  and	
  
supervised	
  areas)	
  

•  Public	
  areas:	
  In	
  accordance	
  with	
  SSM	
  2008:51	
  an	
  area	
  can	
  be	
  declared	
  as	
  public	
  if	
  the	
  
annual	
  biological	
  full	
  body	
  dose	
  a	
  person	
  is	
  expected	
  to	
  receive	
  in	
  this	
  area	
  from	
  
normal	
  opera,on	
  and	
  likely	
  accidents	
  (H2	
  events)	
  is	
  less	
  than	
  1	
  mSv,	
  the	
  annual	
  dose	
  to	
  
the	
  lens/eye	
  is	
  less	
  than	
  15	
  mSv,	
  the	
  dose	
  to	
  the	
  hands,	
  forearms,	
  feet	
  ankles	
  or	
  skin	
  is	
  
less	
  than	
  50	
  mSv	
  and	
  removable	
  surface	
  contamina,on	
  and	
  air	
  contamina,on	
  are	
  
indis,nguishable	
  from	
  background.	
  	
  

	
  
•  Supervised	
  areas:	
  An	
  area	
  shall	
  be	
  declared	
  as	
  supervised	
  if	
  at	
  least	
  one	
  of	
  the	
  

following	
  condi,ons	
  applies:	
  
•  The	
  expected	
  annual	
  biological	
  full	
  body	
  dose	
  to	
  a	
  person	
  from	
  normal	
  opera,on	
  and	
  likely	
  accidents,	
  

during	
  the	
  ,me	
  the	
  room	
  is	
  accessible,	
  is	
  between	
  1	
  mSv	
  and	
  6	
  mSv.	
  
•  The	
  expected	
  annual	
  dose	
  to	
  lens	
  or	
  eye	
  of	
  a	
  person	
  from	
  normal	
  opera,on	
  and	
  likely	
  accidents	
  is	
  

between	
  15	
  mSv	
  and	
  45	
  mSv.	
  
•  The	
  expected	
  annual	
  dose	
  to	
  a	
  persons’	
  hands,	
  feet,	
  ankles	
  or	
  skin	
  form	
  normal	
  opera,on	
  and	
  likely	
  

accidents	
  (H2	
  event),	
  is	
  between	
  50	
  mSv	
  and	
  150	
  mSv.	
  
•  Removable	
  surface	
  contamina,on	
  is	
  not	
  significant	
  from	
  a	
  radiological	
  point	
  of	
  view.	
  	
  



Protec,ng	
  people:	
  Swedish	
  law	
  (Controlled	
  areas)	
  

•  Controlled	
  areas:	
  An	
  area	
  shall	
  be	
  declared	
  as	
  controlled	
  if	
  at	
  least	
  one	
  of	
  the	
  following	
  
condi,ons	
  applies:	
  
•  The	
  expected	
  annual	
  biological	
  full	
  body	
  dose	
  to	
  a	
  person	
  from	
  normal	
  opera,on	
  

and	
  likely	
  accidents	
  exceeds	
  6	
  mSv.	
  
•  The	
  expected	
  annual	
  dose	
  to	
  lens	
  or	
  eye	
  of	
  a	
  person	
  from	
  normal	
  opera,on	
  and	
  

likely	
  accidents	
  exceeds	
  45	
  mSv.	
  
•  The	
  expected	
  annual	
  dose	
  to	
  a	
  person’s	
  hands,	
  feet,	
  ankles	
  or	
  skin	
  from	
  normal	
  

opera,on	
  and	
  likely	
  accidents	
  exceeds	
  150	
  mSv.	
  
•  The	
  removable	
  surface	
  contamina,on	
  exceeds	
  40	
  KBq/m2	
  for	
  β,γ	
  or	
  4	
  KBq/m2	
  for	
  

α.	
  
	
  



Protec,ng	
  people:	
  Radia,on	
  zoning	
  at	
  ESS	
  



Protec,ng	
  people:	
  Allowable	
  doses	
  at	
  ESS	
  



Protec,ng	
  people:	
  Current	
  ESS	
  dose	
  budgets	
  



Protec,ng	
  equipment	
  

Will	
  strongly	
  depend	
  on	
  the	
  applica,on.	
  



Source:	
  Spalla,on	
  process	
  

G.	
  J.	
  Russell	
  et	
  al,	
  Fundamental	
  Physics	
  with	
  Pulsed	
  Neutrons	
  Beams	
  (2000)	
  p	
  19	
  



Source:	
  Reactor	
  versus	
  spalla,on	
  source	
  

G.	
  J.	
  Russell	
  et	
  al,	
  Fundamental	
  Physics	
  with	
  Pulsed	
  Neutrons	
  Beams	
  (2000)	
  p	
  19	
  



Source:	
  Angular	
  dependency	
  of	
  the	
  source	
  

G.	
  J.	
  Russell	
  et	
  al,	
  Fundamental	
  Physics	
  with	
  Pulsed	
  Neutrons	
  Beams	
  (2000)	
  p	
  19	
  



Physics:	
  Aqenua,on	
  

𝑑𝑁=−𝜇𝑁𝑑𝑥  ⇒    N(x)=N0e-­‐𝜇x	
  



Physics:	
  Hydrogen	
  cross-­‐sec,on	
  



Physics:	
  H	
  in	
  water	
  cross-­‐sec,on	
  



Physics:	
  Iron	
  cross-­‐sec,on	
  



Physics:	
  Tungsten	
  cross-­‐sec,on	
  



Physics:	
  Photons	
  

•  Photoelectric	
  effect	
  
During	
  the	
  photoelectric	
  effect	
  the	
  photon	
  will	
  be	
  
absorbed	
   by	
   the	
  maqer	
   and	
   an	
   electron	
  will	
   be	
  
emiqed.	
  

•  Compton	
  effect	
  
Compton	
   effect	
   is	
   the	
   inelas,c	
   scaqering	
   of	
   a	
  
photon	
  on	
  a	
  charged	
  par,cle,	
  unusually	
  electron.	
  
It	
  results	
  in	
  a	
  reduc,on	
  of	
  the	
  photon	
  energy	
  and	
  
a	
   momentum	
   change	
   of	
   the	
   photon	
   (Compton	
  
scaqering.)	
   or	
   the	
   photon	
   gets	
   absorbed	
   and	
   a	
  
different	
   photon	
   with	
   a	
   lower	
   energy	
   will	
   be	
  
emiqed	
  (Compton	
  absorp,on).	
  



Physics:	
  Photons	
  

•  Pair	
  produc,on	
  
A	
   photon	
   with	
   an	
   energy	
   of	
   at	
  
least	
   twice	
   the	
   electron	
   rest	
  
mass,	
   can	
   be	
   converted	
   into	
   a	
  
electron-­‐positron	
  pair.	
  

•  Photonuclear	
  reac,ons	
  
Photons	
  can	
  be	
  absorbed	
  by	
  an	
  atomic	
  
nucleus	
  and	
  a	
  nucleon	
  will	
  be	
  emiqed	
  
(e.g.	
  (γ,n)	
  reac,on).	
  



Photon	
  mass	
  aqenua,on	
  factor	
  in	
  air	
  



Photon	
  mass	
  aqenua,on	
  factor	
  in	
  lead	
  and	
  water	
  



Physics:	
  Neutrons	
  

•  Slowing	
  down	
  process:	
  
The	
  slowing	
  down	
  process	
  of	
  neutrons	
   in	
  maqer	
  can	
  
be	
  described	
  by	
  the	
  two	
  body	
  problem	
  from	
  classical	
  
mechanics.	
  	
  
Nuclear	
   physicist	
   define	
   this	
   as	
   an	
   elas,c	
   process,	
  
because	
   the	
   neutron-­‐nucleus	
   system	
   does	
   not	
   loose	
  
energy.	
  	
  
Neutron	
  scaqering	
  define	
  this	
  as	
  an	
  inelas,c	
  process,	
  
because	
  the	
  neutron	
  looses	
  energy.	
  



Physics:	
  Neutrons	
  absorp,on	
  

•  Capture:	
  
This	
   process	
   a	
   low	
   energy	
  
neutron	
   gets	
   by	
   a	
   nucleus	
  
and	
   a	
   different	
   par,cle	
   will	
  
be	
  emiqed.	
  	
  
e.g.:	
  
•  3He(n,p)3H	
  
•  6Li(n,t)4He	
  
•  10B(n,α)7Li	
  
•  14N(n,p)14C	
  
•  113Cd(n,γ)114Cd	
  
•  1H(n,γ)2H	
  

•  Resonances:	
  
In	
  this	
  process	
  neutron	
  with	
  
energies	
   of	
   the	
   excita,on	
  
level	
   of	
   the	
   nucleus	
   get	
  
absorbed	
   and	
   the	
   nucleus	
  
will	
   be	
   put	
   into	
   am	
   excited	
  
state.	
  	
  



Metric:	
  What	
  is	
  the	
  metric	
  for	
  the	
  performance	
  of	
  
your	
  instrument?	
  

R.K.	
  Crawford	
  et	
  al,	
  Long-­‐Pulse	
  Neutron	
  Instrumenta,on	
  Workshop,	
  
STS04-­‐41-­‐TR0002,	
  R00,	
  At	
  Franscat,	
  Italy	
  	
  	
  



Metric:	
  Background	
  metric	
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Project	
  management	
  

•  Performance	
  metric	
  
•  Safety	
  requirements	
  
•  Space	
  constraints	
  
•  Cost	
  

•  1	
  m3	
  concrete	
  (including	
  labor)	
  ~	
  1200	
  Euro	
  
•  1	
  m3	
  good	
  steel	
  (including	
  labor)	
  ~	
  12500	
  Euro	
  

•  Schedule	
  


