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Introduc(on	

o  The	  PMTs	  (or	  HPDs)	  used	  in	  Hyper-‐K	  have	  large	  driN	  
distances	  from	  the	  photocathode	  to	  the	  first	  mul(plica(on	  
stage.	  
n  Sensi(ve	  to	  magne(c	  fields	  on	  the	  order	  of	  1	  Gauss	  or	  less.	  

o  The	  Earth’s	  magne(c	  field	  can	  cause	  significant	  loss	  of	  
efficiency.	  

o  We	  have	  to	  lower	  the	  magne(c	  field	  inside	  the	  PMTs.	  
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PMT	  response	  in	  a	  magne(c	  field	
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A.	  Suzuki	  et	  al.,	  NIM	  A329	  (1993)	  299-‐313	  	

20-‐inch	  PMT	  used	  in	  Super-‐K	
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Parallel	  to	  dynode	  (X)	  
Perpendicular	  to	  dynode	  (Y)	  
PMT	  facing	  direc(on	  (Z)	  

Magne(c	  field	  perpendicular	  
to	  the	  PMT	  facing	  direc(on	  
should	  be	  <	  100mG.	  	  	



Geomagne(c	  field	  at	  a	  HK	  candidate	  site	
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Can	  access	  the	  database	  for	  the	  Geomagne(c	  survey	  
by	  GSI	  (Geospa(al	  Informa(on	  Authority	  of	  Japan,	  国土地理院)	  
	  

h_p://vldb.gsi.go.jp/sokuchi/geomag/menu_04/index-‐e.html	

475	  mG	

303	  mG	

366	  mG	

In	  the	  current	  design,	  the	  tank	  
direc(on	  is	  along	  West-‐East.	  
(may	  change	  by	  the	  rock	  condi(on)	
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Magne(c	  compensa(on	  coils	

o  Magne(c	  compensa(on	  by	  sets	  of	  direct-‐current	  powered	  
coils.	  

o  Used	  in	  the	  Super-‐K	  detector	  

à  Consider	  the	  coil	  configura(on	  for	  Hyper-‐K	  
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Ver(cal	  coils	 Horizontal	  coils	
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Disclaimer	

o  The	  detailed	  designing	  of	  the	  magne(c	  coils	  has	  not	  been	  
done	  un(l	  recently.	  
n  No	  descrip(on	  on	  the	  magne(c	  compensa(on	  in	  the	  HK	  LOI.	  

o  As	  a	  first	  step	  :	  
n  Assume	  that	  the	  horizontal	  component	  of	  the	  Geomagne(c	  field	  is	  

perpendicular	  to	  the	  tank	  axis.	  

n  Consider	  the	  compensa(on	  at	  the	  inner	  detector	  PMT	  posi(ons.	  
o  Compensa(on	  at	  the	  outer	  detector	  PMT	  posi(ons	  	  à	  next	  step	  

(The	  OD-‐PMTs	  are	  smaller	  and	  must	  be	  less	  affected	  by	  magne(c	  fields.)	  
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(This	  (me)	 (Next	  step)	

HK	  tank	

Geomagne(c	  field	  

Top	  view	
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Developed	  a	  tool	  to	  calculate	  the	  magne(c	  field	

o  C++	  code	  
o  Calculate	  the	  magne(c	  

field	  at	  each	  of	  the	  99,000	  
ID-‐PMT	  posi(ons	  
n  Contribu(ons	  from	  each	  
~10	  cm	  piece	  of	  a	  coil	  are	  
calculated	  using	  the	  Biot-‐Savart	  law	  
and	  are	  integrated	  over	  the	  whole	  coils.	
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Configura(on	  aNer	  an	  ini(al	  op(miza(on	
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13	  ver(cal	  coils	  :	  
•  3~4m	  spacing	  
•  150	  A	  
17	  horizontal	  coils	  :	  
•  3m	  spacing	  
•  135	  A	  (200	  A	  only	  

for	  the	  most	  top	  and	  
bo_om	  coils)	  

303mG	

366mG	

Geomagne(c	  field	



Results	
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magfp
0 50 100 150 200 2500

500

1000

1500

2000

2500

3000

htemp
Entries  49390
Mean    58.74
RMS     27.35

Size	  of	  magne(c	  field	  ⊥	  to	  the	  PMT	  
facing	  direc(on	  at	  each	  PMT	  posi(on	

mG	

100mG	

Frac(on	  of	  <	  100mG	  	  =	  95.7%	  
Frac(on	  of	  <	  150mG	  	  =	  98.9%	

Mostly	  sa(sfies	  
the	  requirement	



PMT	  posi(ons	  w/	  >100mG	  magne(c	  fields	
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Need	  more	  op(miza(ons	

⊥	  to	  the	  PMT	  facing	  direc(on	



Coil	  cables	  and	  heat	  load	

o  Each	  coil	  à	  4-‐turn	  coils	  
o  Use	  4-‐conductor	  cables	  

o  Total	  length	  of	  conductor	  for	  a	  typical	  
ver(cal	  coil	  (red	  line)	  =	  ~2500	  m	  

o  If	  we	  use	  cables	  with	  38mm2	  conductors	  
(cable	  diameter	  =	  28mm),	  the	  supply	  
voltage	  for	  this	  coil	  is	  

	  V	  =	  RI	  =	  0.491	  Ω/km	  x	  2.5	  km	  x	  37.5	  A	  =	  46	  V	  

o  Total	  heat	  load	  for	  one	  tank	  is	  ~50kW	  (rough	  es(ma(on).	  
n  should	  increase	  if	  the	  tank	  is	  not	  perpendicular	  to	  the	  geomagne(c	  

field.	  
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Next	  steps	

o  More	  op(miza(on	  to	  reduce	  magne(c	  fields	  further	  

o  Configura(ons	  in	  case	  that	  the	  HK	  detector	  tank	  direc(on	  
is	  not	  perpendicular	  to	  the	  geomagne(c	  field	  

o  Check	  magne(c	  fields	  at	  the	  outer	  detector	  PMT	  posi(ons	  

o  Studies	  on	  passive	  magne(c	  shielding	  op(ons	  (?)	  
n  Such	  as	  mu-‐metal	  wire	  cages	  for	  PMTs,	  etc.	
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Summary	

o  I	  have	  started	  a	  detailed	  designing	  of	  the	  magne(c	  
compensa(on	  coils.	  

o  I	  got	  a	  configura(on	  which	  sa(sfies	  the	  remaining	  
magne(c	  fields	  perpendicular	  to	  the	  PMT	  facing	  direc(on	  
are	  below	  100mG	  at	  >95%	  of	  the	  ID-‐PMT	  posi(ons.	  
n  Need	  to	  reduce	  magne(c	  fields	  further.	  

o  Your	  new	  ideas/studies	  are	  welcome.	
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Supplement	
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