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Instrumentation and Computing in HEP 

  HEP	  has	  a	  long	  history	  of	  inven3ng	  detectors	  and	  building	  compu3ng	  infrastructure	  
to	  address	  the	  science	  needs	  and	  advance	  these	  technologies	  to	  large	  scale	  	  
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mH	  (γγ)	  =	  125.4	  ±	  0.6	  ±	  0.6	  (GeV)	  

Δms	  =	  17.768	  ±	  0.023	  (stat)	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ±	  0.006	  (syst)	  ps-‐1	  



Instrumentation Organization and Input   
  Organized	  as	  matrix	  of	  technologies	  and	  fron3ers	  for	  Snowmass	  
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With	  43	  liaisons	  	  
at	  the	  intersec3on	  
of	  technologies	  	  
and	  fron3ers	  	  

	  Contributed	  Papers	  
Energy	  Fron3er:	  11	  
Cosmic	  Fron3er:	  12	  
Intensity	  Fron3er:	  7	  
Technologies:	  30	  

Facili3es:	  3	  	  
Total:	  ~63	  	  



Approach  

  Study	  of	  the	  instrumenta5on	  needs	  of	  the	  field	  now	  
and	  in	  the	  future	  

  Study	  of	  our	  current	  capabili5es	  and	  efforts	  

  Iden5fy	  our	  challenges	  and	  areas	  where	  we	  will	  fall	  
short	  	  

  Propose	  a	  strategy	  to	  address	  some	  of	  these	  issues	  
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  Experiments	  increasingly	  put	  extraordinary	  demands	  on	  detectors,	  DAQ	  
systems	  and	  associated	  engineering,	  oCen	  at	  very	  large	  scale	  

  Our	  scien5fic	  approaches	  are	  broadening	  now	  including	  experiments	  
covering:	  	  low	  energy,	  ultra-‐low	  background,	  very	  large	  volume	  
detectors,	  cosmic	  energy	  and	  maIer,	  high	  intensity	  and	  of	  course	  high-‐
energy	  experiments	  	  	  	  

  Paradigm	  altering	  advances	  are	  happening	  in	  other	  branches	  of	  science,	  
which	  hold	  the	  poten5al	  to	  lead	  to	  transforma5ve	  new	  technologies	  	  for	  
HEP,	  which	  are	  not	  taken	  advantage	  of	  

  Substan5al	  investments	  in	  R&D	  are	  being	  made	  outside	  of	  the	  US	  and	  
there	  is	  a	  percep5on	  the	  US	  is	  lagging	  	  

  Instrumenta5on	  exper5se,	  and	  corresponding	  infrastructure,	  is	  eroding	  	  

  The	  current	  funding	  porOolio	  approaches	  subsistence	  levels	  and	  leaves	  
very	  liIle	  flexibility	  to	  address	  the	  needs	  of	  the	  country	  	  

  In	  5ght	  budgetary	  5mes	  there	  is	  enormous	  pressure	  on	  “discre5onary”	  
funding	  	  	  

Instrumentation Challenges  
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Instrumentation Program 

  Major	  challenge	  for	  instrumenta5on	  is	  to	  design	  a	  program	  that	  will	  enable	  the	  
US	  to	  maintain	  leadership	  in	  many	  key	  areas	  of	  a	  broad	  interna5onal	  program	  
while	  at	  the	  same	  5me	  inves5ng	  in	  technology	  developments	  for	  future	  
leadership	  experiments	  	  

1.   Develop	  balanced	  Instrumenta5on,	  based	  on	  our	  strengths,	  	  
aligned	  with	  research	  priori5es,	  aimed	  at	  innova5on	  	  

2.   Balanced	  funding	  level	  between	  projects	  and	  R&D	  and	  a	  program	  	  
with	  appropriate	  “porOolio	  of	  risk”	  

3.   Develop	  process	  for	  integra5ng	  universi5es,	  na5onal	  laboratories,	  	  
other	  branches	  of	  science	  and	  industry	  

4.   Create	  opportuni5es	  for	  providing	  careers	  in	  HEP	  instrumenta5on	  	  

5.   Iden5fy	  opportuni5es	  for	  technology	  transfer	  and	  collabora5on	  	  
with	  other	  sciences	  
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Elements of a Balanced Instrumentation Program 

  Ideally,	  generic	  instrumenta3on	  program	  should	  carry	  out	  	  
detector	  R&D	  at	  mul3ple	  levels	  at	  the	  same	  3me	  	  

  R&D	  in	  evolu3on	  of	  exis3ng	  technologies	  	  	  
–  By	  necessity	  project	  driven	  and	  low-‐risk	  	  

–  Cri3cal	  to	  maintain	  leadership	  in	  current	  experimental	  efforts	  

  R&D	  mo3vated	  by	  common	  goals	  among	  various	  experiments	  	  
–  Generally	  longer	  term	  and	  higher	  risk	  

–  Benefits	  mul3ple	  experimental	  areas	  at	  the	  same	  3me	  	  

  R&D	  mo3vated	  by	  transforma3onal	  change	  	  
–  Can	  lead	  to	  incremental	  or	  significant	  improvements	  in	  	  

cost	  reduc3on	  and/or	  scien3fic	  reach	  
–  High	  risk	  –	  high	  reward	  R&D	  with	  poten3al	  to	  lead	  to	  	  

scien3fic	  breakthroughs	  
–  Long	  3me	  scale	  	  

  Program	  needed	  with	  a	  balanced	  porOolio	  of	  risk	  between	  evolu5onary	  
and	  revolu5onary	  detector	  R&D	  and	  an	  appropriate	  level	  of	  ‘generic’	  
project	  related	  detector	  R&D	  
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A New Program  

  Missing	  from	  the	  current	  program	  is	  the	  investment	  in	  transforma3ve	  
technologies	  

  Suggest	  to	  ini3ate	  a	  new	  detector	  development	  program,	  outside	  the	  
exis3ng	  R&D	  funding,	  for	  long-‐term	  investment	  in	  more	  challenging	  but	  
poten3ally	  high	  impact	  research	  (Grand	  Challenges):	  
–  Issued	  periodically,	  na3on-‐wide	  	  	  
–  Call	  addresses	  key	  technological	  issues	  that	  currently	  limit	  science	  reach	  	  

–  Adopts	  an	  innova3ve	  approach	  that	  could	  prove	  transforma3onal	  if	  successful	  

–  Has	  emphasis	  on	  mul3-‐disciplinary	  approach	  	  
–  Builds	  on	  close	  collabora3on	  with	  universi3es	  and	  na3onal	  laboratories	  
–  Be	  subject	  to	  review	  with	  funding	  at	  a	  substan3al	  level	  for	  at	  least	  three	  years	  

  Areas	  where	  exis3ng	  technologies	  would	  be	  	  
cost-‐prohibi3ve	  for	  mee3ng	  the	  goals	  of	  	  
future	  experiments	  would	  be	  good	  candidate	  
research	  areas	  
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Benefits of a New Program  

  Transforma5onal	  technologies	  can	  only	  be	  developed	  with	  funding	  for	  high-‐risk,	  
high-‐reward	  detector	  R&D	  in	  grand	  challenge	  solicita5ons	  	  

  It	  provides	  a	  highly	  visible,	  challenging	  opportunity	  with	  direct	  impact	  on	  the	  
field	  	  

  Through	  its	  university	  –	  na5onal	  lab	  collabora5on:	  	  
–  Enables	  and	  encourages	  tapping	  into	  the	  broad	  range	  of	  exper5se	  at	  each	  

par5cipa5ng	  ins5tu5on	  	  
–  Allows	  universi5es	  to	  train	  students	  in	  complicated	  design	  projects	  

  It	  provides	  a	  means	  to	  recons5tute	  the	  infrastructure	  at	  universi5es	  	  
–  Reduces	  engineering	  and	  technical	  loads	  on	  labs	  for	  major	  projects	  	  

–  Allows	  university	  researchers	  to	  become	  more	  involved	  	  

  Provides	  a	  path	  to	  keep	  up	  with	  advances	  in	  industrial	  technology	  and	  for	  the	  US	  
to	  make	  substan5al	  contribu5ons	  to	  future	  detectors	  

  Provides	  a	  way	  to	  have	  uncommiIed	  reserves	  to	  enable	  opportunis5c	  
investments	  or	  unexpected	  difficul5es	  	  	  

  Would	  focus	  the	  crea5ve	  power	  of	  the	  community	  and	  make	  instrumenta5on	  a	  
most	  aIrac5ve	  seang	  which	  provides	  a	  challenging	  environment,	  to	  develop,	  
recruit,	  and	  retain	  the	  best	  and	  brightest	  throughout	  the	  world	  
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Training and Career Path 

  Underpinning	  these	  R&D	  efforts	  is	  the	  urgent	  	  
need	  for	  training	  the	  next	  genera5on	  of	  	  
instrumenta5on	  experts	  	  

  Without	  these	  experts,	  there	  can	  be	  no	  	  
long-‐term	  future!	  	  

  This	  requires:	  	  

–  Challenging	  projects	  to	  aIract	  the	  best	  and	  brightest	  	  	  
–  A	  career	  path,	  both	  at	  laboratories	  and	  universi5es,	  	  

for	  an	  instrumenta5on	  oriented	  career	  

–  Training	  opportuni5es	  and	  adequate	  mentoring	  	  
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Strategic Areas   

  From	  the	  plethora	  of	  technologies	  and	  needs	  of	  all	  the	  fron5ers,	  
iden5fied	  key	  candidate	  areas	  for	  strategic	  investment	  that	  could	  form	  
pillars	  of	  a	  future	  HEP	  program	  	  	  

  Experiments,	  physics	  goals	  and	  technologies	  considered:	  	  HL-‐LHC,	  ILC,	  
CLIC,	  Muon	  collider,	  neutrino	  detectors,	  DM	  detctors,	  CMB	  and	  dark	  
energy	  studies,	  rare	  decay	  experiments,	  high	  energy	  cosmic	  ray	  
observa5ons,	  heavy	  flavor	  factories	  

  Criteria	  applied:	  	  

–  Hold	  promise	  of	  substan5al	  cost	  saving	  	  

–  Hold	  promise	  of	  being	  breakthrough	  technology	  

–  If	  successful,	  should	  have	  enormous	  impact	  on	  the	  science	  reach	  	  	  

–  Based	  on	  the	  exis5ng	  strengths	  and	  capabili5es	  in	  the	  country	  
–  Preferably	  have	  impact	  in	  fields	  other	  than	  HEP	  	  



List of Strategic Areas   
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Instrumenta5on	  Area	  	  	   Possible	  Technology	   En
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ASICs	  
Waveform	  sampling,	  	  
3D	  assemblies,	  high	  channel	  –	  
high	  data	  rate,	  radia3on	  hard	  	  	  	  

✓	   ✓	   ✓	   ✓	   ✓	   ✓	  

Calorimetry	  	  
Crystal	  EM	  calorimetry,	  
compensa3ng	  	  

✓	   ✓	   ✓	   ✓	  

High	  Speed	  DAQ	  	   ATCA,	  high-‐speed	  op3cal	  links	  	   ✓	   ✓	   ✓	   ✓	   ✓	   ✓	  

Large	  Volume	  Detectors	  
Neutron	  veto	  detectors,	  low	  
background	  materials,	  photo-‐det.	  	  

✓	   ✓	   ✓	   ✓	  

Photodetectors	   LAPPD	  or	  SiPM	  	   ✓	   ✓	   ✓	   ✓	   ✓	   ✓	  

Pixelated	  Sensors	  	  
Built-‐in	  intelligence,	  novel	  trigger	  
primi3ves	  	  	  

✓	   ✓	   ✓	   ✓	   ✓	   ✓	  

Power	  and	  Mass	  	   Carbon,	  G-‐pixel	  Si,	  power	  delivery	   ✓	   ✓	   ✓	   ✓	  

It	  is	  expected	  that	  CPAD	  will	  be	  engaged	  to	  iden3fy	  a	  complete	  set	  of	  grand	  challenges	  
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Snowmass Computing Frontier Study 
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HEP Computational Challenges 
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HEP Data Challenges 
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Need for Training and Career Paths 
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Outlook Instrumentation and Computing 

  Successes	  in	  HEP	  have	  always	  been	  closely	  3ed	  to	  advances	  in	  instrumenta3on	  and	  
compu3ng	  	  

  We	  need	  to	  push	  in	  both	  areas	  for	  using	  new	  technologies	  and	  approaches	  that	  
are	  transforma3ve	  	  
–  Instrumenta3on:	  grand	  challenge	  approach	  	  

–  Compu3ng:	  Distributed	  compu3ng,	  networks,	  paralleliza3on,	  virtualiza3on,	  GPUs	  etc	  

  Industry	  has	  caught	  up	  to	  us,	  and	  in	  cases	  has	  surpassed	  us.	  We	  need	  to	  take	  
advantage	  of	  the	  progress	  in	  industry	  and	  of	  advances	  in	  other	  science	  disciplines	  	  	  
–  For	  Compu3ng:	  Ubiquitous	  Big	  Data	  is	  good	  news,	  clouds	  are	  good	  news...there	  is	  much	  

to	  leverage!	  

  CPAD,	  as	  representa3ve	  of	  the	  community,	  can	  play	  an	  important	  role	  in	  
addressing	  instrumenta3on	  development	  in	  collabora3on	  with	  universi3es	  and	  
industry.	  	  

  Compu3ng	  is	  inves3ng	  in	  community	  planning	  to	  solve	  common	  problems	  in	  a	  
partnership	  approach	  

  Correc5ve	  ac5on	  needs	  to	  be	  taken	  now,	  both	  in	  compu5ng	  and	  
instrumenta5on,	  	  to	  retain	  a	  scien5fic	  leadership	  posi5on	  for	  the	  field	  	  
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Voice of Instrumentation 

  The	  Coordina3ng	  Panel	  for	  Advanced	  Detector	  has	  been	  appointed	  as	  
advocate	  of	  instrumenta3on	  to	  ar3culate,	  promote,	  coordinate	  and	  
implement	  the	  strategic	  goals	  for	  instrumenta3on	  

  CPAD	  can	  play	  an	  important	  role	  to	  implement	  a	  balanced	  
instrumenta3on	  program	  benefi3ng	  both	  the	  universi3es	  and	  the	  na3onal	  
labs.	  	  

  CPAD	  can	  bring	  different	  science	  disciplines	  and	  industry	  together	  for	  a	  
mul3-‐disciplinary	  approach	  to	  the	  advancement	  of	  instrumenta3on	  	  	  	  

HEPAP	  Mee(ng,	  Arlington,	  Sept.	  5	  -‐	  6,	  2013	  	  	  -‐-‐	  M.	  Demarteau	  
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CPAD	  appointed	  in	  2012	  
hlp://www.hep.anl.gov/cpad/	  



Innovation Through Partnerships 
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