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Outline	  

v There	  are	  three	  dis=nct	  parts	  to	  my	  presenta=on:	  

§  The	  CERN	  HL-‐LHC	  approval	  process	  

§  The	  Interna=onal	  ATLAS	  Collabora=on	  HL-‐LHC	  Ac=vi=es	  

§  HL-‐LHC	  prepara=ons	  within	  the	  U.S.	  ATLAS	  Community	  
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The	  Global	  Strategy	  
v  The	  European	  Strategy	  in	  Par=cle	  Physics	  concluded	  in	  its	  2013	  report:	  

§  The	  discovery	  of	  the	  Higgs	  boson	  is	  the	  start	  of	  a	  major	  program	  of	  work	  to	  measure	  this	  
par=cle’s	  proper=es	  with	  the	  highest	  possible	  precision	  for	  tes=ng	  the	  validity	  of	  the	  
Standard	  Model	  and	  to	  search	  for	  further	  new	  physics	  at	  the	  energy	  fron=er.	  The	  LHC	  is	  
in	  a	  unique	  posi=on	  to	  pursue	  this	  program.	  Europe’s	  top	  priority	  should	  be	  the	  
exploita>on	  of	  the	  full	  poten>al	  of	  the	  LHC,	  including	  the	  high	  luminosity	  upgrade	  of	  
the	  machine	  and	  the	  detectors	  with	  a	  view	  to	  collec=ng	  ten	  =mes	  more	  data	  than	  in	  the	  
ini=al	  design,	  by	  around	  2030.	  	  

v  The	  U.S.	  P5	  process	  concluded	  that:	  
§  [Recommenda=on	  10]:	  Complete	  the	  LHC	  Phase	  I	  upgrades	  and	  con=nue	  the	  strong	  

collabora=on	  in	  the	  LHC	  with	  Phase	  II	  (HL-‐LHC)	  upgrades	  of	  the	  accelerator	  and	  both	  
general-‐purpose	  experiments	  (ATLAS	  &	  CMS).	  The	  LHC	  upgrades	  cons>tute	  our	  highest-‐
priority	  near-‐term	  project.	  

§  Strongly	  endorsed	  by	  NSF	  MPS	  sub-‐commiZee	  (chair:	  YK	  Kim)	  for	  MREFC	  funding.	  
§  The	  HL-‐LHC	  upgrades	  will	  allow	  us	  to	  address	  three	  of	  the	  five	  science	  drivers	  of	  the	  

field,	  as	  iden=fied	  by	  P5:	  
ü  Use	  the	  Higgs	  boson	  as	  a	  new	  tool	  for	  discovery	  
ü  Iden=fy	  the	  new	  physics	  of	  dark	  maZer	  
ü  Explore	  the	  unknown:	  new	  par=cles,	  interac=ons,	  and	  physics	  principles.	  
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8	  TeV	  7	  TeV	  

The	  HL-‐LHC	  Plan	  
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The	  Experiment	  Upgrade	  Approval	  Process	  

v  The	  CERN	  management,	  in	  coordina=on	  with	  the	  Resource	  Review	  Board	  
(RRB),	  has	  iden=fied	  a	  four-‐step	  HL-‐LHC	  approval	  and	  verifica=on	  process:	  

1)  The	  overall	  scope	  and	  cost	  for	  the	  en>re	  upgrade	  program	  for	  each	  experiment	  
will	  be	  defined,	  with	  the	  possibility	  to	  maintain	  different	  op=ons	  which	  may	  
depend	  on	  technical	  issues	  and/or	  on	  funding	  availability.	  

2)  The	  detailed	  technical	  design	  reports	  for	  the	  various	  subsystems	  will	  be	  
reviewed.	  These	  TDRs	  will	  naturally	  come	  at	  different	  =mes	  depending	  on	  the	  
maturity	  of	  the	  projects,	  and	  will	  be	  reviewed	  individually,	  with	  the	  requirement	  
that	  each	  fits	  in	  the	  overall	  approved	  plan	  for	  scope	  and	  cost	  (Project	  Baseline)	  

3)  The	  final	  design	  and	  construc>on	  readiness	  of	  the	  major	  detector	  components	  
will	  be	  reviewed.	  As	  in	  the	  second	  step,	  different	  sub-‐systems,	  and	  in	  some	  cases	  
also	  different	  elements	  of	  the	  subsystems,	  will	  be	  ready	  at	  different	  =mes,	  and	  
will	  be	  reviewed	  accordingly,	  with	  the	  requirement	  that	  they	  are	  compa=ble	  with	  
the	  overall	  construc=on	  and	  installa=on	  plan	  (Start	  of	  Construc=on).	  

4)  As	  sub-‐systems	  are	  coming	  together	  in	  the	  experiment,	  an	  opera>on	  readiness	  
review	  should	  be	  held	  to	  evaluate	  the	  capability	  of	  the	  completed	  detectors	  to	  
provide	  the	  expected	  performance	  and	  mark	  the	  end	  of	  the	  Phase	  II	  upgrade	  
construc=on	  project.	  (Project	  Comple=on).	  
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Upgrade	  Approval	  Process	  (2)	  
v  The	  process	  has	  been	  designed	  to	  enable	  the	  Experiments,	  together	  with	  

the	  Funding	  Agencies	  and	  CERN,	  to	  each	  fulfill	  their	  responsibili=es	  in	  the	  
approval	  process	  in	  a	  =mely	  way.	  

v  In	  prepara=on	  for	  Step	  1,	  the	  ATLAS	  and	  CMS	  experiment	  were	  asked	  to	  
present	  their	  plans,	  including	  the	  impact	  on	  physics	  for	  three	  possible	  
funding	  scenarios:	  
§  200,	  235	  and	  275	  MCHF	  in	  units	  of	  “CORE	  COST”.	  
§  The	  experiments	  were	  also	  asked	  to	  submit	  a	  preliminary	  money	  matrix	  

specifying	  the	  poten=al	  available	  funding	  from	  various	  FAs.	  

v  In	  response	  to	  this	  request,	  both	  ATLAS	  and	  CMS	  have	  put	  together	  a	  
“scoping	  document”	  detailing	  the	  upgrade	  op=on	  for	  each	  scenario,	  the	  
physics	  impact	  and	  the	  preliminary	  “money	  matrix”.	  
§  This	  was	  reviewed	  by	  the	  LHC	  Experiments	  CommiZee	  (LHCC,	  chaired	  by	  F.	  

For=)	  and	  by	  the	  Upgrade	  Cost	  Group	  (UCG,	  chaired	  by	  S.	  Smith),	  and	  their	  
conclusions	  reported	  to	  Resource	  Review	  Board	  (RRB)	  (10/15)	  

§  ATLAS	  Report:	  hZps://cds.cern.ch/record/2055248	  
§  CMS	  Report:	  hZps://cds.cern.ch/record/2055167	  
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Summary	  of	  LHCC/UCG	  Findings:	  
(hZps://indico.cern.ch/event/407749/)	  

v  Performance:	  
§  “For	  both	  experiments,	  the	  Reference	  Scenario	  [275	  MCHF]	  provides	  

performant	  detectors	  capable	  of	  addressing	  the	  physics	  at	  HL-‐LHC.”	  
§  “In	  the	  Intermediate	  Scenario	  [235	  MCHF],	  the	  nominal	  performance	  is	  only	  

moderately	  deteriorated.”	  
§  “The	  limita=ons	  of	  the	  Low	  Scenario	  [200	  MCHF]	  are	  very	  apparent,	  offering	  

significantly	  worse	  detector	  capabili=es.”	  

v  Cost:	  
§  “Cos=ng	  has	  been	  presented	  in	  great	  detail,	  assigning	  a	  quality	  flag	  to	  each	  

es=mate	  to	  define	  the	  level	  of	  uncertainty.”	  
§  “The	  funding	  outlook	  represented	  in	  the	  money-‐matrix	  is	  guardedly	  op=mis=c,	  

with	  substan=ve	  and	  encouraging	  interac=ons	  with	  FAs.”	  

v  General:	  
§  “Both	  experiments	  have	  aZained	  a	  level	  of	  prepara=on	  and	  understanding	  that	  

meet,	  and	  in	  some	  areas	  exceed,	  requirements	  for	  Step	  1	  approval.”	  
§  “The	  ATLAS	  and	  CMS	  Phase	  II	  upgrade	  projects	  are	  ready	  to	  proceed	  to	  Step	  2	  

[TDR]	  that	  will	  establish	  a	  baseline	  cost	  and	  schedule	  for	  construc>on.”	  
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The	  RRB	  Conclusions	  

Based	  on	  the	  LHCC	  and	  UCG	  findings	  and	  the	  subsequent	  
endorsement	  by	  the	  CERN	  Management,	  the	  following	  statement	  was	  
endorsed	  by	  the	  RRB	  :	  

“The	  RRB	  considers	  the	  Step	  1	  of	  the	  approval	  process	  for	  the	  Phase	  II	  
Upgrades	  for	  the	  ATLAS	  and	  CMS	  experiments	  successfully	  completed.	  

A	  scale	  of	  funding	  between	  the	  full	  funding	  and	  the	  intermediate	  scenario	  
seems	  to	  meet	  the	  performance	  requirements.	  

The	  CERN	  Management,	  supported	  by	  the	  recommendaJons	  of	  the	  LHCC	  and	  
the	  UCG,	  deems	  as	  realisJc	  the	  availability	  of	  prospecJve	  funds	  contained	  in	  
the	  preliminary	  “Money	  Matrices”	  submiNed	  by	  the	  experiments.	  

The	  experiments	  are	  therefore	  encouraged	  to	  proceed	  to	  the	  next	  step	  of	  the	  
Phase	  II	  upgrades,	  as	  described	  in	  the	  document	  CERN-‐LHCC-‐2015-‐007.	  The	  
LHCC	  and	  the	  UCG	  as	  well	  as	  the	  Management	  will	  regularly	  update	  the	  RRB	  
on	  progress	  of	  the	  process.”	  
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Interna>onal	  ATLAS	  Planning	  for	  HL-‐LHC	  



ATLAS	  HL-‐LHC	  Upgrades	  

v  The	  current	  ATLAS	  detector	  was	  designed	  to	  operate	  at	  a	  
luminosity	  of	  1034	  cm-‐2	  s-‐1,	  ~25	  interac=ons/p-‐bunch-‐crossing	  and	  a	  
100	  kHz	  Level-‐1	  trigger	  rate	  for	  an	  integrated	  luminosity	  ~	  300	  o-‐1.	  
§  The	  ongoing	  construc=on	  for	  Phase	  I	  upgrades	  is	  focused	  on	  providing	  

addi=onal	  triggering	  capabili=es	  to	  	  allow	  opera=on	  at	  ~2	  x	  1034	  cm-‐2	  s-‐1.	  
v  The	  HL-‐LHC	  upgrades	  for	  the	  ATLAS	  detector	  are	  driven	  by:	  

§  The	  aging	  of	  the	  Inner	  Tracker,	  mostly	  due	  to	  radia=on.	  
§  Increased	  occupancy	  and	  data	  volumes	  satura=ng	  readout	  links	  of	  the	  

exis=ng	  readout	  electronics.	  
§  The	  need	  to	  maintain	  low	  triggering	  thresholds	  with	  increasing	  trigger	  

rates,	  to	  maintain	  physics	  acceptance.	  
§  Prepara=on	  for	  running	  over	  a	  decade	  at	  very	  high	  luminosity	  

o  >	  5	  x	  1034	  cm-‐1	  s-‐1	  with	  140-‐200	  interac=ons/crossing	  
o  Par=cle	  fluxes	  and	  energy	  deposi=on	  ~5	  =mes	  higher	  than	  original	  design	  
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The	  Upgrades	  
v  Consequently,	  the	  primary	  elements	  of	  the	  detector	  upgrades	  in	  the	  

reference	  scenario	  include:	  
§  Full	  Replacement	  of	  the	  Inner	  Tracker	  with	  an	  all-‐Si	  technology	  

o  Driven	  by	  the	  need	  to	  maintain	  tracking	  performance	  in	  a	  high	  
radia=on,	  high	  occupancy	  environment	  and	  to	  provide	  addi=onal	  
acceptance	  in	  the	  very	  forward	  region.	  

§  New	  Trigger/DAQ	  architecture	  
o  Driven	  by	  the	  need	  to	  retain	  low	  pT	  thresholds	  at	  high	  luminosity	  to	  

maintain	  physics	  acceptance	  and	  to	  handle	  increased	  DAQ	  rates.	  
§  New	  readout	  electronics	  for	  all	  systems	  

o  Driven	  by	  the	  need	  to	  handle	  increased	  readout	  data	  rates	  and	  
providing	  addi=onal	  handles	  for	  the	  trigger	  stage.	  

§  Other	  Op=ons	  under	  considera=on	  include:	  
o  Replacement	  of	  the	  Forward	  calorimeter	  and	  the	  innermost	  Muon	  

chambers,	  installa=on	  of	  a	  forward	  =ming	  detector	  &	  forward	  muon	  tagger.	  
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The	  ATLAS	  Detector	  
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ATLAS	  HL-‐LHC	  Documents	  
v ATLAS	  HL-‐LHC	  LeZer	  of	  Intent	  (LoI)	  completed	  and	  endorsed	  

by	  collabora=on	  at	  end	  of	  2012	  
§  hZps://cds.cern.ch/record/1502664	  
§  Providing	  a	  descrip=on	  of	  the	  Phase	  II	  upgrades	  with	  physics	  

jus=fica=on	  and	  an	  ini=al	  cost	  es=mate.	  

v Since	  then,	  a	  “scoping	  document”	  was	  released	  on	  9/2015:	  
§  hZps://cds.cern.ch/record/2055248	  	  
§  The	  document	  described	  the	  proposed	  “Reference	  Detector”	  for	  the	  

HL-‐LHC	  (corresponding	  to	  Core	  cost	  of	  271	  MCHF)	  with	  possible	  
reduc=ons	  corresponding	  to	  the	  Middle	  Scenario	  (228	  MCHF)	  and	  Low	  
Scenario	  (200	  MCHF)	  and	  the	  corresponding	  physics	  impact:	  

–  Performance	  and	  physics	  reach	  is	  significantly	  enhanced	  with	  
the	  Reference	  Scenario.	  In	  some	  physics	  searches,	  x2	  (x4)	  
integrated	  luminosity	  is	  required	  in	  the	  Middle	  (Low)	  Scenario	  
to	  achieve	  the	  same	  significance	  as	  the	  Reference	  Scenario.	  
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The	  Reference	  Detector	  
v  The	  Silicon	  Tracker	  (ITk):	  4	  layers	  of	  pixel	  detector	  and	  5	  layers	  of	  

Strip	  Detector	  and	  an	  extension	  of	  tracking	  to	  |η|	  =	  4.0.	  
§  A	  task	  force	  is	  in	  place	  to	  further	  op=mize	  this	  layout	  by	  mid-‐2016	  

(cost-‐neutral	  wrt	  reference	  scenario).	  	  
v  LAr	  Calorimeter:	  Full	  readout	  electronics	  upgrade	  to	  allow	  40	  MHz	  

streamed	  off	  detector	  for	  trigger	  considera=on.	  	  
§  A	  forward	  Calorimeter	  and	  a	  =ming	  detector	  is	  being	  considered.	  

v  Tile	  Calorimeter:	  Full	  readout	  electronics	  upgrade	  to	  allow	  40	  MHz	  
streamed	  off	  detector	  including	  allowing	  last	  layer	  informa=on	  in	  
Muon	  trigger.	  

v Muon	  System:	  Replacement	  of	  all	  on-‐chamber	  electronics,	  and	  
replacement	  of	  MDTs	  with	  sMDT+RPC	  in	  the	  inner-‐barrel	  region.	  	  

v  Trigger/DAQ:	  Two	  level	  hardware	  trigger	  (L0/L1)	  with	  a	  max	  rate	  of	  
1	  MHz/400	  kHz	  with	  10	  µs/6	  µs	  latency	  and	  10	  kHz	  	  to	  disk.	  
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ATLAS	  Core	  Cost	  Summary	  
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Es=mated	  spending	  profile	  for	  the	  reference	  
scenario	  for	  each	  sub-‐system	  shown	  above.	   Es=mate	  for	  Ref.	  scenario	  &	  reduc=ons	  for	  Mid/Low	  

Sub System 
(Core Cost in MCHF) 

Reference 
Detector 

Middle 
Scenario 

Low 
Scenario 

Silicon Tracker (ITk)  120.4 -7.2 -23.6 

LAr Calorimeter 46.0 -13.6 -13.6 
Tile Calorimeter 8.6 -  - 
Muon System 34.1 -8.8 -12.8 
Trigger/DAQ 43.3 -11.4 -18.2 
Forward Detector 1.3  -  - 
Integration & Installation 17.4 -1.6 -3.0 

TOTAL 271.1 -42.6 -71.2 

v  The	  cos=ng	  for	  each	  sub-‐system,	  incl.	  profile,	  has	  been	  worked	  out	  in	  detail.	  
§  The	  ITk	  has	  the	  longest	  construc=on	  =me	  and	  requires	  funding	  early	  on.	  Produc=on	  phase	  

for	  ITk	  is	  expected	  to	  begin	  in	  FY19.	  

v  ATLAS	  management	  has	  gathered	  input	  from	  all	  countries	  on	  their	  poten=al	  
contribu=ons	  to	  the	  HL-‐LHC	  upgrades,	  which	  has	  been	  discussed	  with	  LHCC/UCG.	  	  
§  Ini=al	  consulta=on	  suggests	  a	  realis=c	  possibility	  for	  securing	  the	  needed	  funds.	  	  
§  U.S.	  contribu=on	  is	  planned	  to	  be	  ~20%	  of	  the	  “core	  cost”,	  comparable	  to	  its	  “fair-‐share”.	  

TOTAL	  

ITk	  

CY	  



The	  Interna>onal	  ATLAS	  Process	  
v  Within	  each	  subsystem	  there	  are	  discussions	  and	  reviews	  of	  components	  
v  Once	  R&D	  is	  sufficiently	  mature,	  the	  subsystem	  leaders	  schedule	  an	  Ini=al	  

Design	  Review	  (IDR)	  based	  on	  a	  comprehensive	  design	  document	  
§  Overall	  performance,	  technical	  requirements,	  ini=al	  cost	  es=mate,	  

preliminary	  schedule	  and	  milestones	  	  
v  The	  sub-‐system	  project	  is	  formalized	  and	  launched	  awer	  the	  IDR	  is	  

completed.	  Ini=al	  ins=tu=onal	  interests	  to	  the	  upgrades	  are	  collected.	  
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v  The	  project	  moves	  to	  the	  TDR	  	  
stage.	  Final	  commitments	  are	  
made	  following	  the	  comple=on	  	  
of	  the	  TDR.	  These	  MoUs	  specify	  	  
the	  formal	  engagements	  with	  	  
each	  country.	  
 



Scoping	  Document	  :	  Schedule	  
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CY	  



U.S.	  ATLAS	  Planning	  for	  HL-‐LHC	  



U.S.	  ATLAS	  
v The	  process	  of	  finalizing	  US	  contribu=ons	  to	  ATLAS	  HL-‐LHC	  

upgrades	  is	  complex	  :	  involving	  coordina=on	  between	  US	  
groups,	  interna=onal	  ATLAS	  and	  US	  funding	  agencies.	  
§  Phase-‐II	  organiza=on	  is	  in	  place	  with	  ac=ng	  project	  managers.	  
§  Aspira=ons	  based	  on	  experience	  and	  exper=se	  of	  US	  groups	  collected.	  
§  BoZom-‐Up	  cost	  es=mate	  of	  US	  proposed	  deliverables,	  incl.	  Labor.	  

o  WBS,	  BoE,	  Risks,	  Con=ngency	  are	  evolving.	  
§  Top-‐Down	  priori=za=on	  based	  on	  uniqueness	  of	  US	  contribu=ons	  and	  

budget	  profiles	  and	  baseline	  to	  meet	  funding	  guidance.	  
§  DOE	  and	  NSF	  scope	  mee=ng	  requirements	  of	  each	  agency	  iden=fied.	  
§  Discussions	  with	  various	  sub-‐systems	  in	  interna=onal	  ATLAS	  ac=ve.	  

o  Similar	  process	  in	  interna=onal	  community	  ongoing,	  with	  the	  
expecta=on	  that	  responsibili=es	  will	  be	  captured	  in	  MOUs	  shortly	  
awer	  the	  TDR’s	  are	  completed.	  

o  U.S.	  contribu=on	  expected	  to	  be	  consistent	  with	  “fair-‐share”.	  
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U.S.	  ATLAS	  HL-‐LHC	  Organiza>on	  
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U.S.	  Scope	  
v U.S.	  ATLAS	  has	  defined	  the	  scope	  of	  its	  poten=al	  contribu=ons	  

to	  the	  HL-‐LHC	  upgrades.	  
§  Driven	  by	  the	  interests	  and	  experience	  of	  the	  U.S.	  groups.	  
§  Discussion	  within	  collabora=on	  and	  building	  consensus	  was	  vital.	  
§  Ac=ve	  discussions	  with	  interna=onal	  ATLAS	  at	  all	  levels	  to	  ensure	  that	  U.S.	  

planning	  is	  integrated	  at	  the	  overall	  collabora=on	  level.	  

v DOE	  Scope:	  
§  Focuses	  on	  the	  produc=on	  of	  the	  Barrel	  ITk	  (Pixel	  and	  Strip	  detector)	  and	  

associated	  common	  support	  infrastructure;	  DAQ	  hardware	  focusing	  on	  data	  
flow	  elements,	  and	  FE	  chip	  development	  for	  LAr.	  

§  Significant	  involvement	  of	  four	  na=onal	  Labs:	  ANL,	  BNL,	  LBNL,	  SLAC	  and	  
leveraged	  with	  University	  contribu=ons.	  

v NSF	  Scope:	  
§  Development	  of	  readout	  electronics	  for	  LAr,	  Tile,	  Muons	  and	  Trigger	  in	  

support	  of	  providing	  robust	  trigger	  strategies	  at	  high	  luminosi=es.	  
§  Significant	  involvement	  of	  NSF	  supported	  Universi=es.	  
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DOE:	  Guidance	  &	  Process	  
v Current	  R&D	  will	  be	  supported	  by	  the	  U.S.	  ATLAS	  Opera=ons	  

Program	  un=l	  HL-‐LHC	  project	  funds	  materialize.	  
§  OPC	  funds	  are	  planned	  to	  support	  prototyping	  effort	  prior	  to	  start	  of	  

produc=on.	  	  	  

v CD-‐0	  for	  HL-‐LHC	  is	  expected	  early	  2016.	  This	  will	  allow	  OPC	  
funds	  to	  begin	  flowing	  in	  FY17.	  

v Given	  our	  experience	  with	  Phase	  I,	  we	  expect	  	  CD-‐1	  will	  take	  
place	  1	  –	  1.5	  years	  awer	  CD-‐0,	  followed	  by	  a	  CD-‐2/3	  	  (by	  ~	  end	  
of	  2018).	  
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(M$)	   FY17	   FY18	   FY19	   FY20	   FY21	   FY22	   FY23	   FY24	   Total	  

OPC	   1.25	   14.0	   15.25	  

TEC	   31.5	   42.3	   26.1	   20.1	   10.0	   4.75	   134.75	  

TPC	   1.25	   14.0	   31.5	   42.3	   26.1	   20.1	   10.0	   4.75	   150.00	  



NSF:	  Guidance	  &	  Process	  
v U.S.	  ATLAS	  and	  U.S.	  CMS	  will	  submit	  a	  joint	  MREFC	  proposal,	  

with	  an	  expected	  funding	  of	  $75M	  per	  experiment.	  
§  In	  prac=ce,	  two	  proposals	  under	  a	  unified	  MREFC	  umbrella.	  
§  Science	  Case	  document	  completed	  in	  May	  2015	  and	  Director	  has	  given	  

permission	  to	  move	  forward	  to	  a	  Conceptual	  Design	  Review	  (CDR).	  
§  We	  are	  currently	  preparing	  for	  the	  CDR,	  including	  pu{ng	  together	  a	  

Project	  Execu=on	  Plan	  (PEP).	  We	  are	  targe=ng	  a	  CDR	  for	  March	  2016.	  
o  This	  will	  be	  followed	  with	  a	  Preliminary	  Design	  Review	  (PDR).	  Following	  a	  

successful	  PDR,	  NSF	  will	  submit	  a	  single	  MREFC	  appropria=on	  request	  for	  
construc=on	  as	  part	  of	  FY20	  budget	  request	  to	  Congress.	  Two	  separate	  
awards	  will	  be	  made	  to	  fund	  US	  ATLAS	  and	  US	  CMS	  proposals.	  

o  A	  Final	  Design	  Review	  will	  occur	  early	  FY20	  prior	  to	  the	  flow	  of	  MREFC	  funds.	  

v  Two	  sources	  of	  funds	  to	  support	  R&D	  and	  prototyping	  through	  FY20:	  
§  U.S.	  ATLAS	  Opera=ons	  Program,	  that	  will	  contribute	  ~$1M	  per	  year.	  
§  Addi=onal	  “planning	  funds”	  (~$6M)	  will	  be	  sought	  directly	  from	  NSF	  for	  

the	  period	  FY17-‐FY20.	  Encouraging	  discussions	  with	  NSF	  ongoing.	  
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Key	  DOE/NSF	  dates	  
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Conclusion	  
v  CERN	  Management	  has	  defined	  a	  target	  cost	  range	  and	  given	  its	  

endorsement	  to	  move	  toward	  the	  next	  stage	  in	  the	  process	  (TDR).	  
v  Interna=onal	  ATLAS	  is	  rapidly	  moving	  toward	  TDR:	  

§  Ini=al	  Design	  Review	  (IDR)	  completed	  for	  ITk	  and	  defined	  as	  a	  “project”.	  
Other	  sub-‐system	  IDRs	  on	  schedule	  to	  be	  completed	  by	  2016.	  

§  TDRs	  scheduled	  between	  2016-‐2017	  for	  all	  sub-‐systems	  
§  U.S.	  ATLAS	  community	  ac=vely	  engaged	  at	  all	  levels	  in	  ATLAS	  

v  U.S.	  ATLAS	  planning	  for	  HL-‐LHC	  progressing	  rapidly	  
§  Increasing	  effort	  to	  complete	  the	  R&D	  effort	  and	  commission	  the	  design	  

with	  prototypes.	  
§  DOE	  CD-‐0	  in	  prepara=on	  at	  agency	  and	  expected	  within	  1-‐2	  months.	  
§  CDR	  for	  NSF	  planned	  for	  March	  2016.	  
§  Addi=onal	  funds	  from	  both	  NSF	  and	  DOE	  are	  expected	  in	  FY17.	  

v  A	  well	  defined	  process	  is	  in	  place	  to	  formalize	  this	  upgrade	  project	  at	  
both	  NSF	  and	  DOE.	  
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Backup	  slides	  



ITk	  and	  Calorimeter	  
v  ITk:	  Four	  layers	  of	  pixel	  detector	  and	  5	  layers	  of	  Strip	  Detector	  and	  an	  

extension	  of	  tracking	  to	  |η|	  =	  4.0	  in	  the	  reference	  scenario.	  
v  Calorimeter:	  Full	  readout	  electronics	  upgrade	  to	  allow	  40	  MHz	  streamed	  

off	  detector	  for	  trigger	  considera=on.	  	  
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Muon	  Spectrometer	  
v  Improve	  the	  muon	  trigger	  
v New	  sTGC	  in	  forward	  

region	  
v Finer	  granularity	  based	  on	  

MDT’s	  
v New	  RPC	  &	  sMDT	  in	  

barrel	  increase	  coverage	  
and	  redundancy	  at	  L0,	  
reduced	  in	  lower	  
scenarios	  

v Par=al	  replacement	  of	  
current	  MDT	  electronics	  
in	  lower	  scenarios	  
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Trigger/DAQ	  
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v  Two	  Level	  FPGA	  based	  
”custom	  harware”	  trigger:	  
1MHz	  @	  Level-‐0	  

v  Performance	  degrades	  for	  
lower	  scenarios	  

v  L0	  trigger	  &	  L1	  tracker	  
trigger	  follow	  η	  coverage	  

v  L1	  track	  trigger	  pT	  threshold	  
increases	  

v  High	  Level	  trigger	  rate	  
decreases	  and	  FTK++	  
thresholds	  increase	  

v  DAQ	  readout	  rate	  decreases	  



Detector	  Performance	  Impact	  
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Physics	  Impact	  
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