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EN-ACE-OSS
20-11-18Machine	
  cold	
  –	
  no	
  civil	
  engineering	
  work	
  allowed	
  in	
  TI12	
  

Possible	
  window	
  for	
  CE	
  works	
  Jan	
  2020	
  –	
  end-­‐May	
  2020.	
  
(In	
  addiXon	
  need	
  to	
  install	
  detector	
  before	
  in	
  this	
  period).	
  

CE	
  works	
  can	
  not	
  be	
  done	
  during	
  survey	
  of	
  LHC	
  in	
  sector	
  
81,	
  at	
  these	
  Xmes	
  CE	
  works	
  can	
  be	
  done	
  outside	
  working	
  
hours	
  (should	
  be	
  possible).	
  
Based	
  on	
  this	
  civil	
  engineering	
  team	
  suggested	
  to	
  do	
  CE	
  
works	
  with	
  double	
  shiEs	
  and	
  working	
  Saturdays.	
  
Reduces	
  Xme	
  needed	
  in	
  tunnel	
  to	
  6	
  weeks.	
  	
  

This	
  change	
  likely	
  to	
  increase	
  costs	
  of	
  CE	
  works	
  compared	
  
to	
  what	
  is	
  in	
  TP	
  draE.	
  

Constraints	
  on	
  FASER	
  Civil	
  Engineering	
  works	
  



Updated	
  CE	
  works	
  schedule:	
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Taking	
  into	
  account	
  schedule	
  constraints	
  from	
  previous	
  
slides	
  and	
  other	
  smaller	
  constraints.	
  

BASELINE	
  SCHEDULE:	
  
-­‐ 	
  CE	
  work	
  w5-­‐w10,	
  and	
  outside	
  working	
  hours	
  w11-­‐w14	
  
-­‐ 	
  InstallaXon	
  of	
  heavy	
  components	
  w20/21/22	
  	
  
-­‐	
  IntegraXon	
  and	
  commissioning	
  in	
  situ	
  aEer	
  cool	
  down	
  
(w28),	
  with	
  some	
  weeks	
  excluded	
  for	
  various	
  tests	
  

Discussed	
  with	
  LS2	
  planning	
  responsible,	
  and	
  fits	
  in	
  current	
  
LS2	
  schedule.	
  

8	
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ID Task Name Durati on Start

0 FASER 626.88 days?Tue 1/1/19

2 Magnet System 320 days Tue 1/1/19

3 Tracker System 148 days? Tue 1/1/19

4 Scintillator System 175 days Tue 1/1/19

5 Calorimeter System 140 days Tue 1/1/19

6 Detector Support 133 days? Tue 1/1/19

7 TDAQ System 280 days Tue 1/1/19

8 Infrastructure 359 days? Tue 1/1/19

1 Final Specification 4 wks Tue 1/1/19

2 Worksite Preparation 40 days? Mon 4/1/19

3 Light installation 1 wk Mon 4/1/19

4 UJ12 Cable displacement 1 wk? Mon 4/8/19

5 Removal of TI12 ventilation 1 wk Mon 4/8/19

6 Removal of TI12 cable trays 2 wks? Mon 4/15/19

7 Electrical installation 2 wks? Mon 5/13/19

8 Transport Preparation 94 days? Tue 1/1/19

9 Preparation of tools 8 wks? Tue 1/1/19

10 Installation of tooling 2 wks Mon 4/29/19

11 Services 5 days? Mon 5/11/20

12 Dry air lines 1 wk Mon 5/11/20

13 Fiber optics 1 wk? Mon 5/11/20

14 Rack and network on surface 1 wk? Mon 5/11/20

10 Commissioning and installation 343 days? Mon 2/3/20

1 Cosmic and contingency (no magnets) 2 mons Mon 2/3/20

3 Surface Test 25 days Mon 3/30/20

4 Dry installation 1 wk Mon 3/30/20

5 System testing 4 wks Mon 4/6/20

8 Installation 5 days Mon 5/18/20

9 Installation 0 days Mon 5/18/20

10 Comissioning in TI12 243 days Mon 5/25/20

13 Data taking starts 20 days? Thu 4/29/21

11 Civil Engineering 310 days Mon 1/7/19

1 To Start after frozen integration design -
timescales TBC

0 days Mon 1/7/19

2 Civil Engineering Design 4 wks Mon 1/7/19

3 Procurement 90 days Mon 1/21/19

4 Produce Specification for works 4 wks Mon 1/21/19

5 Procurement request with
Framework lead

2 wks Mon 2/18/19

6 Tender Period 4 wks Mon 3/4/19

7 Tender Evaluation 4 wks Mon 4/1/19

8 Tender award 0 days Fri 4/26/19

9 Exchange contracts and  mobilisation 4 wks Mon 4/29/19

10 Construction Works 35 days Mon 1/27/20

11 Works Start 0 days Mon 1/27/20

12 Set up site and isolate works area 1.2 wks Mon 1/27/20

13 Drilling and installation of transport
fixtures

0.4 wks Tue 2/4/20

14 Modifications to existing drainage 21 days Thu 2/6/20

15 Saw cutting 0.4 wks Thu 2/6/20

16 Remove existing drainage and
make good

0.4 wks Wed 2/12/20

17 Core out concrete 0.8 wks Fri 2/14/20

18 Install drainage 0.8 wks Fri 2/28/20

19 Pour concrete 1 day Thu 3/5/20

20 Detector Enabling Works 25 days Mon 2/10/20

21 Saw cutting 0.4 wks Mon 2/10/20

22 Core out concrete 1.2 wks Thu 2/20/20

23 Making good/ concrete base 0.4 wks Fri 3/6/20

24 Clear site and demobilise 0.8 wks Tue 3/10/20

25 Completion 0 days Fri 3/13/20

5 / 18

1 / 7

4/ 26

1 / 27

3 / 13
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Dea dline

Progress

Manual Progress

Page 1

Pro je ct: FASER
Date:
Fri 11 /23 /18

Master	
  schedule	
  (Jan	
  2019	
  –	
  Nov	
  2020)	
  

TI12	
  
preparaXon	
  
work	
  

commissioning	
  on	
  surface	
  	
  
+	
  dry	
  installaXon	
  

installaXon	
  +	
  
integraXon	
  in	
  situ	
  

CE	
  works	
  in	
  tunnel	
  



Next	
  steps	
  in	
  planning	
  

•  IntegraXon	
  into	
  formal	
  LS2	
  plans	
  and	
  sign	
  off	
  by	
  all	
  relevant	
  
groups	
  
–  Transport	
  	
  
–  EN-­‐EL	
  (power,	
  lights,	
  readout	
  fibers…)	
  
–  EN-­‐CV	
  (compressed	
  air,	
  removal	
  of	
  venXlaXon	
  ducts)	
  
–  Safety	
  	
  

•  We	
  have	
  had	
  discussions	
  with	
  all	
  relevant	
  groups	
  and	
  these	
  
indicate	
  that	
  the	
  work	
  we	
  need	
  is	
  minimal	
  and	
  can	
  be	
  done	
  

•  Formal	
  integraXon	
  of	
  FASER	
  work	
  with	
  the	
  LS2	
  schedule	
  
would	
  follow	
  LHCC	
  approval	
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Since	
  draE	
  TP	
  submiJed	
  to	
  LHCC	
  
•  Discussion	
  with	
  CERN	
  Networking	
  group	
  

–  Viable	
  networking	
  soluXon	
  idenXfied	
  and	
  costed	
  (~6kCHF)	
  
•  Discussion	
  with	
  CERN	
  compuXng	
  resources	
  management	
  

–  CompuXng	
  resources	
  considered	
  to	
  be	
  very	
  minimal	
  and	
  costed	
  (see	
  next	
  slide)	
  
•  Progress	
  on	
  QA	
  of	
  spare	
  SCT	
  modules	
  	
  

–  Using	
  Cambridge/Chimaera	
  readout	
  system,	
  have	
  been	
  able	
  to	
  communicate	
  with	
  SCT	
  
module	
  and	
  read	
  out	
  first	
  data	
  for	
  QA	
  analysis	
  

•  ConXnuing	
  to	
  work	
  on	
  background	
  measurements	
  
–  Emulsion	
  detectors	
  from	
  TI18	
  developed	
  in	
  Bern	
  last	
  week	
  
–  Will	
  be	
  used	
  to	
  measure	
  flux	
  of	
  high	
  energy	
  EM	
  objects,	
  and	
  possibly	
  see	
  first	
  neutrino	
  

events	
  from	
  LHC	
  collisions	
  	
  
–  Updated	
  FLUKA	
  study	
  (conclusions	
  unchanged)	
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CompuXng	
  update:	
  



13 

DAQ	
  
boards	


•  The	
  system	
  for	
  SCT	
  module	
  QA	
  was	
  setup	
  at	
  
CERN.	
  

•  DAQ	
  system	
  developed	
  by	
  Cambridge	
  group	
  is	
  
used	
  for	
  the	
  module	
  readout.	
  

•  The	
  module	
  is	
  operated	
  at	
  room	
  temperature	
  
(~15	
  degree)	
  with	
  water	
  cooling	
  system.	
  

•  The	
  configuraXon	
  of	
  the	
  module	
  and	
  data	
  readout	
  
were	
  succeeded.	
  

•  The	
  test	
  menu	
  is	
  under	
  preparaXon.	
  

•  The	
  module	
  QA	
  for	
  ~80	
  modules	
  will	
  start	
  from	
  
the	
  beginning	
  of	
  2019.	
  

Module	


SCT	
  module	
  QA	
  Status	
  



Stray	
  magneXc	
  field	
  
•  More	
  detailed	
  calculaXon	
  of	
  stray	
  field,	
  also	
  going	
  to	
  larger	
  

distance	
  
–  3mT	
  limit	
  (for	
  signage	
  at	
  CERN)	
  always	
  within	
  50cm	
  of	
  magnet	
  

centre	
  (so	
  enclosed	
  in	
  trench,	
  does	
  not	
  impact	
  access)	
  

inside	
  magnet	
  

outside	
  magnet	
  

5cm	
  outside	
  magnet	
  opening	
  

1mT	
  field	
  50cm	
  from	
  magnet	
  centre	
  14	
  



Funding	
  Status	
  
•  Since	
  the	
  last	
  LHCC	
  discussion,	
  the	
  Simons	
  FoundaXon	
  has	
  agreed	
  to	
  join	
  the	
  

Heising-­‐Simons	
  FoundaXon	
  in	
  funding	
  FASER	
  for	
  a	
  total	
  of	
  2	
  MCHF	
  
–  We	
  expect	
  that	
  450	
  KCHF	
  will	
  be	
  available	
  in	
  January	
  2019	
  for	
  magnet	
  construcXon	
  	
  
–  The	
  remaining	
  1550	
  KCHF	
  will	
  be	
  available	
  starXng	
  in	
  March	
  2019	
  

•  	
  	
  We	
  foresee	
  this	
  funding	
  will	
  include	
  support	
  for	
  3	
  full-­‐Xme	
  graduate	
  students.	
  	
  	
  
–  This	
  could	
  be	
  more	
  than	
  3	
  people	
  if	
  some	
  are	
  parXally	
  supported	
  by	
  other	
  funds	
  or	
  work	
  

partly	
  on	
  other	
  experiments	
  
•  In	
  addiXon,	
  we	
  have	
  submiJed	
  proposals	
  for	
  addiXonal	
  funding	
  from	
  naXonal	
  

funding	
  agencies	
  for	
  graduate	
  student	
  and	
  postdoc	
  support.	
  	
  AddiXonal	
  proposals	
  
are	
  planned,	
  and	
  we	
  expect	
  that	
  LHCC	
  approval	
  will	
  significantly	
  improve	
  the	
  
prospects	
  for	
  success	
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CollaboraXon:	
  Structure	
  and	
  Status	
  
•  Spokespersons:	
  J.	
  Feng	
  (UCI),	
  J.	
  Boyd	
  (CERN)	
  
•  Senior	
  Engineer:	
  F.	
  Cadoux	
  (Geneva)	
  
•  Main	
  responsibiliXes	
  shown	
  on	
  a	
  following	
  slide	
  
•  Plan	
  to	
  form	
  a	
  collaboraXon	
  board	
  with	
  one	
  representaXve	
  per	
  insXtute	
  
•  CERN	
  legal	
  team	
  draEing	
  MoU	
  for	
  FASER	
  	
  

–  based	
  on	
  other	
  small	
  experiment	
  MoU,	
  although	
  updated	
  due	
  to	
  unique	
  funding	
  of	
  FASER	
  
•  Current	
  collaboraXon:	
  

–  27	
  people,	
  16	
  insXtutes,	
  8	
  countries	
  
•  We	
  believe	
  that	
  we	
  have	
  a	
  core	
  collaboraXon	
  that	
  will	
  be	
  able	
  to	
  deliver	
  the	
  FASER	
  

experiment	
  as	
  detailed	
  in	
  the	
  TP	
  
–  We	
  may	
  try	
  to	
  recruit	
  addiXonal	
  groups	
  if	
  addiXonal	
  specific	
  experXse	
  is	
  needed,	
  but	
  are	
  not	
  looking	
  to	
  

add	
  a	
  large	
  number	
  of	
  addiXonal	
  groups	
  
–  We	
  do	
  need	
  some	
  moXvated	
  and	
  hardworking	
  graduate	
  students,	
  and	
  possible	
  a	
  couple	
  of	
  postdocs	
  	
  to	
  

help	
  complete	
  the	
  work	
  needed	
  
–  In	
  our	
  funding	
  request	
  we	
  foresee	
  funding	
  for	
  three	
  full	
  FASER	
  graduate	
  students	
  

•  This	
  could	
  be	
  more	
  than	
  three	
  people	
  if	
  working	
  partly	
  on	
  FASER	
  and	
  partly	
  on	
  other	
  experiments	
  
–  Intend	
  to	
  apply	
  for	
  addiXonal	
  funding	
  from	
  naXonal	
  funding	
  agencies	
  for	
  graduate	
  student	
  and	
  postdoc	
  

funding	
  on	
  FASER	
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The	
  current	
  collaboraXon	
  author	
  list:	
  
(TP	
  author	
  list	
  also	
  includes	
  CERN	
  personnel	
  who	
  have	
  made	
  important	
  technical	
  contribuXons	
  to	
  the	
  TP)	
  



Breakdown	
  of	
  responsibiliXes	
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ConfirmaXon	
  from	
  CERN	
  
magnet	
  group	
  that	
  they	
  can	
  
construct	
  the	
  FASER	
  magnets	
  in	
  
a	
  Xme	
  line	
  and	
  cost	
  that	
  meets	
  
our	
  needs.	
  

Magnet	
  construcXon	
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Formal	
  approval	
  to	
  use	
  SCT	
  and	
  LHCb	
  ECAL	
  spares	
  



Physics	
  Benchmark	
  Paper	
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In	
  	
  the	
  next	
  days	
  we	
  will	
  submit	
  a	
  paper	
  to	
  arxiv	
  detailing	
  the	
  physics	
  potenXal	
  of	
  FASER	
  and	
  
FASER-­‐2	
  in	
  a	
  number	
  of	
  relevant	
  benchmark	
  models.	
  This	
  serves	
  as	
  input	
  to	
  the	
  Physics	
  
Beyond	
  Colliders	
  effort.	
  

We	
  decided	
  to	
  also	
  submit	
  the	
  LOI	
  to	
  arxiv,	
  in	
  part	
  to	
  allow	
  theorists	
  to	
  study	
  FASER	
  sensiXvity	
  
for	
  new	
  models.	
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We	
  would	
  like	
  to	
  acknowledge	
  the	
  huge	
  work	
  from	
  many	
  CERN	
  teams	
  and	
  others,	
  in	
  helping	
  us	
  
to	
  get	
  to	
  the	
  current	
  stage.	
  For	
  the	
  biggest	
  contribuXons	
  the	
  CERN	
  technical	
  personnel	
  are	
  
included	
  in	
  the	
  author	
  list	
  of	
  the	
  TP.	
  Other	
  contribuXons	
  are	
  acknowledged	
  below:	
  



Backup	
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Picture	
  of	
  SAS	
  used	
  for	
  CE	
  work	
  in	
  AWAKE	
  

Dust	
  suppression	
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Dust	
  suppression	
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Example	
  of	
  tools	
  to	
  be	
  used	
  for	
  CE	
  
work	
  –	
  designed	
  for	
  maximum	
  dust	
  
suppression…	
  

Dust	
  suppression	
  



CONSTRAINTS:	
  
-­‐	
  No	
  CE	
  works	
  in	
  2019	
  (diode	
  cleaning	
  campaign)	
  
-­‐ 	
  Sector	
  81	
  cool	
  down	
  end-­‐May	
  (w25)	
  –	
  aEer	
  this	
  no	
  CE	
  
works,	
  no	
  transport	
  of	
  heavy	
  loads	
  over	
  QRL	
  
-­‐ 	
  CE	
  work	
  only	
  outside	
  working	
  hours	
  when	
  survey	
  work	
  
ongoing	
  in	
  s81	
  
-­‐ 	
  Water	
  cooled	
  cabling	
  using	
  TI12	
  in	
  Jan	
  2020	
  
-­‐ 	
  Various	
  weeks	
  with	
  no	
  access	
  due	
  to	
  electrical/pressure	
  
tests	
  etc…	
  	
  

BASELINE	
  SCHEDULE:	
  
-­‐ 	
  CE	
  work	
  w5-­‐w10,	
  and	
  outside	
  working	
  hours	
  w11-­‐w14	
  
(first	
  week	
  preparaXon	
  of	
  TI12	
  area)	
  
-­‐ 	
  InstallaXon	
  of	
  heavy	
  components	
  w20/21/22	
  	
  
(flushing	
  stopped	
  during	
  day	
  of	
  heavy	
  liEing)	
  
-­‐ 	
  IntegraXon	
  and	
  commissioning	
  in	
  situ	
  during	
  some	
  weeks	
  
aEer	
  cool	
  down	
  

POSSIBLE	
  ISSUES:	
  
-­‐ 	
  AFP	
  dust	
  issue	
  in	
  Feb/March	
  2020	
  
-­‐ 	
  liJle	
  conXngency	
  for	
  CE	
  works	
  
-­‐ 	
  liJle	
  conXngency	
  for	
  magnet	
  delivered	
  late	
  

CONTINGENCY:	
  
-­‐ 	
  possibly	
  transport	
  heavy	
  items	
  over	
  machine	
  when	
  cold	
  IF	
  
adequate	
  protecXon	
  available	
  and	
  redundant	
  procedures	
  
-­‐ 	
  last	
  resort	
  finish	
  installaXon	
  in	
  YETS	
  21/22	
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Updated	
  FLUKA	
  simulaXons	
  

Updated	
  plots	
  with	
  much	
  
improved	
  staXsXcal	
  accuracy.	
  

These	
  studies	
  show:	
  
neutrinos	
  come	
  mostly	
  from	
  p-­‐p	
  
collision	
  products	
  direct	
  decay,	
  	
  
while	
  two	
  thirds	
  of	
  the	
  muons	
  are	
  
produced	
  through	
  further	
  
interacXons.	
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Costs	
  

CE	
  cost	
  will	
  increase	
  due	
  
to	
  changes	
  discussed.	
  In	
  
addiXon	
  transport	
  costs	
  
will	
  increase	
  for	
  
protecXon	
  of	
  QRL	
  (under	
  
design)	
  	
  

Included	
  20%	
  conXngency	
  
for	
  funding	
  request	
  



Following	
  slides	
  on	
  model	
  of	
  FASER	
  
transport/installaXon	
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Updated	
  schedules	
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Tracker	
  

ID Task Name Durat ion

0 Tracker System 148 days?

1 SCT module QA 3 mons

2 Tracker Design & fabrication Drawings 39.25 days

3 3D design validation 21.88 days

4 Fabrication drawings 4.38 days

5 Tendering & orders 10 days

6 Fabrication of Tracker parts 25 days

7 Tracking plane Frame (x9) 25 days

8 Spacer frame (x6) 13.13 days

9 Tracking station Outer box (x3) 17.5 days

10 Cooling piping 8.75 days

11 Fixation to BaseFrame (x3) 8.75 days

12 Chiller pipe manifolds 4.38 days

13 Assembly of Tracker planes 45 days

14 SCT Module to Frame & Tests 15 days

15 Assembly with spacers & Tests 3 days

16 Assembly into Outer Box &  servicing 10 days

17 Station TESTING (x3) 15 days

18 Procurement 60 days?

19 Powersupplies and crate 8 wks

20 Chiller 8 wks

21 Flex cables 12 wks?

22 Cables 12 wks?

23 Patch panels 60 days

24 Design 4 wks

25 Production 6 wks

26 Validation 2 wks

27 Interlock and monitoring 90 days

28 Design 8 wks

29 Production 8 wks

30 Testing 2 wks

23 28 3 8 13 18 23 28 2 7 12 17 22 27 1 6 11 16 21 26 3 8 13 18 23 28 2 7 12 17 22 27 2 7 12 17 22 27 1 6 11 16 21 26 1
December 2018 January 2019 February 2019 March 2019 April 2019 May 2019 June 2019 Ju ly 2019

Task

Sp lit

Milestone

Summary

Project Summary

Inactive Task

Inactive Milestone

Inactive Summary

Manua l Task

Duration-on ly

Manua l Summary Rollup

Manua l Summary

Start-on ly

Fin ish-on ly

External Tasks

External Milestone

Dead line

Progress

Manua l Progress

Page 1

Pro ject: Tracke
Date:
Sat 11/17/18
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TDAQ	
  
ID Task Name Duration

0 TDAQ System 330 days
1 Final Specification 12 wks
2 Procurement 60 days
3 Network switches 8 wks
4 Readout PCs 8 wks
5 Digitizer and crate 12 wks
6 Custom hardware 60 days
7 Adapter board design 6 wks
8 Adapter Board Production 6 wks
9 Firmware production 200 days
10 Tracker Firmware 20 wks
11 TLB Firmware 16 wks
12 DAQ Software 8 mons
13 DCS software 7 mons
14 Commissioning 160 days
15 Tracker readout 16 wks
16 Trigger readout 12 wks
17 DAQ 12 wks
18 Integration 10 wks

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Qtr 4, 2018 Qtr 1, 2019 Qtr 2, 2019 Qtr 3, 2019 Qtr 4, 2019 Qtr 1, 2020 Qtr 2, 2020

Task

Split

Milestone

Summary

Project Summary

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration-only

Manual Summary Rollup

Manual Summary

Start-only

Finish-only

External Tasks

External Milestone

Deadline

Progress

Manual Progress

Page 1

Project: TDAQ 
Date: 
Mon 11/5/18
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ID Task 
Mode

Task Name Duration

0 Magnet System 320 days
1 Project Validation 1 mon
2 Design 80 days
3 Magnet Design 1 mon
4 Design Report 1 mon
5 Mechanical Design 2 mons
6 Procurement 120 days
7 Materials 6 mons
8 Assembly 60 days
9 1st Magnet 1 mon
10 2nd Magnet 1 mon
11 3rd Magnet 1 mon
12 Field Measurements 40 days
13 Measurements 2 mons

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Qtr 4, 2018 Qtr 1, 2019 Qtr 2, 2019 Qtr 3, 2019 Qtr 4, 2019 Qtr 1, 2020 Qtr 2, 2020

Task

Split

Milestone

Summary

Project Summary

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration-only

Manual Summary Rollup

Manual Summary

Start-only

Finish-only

External Tasks

External Milestone

Deadline

Progress

Manual Progress

Page 1

Project: Magne
Date: 
Fri 11/2/18

Magnet	
  


