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ATLAS	  Detector 
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Data	  Collected	  by	  ATLAS 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

Ø  ATLAS	  detector	  operated	  very	  successfully	  
Ø  Pile-‐up	  increased	  significantly	  with	  higher	  

peak	  luminosity.	  
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ATLAS	  Physics	  Results 
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More	  data	  needed	  to	  improve	  the	  precision	  of	  Higgs	  measurements,	  other	  
SM	  measurements,	  and	  new	  physics	  searches.	  
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The	  High-‐Luminosity	  LHC	  (HL-‐LHC) 
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•  ATLAS	  	  upgrades:	  
Long	  Shutdown	  1	  (LS1):	  RPC	  in	  barrel	  feet	  regions,	  MDT	  at	  |eta|	  in	  [1.1,	  1.3],	  pixel	  IBL,	  HLT	  
Long	  Shutdown	  2	  (LS2):	  New	  Small	  Wheel,	  muon,	  LAr	  electronics,	  L1	  calo,	  FTK,	  TDAQ	  
Long	  Shutdown	  3	  (LS3):	  many	  new	  systems,	  R&D	  ac^vi^es	  and	  TDR	  prepara^on	  ongoing	  	  
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ATLAS	  Phase-‐1	  Upgrade 
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New	  Small	  Wheel 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

Ø Two	  5	  meter	  radius	  wheels	  in	  the	  inner	  end-‐cap	  region	  (1.3<|η|<2.7)	  
Ø Each	  wheel	  is	  formed	  by	  

•  2	  external	  sTGC	  quadruplets	  (mainly	  trigger,	  bunch	  ID	  iden^fica^on	  +	  
vector	  tracking	  with	  <1	  mrad	  angular	  resolu^on	  

•  2	  internal	  MicroMegas	  quadruplets	  (mainly	  tracking	  spa^al	  resolu^on	  
<100	  μm)	  

Ø Needed	  to	  reduce	  fake	  muon	  triggers	  in	  the	  end-‐cap	  region.	  

ATLAS-‐TDR-‐020-‐2013	  
Expected	  L1	  muon	  rate	  for	  L	  =	  3×1034	  cm-‐2s-‐1	  
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Barrel	  Inner	  Small	  Region	  (BIS78) 
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Ø NSW	  covers	  the	  region	  1.3<|η|
<2.7,	  while	  the	  big	  wheel	  covers	  
1.0<|η|<2.7	  	  	  

Ø  Half	  of	  the	  region	  1.0<|η|<1.3	  
covered	  by	  the	  exis^ng	  EIL4	  TGC	  
end-‐cap	  trigger	  detectors	  

Ø New	  detectors	  in	  the	  BIS	  region	  
cover	  the	  other	  half	  

Ø  16	  RPC	  trigger	  chambers	  (8	  each	  
side)+	  replacement	  of	  16	  exis^ng	  
MDT	  with	  sMDT	  

Ø  The	  addi^onal	  RPC	  chambers	  can	  
significantly	  reduce	  the	  foreseen	  
fake	  rate	  

Ø  Phase	  II	  pilot	  project:	  
Same	  MDT	  and	  RPC	  detector	  
technology	  that	  will	  be	  used	  for	  Phase	  
II,	  when	  the	  full	  BI	  layer	  will	  be	  
equipped	  

Barrel	  Inner	  Smaller	  Region	  
BIS78	  RPC+sMDT	  
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LAr	  Calorimeter	  and	  L1Calo	  New	  Electronics 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

An	  electron	  with	  pT=70	  GeV	  
seen	  by	  exis^ng	  L1-‐Calo	  
trigger	  electronics	  	  
	  

LEFT	  	  	  	  	  à	  	  	  	  	  Right	  
	  
Seen	  by	  the	  proposed	  
upgraded	  trigger	  electronics	  	  

LAr	  calorimeter:	  
Ø  New	  Front-‐End	  (Trigger	  Digi^zer	  Board)	  and	  Back-‐End	  (Digital	  Processing	  System	  Boards)	  
Ø  Increased	  trigger	  tower	  granularity	  (Δη×Δφ	  =	  0.025	  ×	  0.1)	  
Ø  Good	  trigger	  performances	  with	  the	  increasing	  luminosity	  and	  pile-‐up:	  

1  Low	  trigger	  rate,	  thanks	  to	  the	  background	  rejec^on	  
2  Low	  thresholds	  and	  bener	  turn-‐on	  curves,	  due	  to	  the	  higher	  geometrical	  resolu^on	  

L1Calo:	  
Ø  New	  feature	  extractor	  boards:	  eFEX,	  gFEX,	  jFEX	  
Ø  More	  refined	  processing	  of	  electromagne^c	  calorimeter	  informa^on	  at	  higher	  granularity	  
Ø  Bener	  discrimina^on	  between	  photons,	  electrons,	  taus	  and	  jets	  
Ø  Efficient	  signal	  object	  triggers	  for	  EW-‐scale	  physics	  
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Fast	  TracKer	  (FTK) 
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Ø  A	  system	  of	  electronics,	  using	  data	  from	  pixel,	  SCT,	  and	  IBL	  
Ø  Performs	  real-‐^me	  tracking	  for	  all	  events	  accepted	  by	  the	  Level-‐1	  

trigger	  (no	  RoI),	  suppor^ng	  HLT	  decision	  
Ø  Efficiency	  >	  90%	  for	  pT	  >1	  GeV,	  |η|<2.5,	  rate	  up	  to	  100	  kHz,	  latency	  

<100	  μs	  
Ø  Provides	  tracking	  informa^on	  to	  Level-‐2	  in	  ~	  25	  μs	  
Ø  Based	  on	  pipelined	  custom	  hardware:	  

•  Frist	  stage	  (panern	  recogni^on)	  +	  
second	  stage	  (track	  fiung)	  

•  8192	  associa^ve	  memory	  custom	  
chips	  >	  1000	  FPGAs	  

Ø  Expected	  to	  be	  done	  100%	  for	  
Phase-‐I.	  
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TDAQ	  Phase-‐I 
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•	  L1	  calo:	  
-‐	  new	  trigger	  and	  readout	  electronics,	  new	  fibre	  op^cs	  system	  
-‐	  finer	  granularity	  data,	  more	  efficient	  algorithms	  

•	  L1	  topo:	  
-‐	  new	  board:	  topological	  algorithms,	  calorimeters	  and	  muons	  

•	  L1	  end-‐cap:	  
-  New	  muon	  end-‐cap	  sector	  logic	  board	  with	  new	  inputs	  
-  New	  Small	  Wheel	  muon	  system	  (trigger	  processor	  boards)	  
-  RPC	  new	  BIS78	  trigger	  boards	  
-  Outer	  layer	  of	  the	  extended	  barrel	  of	  the	  Tile	  Calorimeter	  
-  Reduce	  the	  fake	  trigger	  rate	  

•	  L1	  MuCTPi:	  new	  Muon	  to	  Central	  Trigger	  Processor	  interface	  board	  
•	  FTK:	  new	  hardware	  track	  system	  
•	  HLT:	  output	  rate	  up	  to	  1	  kHz	  
•	  Felix	  readout	  system:	  

-‐  Func^on	  as	  a	  router	  between	  the	  FE	  links	  and	  commercial	  mul^-‐gigabit	  network	  technology	  
-‐  Previous	  hardware	  RODs	  are	  replaced	  with	  soxware	  processes	  
-‐  Phase-‐I:	  NSW,	  BIS78,	  L1calo.	  It	  will	  be	  the	  standard	  system	  for	  phase-‐II	  
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ATLAS	  Upgrade	  for	  Phase-‐II 
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Inner	  Tracker 
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Ø The	  first	  ATLAS	  Phase-‐II	  TDR	  (ATLAS-‐TDR-‐025-‐2017	  ),	  covering	  the	  
outer	  part	  of	  the	  tracker	  based	  on	  silicon	  strip	  detector,	  submined	  
to	  the	  LHCC	  	  

Ø New	  all-‐silicon	  tracking	  system	  	  
-  pixel	  detector	  at	  small	  radius	  close	  to	  the	  beam	  line	  +	  large	  area	  	  

strip	  tracker	  surrounding	  it	  
-  Central	  region:	  five	  pixel	  layers	  followed	  by	  two	  short-‐strip	  layers	  of	  paired	  

stereo	  modules,	  then	  two	  long-‐strip	  layers	  of	  paired	  stereo	  modules	  	  
-  Forward	  regions:	  six	  strip	  disks	  and	  a	  number	  of	  pixel	  rings	  leading	  to	  one	  or	  

more	  hits	  depending	  on	  the	  ring	  layer	  and	  η	  posi^on	  	  

Ø Extension	  up	  to	  |η|	  =	  4	  
Ø Nearly	  ten	  ^mes	  more	  electronics	  channels	  (60	  million)	  	  
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Performance	  with	  ITk	   
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Ø Equal	  or	  bener	  performances	  than	  the	  exis^ng	  detector	  in	  a	  
much	  more	  difficult	  tracking	  environment	  
-‐	  high	  track	  reconstruc^on	  efficiency	  and	  low	  rate	  of	  fake	  tracks	  	  
>	  99%	  efficiency	  for	  muons	  with	  pT	  >	  3	  GeV:	  85%	  efficiency	  for	  pions	  and	  
electrons	  above	  1	  GeV,	  keeping	  fake	  rates	  below	  1%	  	  

Performance	  of	  MV1	  Btagging	  Algorithm	  Mass	  resolu^on	  for	  Hàμμ	  events	  
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LAr	  Calorimeter	  +	  HGTD 
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Liquid	  Argon	  Calorimeter	  
-  Current	  electronics	  is	  not	  compa^ble	  with	  phase-‐II	  requests	  (latency	  and	  

trigger	  rate)	  
-  Radia^on	  hardness	  requirements	  are	  above	  original	  design	  (1	  kGy	  and	  2.7	  ×	  

1013	  neq/cm2)	  
-  Phase-‐I	  upgraded	  boards	  will	  con^nue	  to	  be	  used	  
-  New	  front-‐end	  and	  back-‐end	  electronics	  
-  Full	  granularity	  FE	  digital	  data	  sent	  at	  40	  MHz	  to	  back-‐end	  

High	  Granularity	  Timing	  Detector	  (HGTD)	  
-  Mo^va^on:	  pile-‐up	  mi^ga^on,	  improve	  e/γ	  

and	  Jet/Etmiss	  performance	  
-  Lower	  trigger	  thresholds	  and	  increased	  physics	  

acceptance;	  validate	  isola^on	  for	  e/ɣ	  
-  Sort	  charged	  tracks	  by	  ^me	  to	  reduce	  

confusion	  in	  tracking	  and	  par^cle	  flow	  
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Tile	  Calorimeter 
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Ø Mo^va^ons	  for	  the	  upgrade:	  
-  Bener	  radia^on	  tolerance,	  bener	  precision	  and	  finer	  trigger	  granularity	  	  
-  Increased	  rate	  and	  latency	  
-  Ageing	  of	  components	  exceeding	  the	  design	  life^me	  

Ø New	  electronics:	  
-  High	  speed	  op^cal	  communica^on	  for	  full	  data	  transmission	  at	  40	  MHz	  to	  

off-‐detector	  electronics	  

-  Reduced	  modularity	  

-  Digital	  informa^on	  for	  the	  L0/L1	  Trigger	  systems	  

-  Full	  redundant	  data	  path	  and	  powering	  
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Muon	  Detectors 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

Ø Mo^va^on:	  
-  Reduce	  the	  trigger	  fake	  rate	  in	  barrel	  and	  

end-‐cap	  regions	  
-  Increase	  trigger	  performances	  
-  Increase	  geometrical	  coverage	  in	  the	  

barrel	  

Ø New	  detectors:	  
-  Barrel	  inner	  RPC	  +	  sMDT:	  
•  old	  BIS	  MDT	  replaced	  by	  new	  (sMDT	  +	  RPC)	  
•  new	  RPC	  mounted	  on	  top	  of	  exis^ng	  BIL	  MDT	  
-  TGC	  EIL4	  
-  Large-‐eta-‐tagger:	  up	  to	  |η|	  =	  4;	  several	  

physics	  channels	  iden^fied	  and	  under	  
study	  (Micro-‐Panern	  Gas	  Detectors	  )	  
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Level-‐0	  and	  Level-‐0/Level-‐1	  TDAQ 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

•  L0	  trigger	  rate	  =	  1	  MHz;	  L0	  latency	  =	  10	  μs	  
•  The	  Global	  Event	  processor	  replaces	  the	  exis^ng	  L1Topo	  and	  

integrates	  topological	  func^ons	  with	  addi^onal	  selec^on	  
algorithms	  using	  addi^onal	  informa^on	  from	  the	  calorimeters	  

	  
•  L0/L1	  schema	  introduces	  a	  second	  level	  of	  hardware	  track	  

trigger	  (panern	  recogni^on	  with	  AM	  chips	  +	  track	  fiung	  with	  
FPGA)	  

•  L0	  trigger	  rate	  =	  4	  MHz;	  L0	  latency	  =	  10	  μs	  	  
•  L1	  trigger	  rate	  =	  800	  kHz;	  L1	  latency	  =	  35	  μs	  
•  The	  L0	  Global	  Event	  processor	  generates	  the	  commands	  

request	  for	  the	  read	  out	  of	  the	  data	  from	  the	  ITk	  detector	  
•  The	  L1Track	  receives	  ROI	  from	  ITk	  and	  performs	  track	  finding	  
•  The	  L1	  Global	  Event	  processor	  refines	  e/γ,	  τ,	  jets	  and	  ETmiss	  

signatures	  and	  improves	  rejec^on	  by	  combining	  
	  	  	  	  	  	  The	  refined	  calorimeter	  signature	  informa^on	  with	  
	  	  	  	  	  	  The	  tracking	  informa^on	  from	  L1Track	  
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Ø  The	  large	  datasets	  to	  be	  collected	  with	  the	  High-‐Luminosity	  LHC	  
will	  allow	  to:	  
-  Precision	  measurements	  in	  the	  125	  GeV	  Higgs	  boson	  sector	  
-  Search	  for	  rare	  Higgs	  boson	  decay	  modes	  
-  Study	  the	  low	  produc^on	  cross	  sec^on	  Standard	  Model	  processes	  
-  Search	  for	  new	  phenomena	  beyond	  Standard	  Model	  	  

Ø  Phase-‐I	  upgrades:	  
-  Advanced	  state,	  produc^on	  star^ng	  soon	  for	  most	  of	  the	  systems	  
-  Provides	  improved	  rate	  capabili^es	  and	  background	  rejec^on	  for	  L=2-‐3x1034	  cm-‐2s-‐1	  	  

Ø  	  Phase-‐II	  upgrades:	  	  
–  Designed	  for	  L=5-‐7.5	  x	  1034	  cm-‐2s-‐1	  and	  3000	  �-‐1	  

–  Up	  to	  factor	  10	  increase	  in	  radia^on	  hardness	  
–  Improved	  pile-‐up	  handling	  with	  new	  tracker	  and	  possible	  ^ming	  detector	  	  
–  Trigger	  and	  readout	  capabili^es	  
–  Different	  op^ons	  for	  the	  upgrades	  under	  evalua^on	  	  

Lianliang	  Ma	  @11th	  FCPPL	  WS 

Summary 
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Collabora]on	  among	  FCPPL	  Ins]tu]ons 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

Ø  Many	  French	  and	  Chinese	  ins^tu^ons	  are	  involved	  in	  many	  aspects	  
of	  the	  Phase	  I	  and	  II	  upgrade.	  

Ø  The	  Phase	  II	  program	  is	  now	  acted	  and	  agreed	  by	  LHCC	  and	  ATLAS	  
collabora^on,	  TDR	  published	  and	  the	  final	  funding	  agency	  
valida^on	  is	  ongoing.	  

Ø  It	  is	  the	  ^me	  to	  think	  possible	  collabora^ons:	  

For	  Phase	  II	  
ü  	  	  	  	  	  CPPM,	  LAL,	  LAPP,	  LPC,	  LPNHE,	  LPSC	  (LAr	  (Calo	  +HGTD),	  ITK,	  TILE)	  
ü  	  	  	  	  	  IHEP,	  Tsinghua,	  Nanjing:	  ITk	  silicon	  
ü  	  	  	  	  	  USTC,	  SDU,	  STJU:	  NSW,	  RPC-‐electronics	  
ü  	  	  	  	  	  Chinese	  clusters	  may	  also	  join	  the	  effort	  on	  HGTD	  

Large	  rooms	  for	  strong	  collabora^on	  on	  many	  aspects,	  already	  on	  pixel	  R&D,	  	  
intense	  data	  treatment	  (op^cal	  links	  and	  FPGA,	  O(Tb/s)	  ),	  	  trigger	  for	  the	  
various	  subsystems,	  	  as	  well	  as	  new	  detectors	  (HGTD,...)	  
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Lianliang	  Ma	  @11th	  FCPPL	  WS 

Thanks! 

Thanks	  to	  Riccardo	  Vari	  for	  a	  couple	  of	  his	  slides.	  	  
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sTGC	  at	  Shandong	  University 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

China: 144 sTGC chambers 
365 strip channel, 30 wire 
channel, 45 pad channel  	

完成sTGC Module-0样品，并进行了宇宙线扫描测试 
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High	  Luminosity	  Projec]ons 

Lianliang	  Ma	  @11th	  FCPPL	  WS 

ATL-‐PHYS-‐PUB-‐2014-‐016	  

•  HL-‐LHC	  can	  improve	  by	  a	  factor	  of	  2–3,	  without	  the	  inclusion	  of	  theore^cal	  systema^c	  uncertain^es	  	  
•  The	  hashed	  areas	  indicate	  the	  increase	  in	  error	  due	  to	  current	  theory	  systema^c	  uncertain^es.	  

22/05/2018 24 



Z-‐Y	  View	  of	  ¼	  of	  the	  ATLAS	  Detector 
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RPC	  System 
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Pixel	  Layout 
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Level-‐0	  Calorimeter	  Trigger	  (L0calo)	   
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High	  Luminosity	  Impact	  on	  the	  Experiment 
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ATLAS	  	  upgrades	  needed:	  
Ø  All	  parts	  of	  the	  experiment	  have	  to	  stand	  a	  peak	  leveled	  

luminosity	  of	  7.5	  *	  10	  34	  cm-‐2s-‐1,	  	  
Ø  Detector	  challenges:	  

1  High	  pile-‐up	  ~200	  collisions/crossing	  
2  High	  radia^on	  levels	  (~1016NEQ/cm2;	  10MGy)	  

Ø  Requirements:	  
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