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Outline:	  
•  DAQ	  for	  CMS	  Phase-‐II	  detector	  at	  HL-‐LHC	  
•  Chapter	  “DAQ	  and	  Trigger	  Control”	  in	  the	  CMS	  Phase-‐II	  

Technical	  Proposal	  
 



Timescale	  

	  
•  Start	  of	  run-‐4	  physics	  in	  2025	  is	  very	  far	  away	  	  

–  >10	  years,	  two	  5-‐year	  replacement	  cycles	  
•  Note:	  will	  change	  DAQ	  +	  HLT	  farm	  system	  again	  in	  LS2	  (5	  years	  old	  in	  2019)	  

•  Technology	  evolves	  ~exponen>ally	  	  (at	  fixed	  cost	  ?)	  	  
–  FPGA	  and	  serialisers	  
–  Networking	  
–  Compu>ng	  (server	  PCs)	  
–  Storage	  
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From	  	  DAQ1	  (2007)	  to	  DAQ2	  (2014)	  	  

•  DAQ1:	  Myrinet	  (2x2	  GBps)	  and	  Ethernet	  (3x1	  Gbps)	  
•  DAQ2:	  40	  GbE	  and	  IB	  FDR	  56	  Gbps	  
•  Factor	  >10x	  in	  throughput	  per	  DAQ	  “read-‐out”	  node	  
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Data Concentrator: Individual 10/40 Gb/s Ethernet switches 

Core Event Builder:  
56 Gb/s FDR Infiniband     Clos network    

10 Gb/s TCP/IP 
links from FPGA 

Optical readout link 
SLINK express 

Event Filter 
attached by 
1/10/40 Gb/s 
Ethernet  Storage: 

Cluster file system 

Legacy readout link 
SLINK-64 

Frontend Readout Optical Links 
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Two	  level	  CMS	  DAQ	  system	  
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40 MHz 

100 kHz -> 750 kHz 

2 Tbps -> ~50 Tbps 

1 kHz -> ~7.5 kHz 
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DAQ/HLT	  parameters	  
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System	  Overview	  	  R/O	  electronics,	  DAQ	  and	  HLT	  	  
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on	  
Detectors 

Digitizers 

Front-end pipelines 

Read-out buffers 

Switching networks 

Processor farms 

40 MHz  clock driven 
synchronous 

~ 1 MHz event driven 



Sub-‐detector	  DAQ	  

•  There	  is	  a	  lot	  of	  communality	  ..	  

•  Differences	  	  
–  Type	  of	  links	  between	  on-‐	  and	  off-‐detector	  electronics	  

•  Many	  will	  use	  GBT/VL	  at	  5/10	  Gbps	  	  

–  Spliing	  of	  Trigger	  and	  DAQ	  data	  at	  	  
•  on-‐detector	  (hence	  different	  links),	  or	  
•  	  off-‐detector	  

–  Sending	  full	  data	  at	  40	  MHz	  from	  on-‐detector	  electronics	  or	  sparsified	  
–  Yes/No	  data	  reduc>on	  in	  off-‐detector	  electronics	  
–  …	  	  
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Sub-‐detector	  	  parameters	  
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Event	  Size	  at	  EVB	  level	  

•  Run1	  detector	  
–  Linear	  with	  PU	  
–  Dominated	  by	  TK	  
	  
	  
	  	  
	  
	  

•  Phase-‐II	  detector	  
–  Mostly	  new	  detector	  and	  R/O	  electronics	  and/or	  strategy	  
–  Dominated	  by	  calorimeters	  
–  Calorimeters:	  ~constant	  with	  PU	  

•  To	  be	  decided	  on	  “selec>ve	  readout”	  

–  Trackers:	  PU	  =	  140	  –	  200	  	  outer:	  0.5	  –	  0.6	  MB,	  pixel:	  0.7	  –	  1.0	  MB	  	  	  
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Trigger	  	  Control	  and	  Distribu>on	  

•  PON	  technology	  (commercial	  components):	  	  
–  Bi-‐direc>onal	  
–  Downstream	  100x	  TTC	  BW	  (could	  send	  216	  bit	  per	  BX)	  

•  Control	  readout	  and/or	  event	  building	  	  
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EVB,	  HLT	  facility	  and	  Storage	  

•  Same	  design	  as	  current	  system,	  nodes	  and	  networks	  with	  berer	  
performance	  	  
–  HLT	  on	  fully	  built	  events	  	  

•  EVB:	  e.g.	  800	  links	  with	  100	  Gbps,	  33%	  efficiency,	  80	  Tbps	  switch	  
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Areas	  of	  R&D	  

•  Areas	  
–  FPGA,	  links	  and	  serialisers	  
–  Networking	  for	  event	  building	  and	  event	  distribu>on	  
–  Processor	  nodes	  for	  DAQ	  
–  Processor	  nodes	  for	  HLT	  
–  Storage	  
–  Sovware	  
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Conclusion	  

•  DAQ/HLT	  in	  the	  context	  of	  overall	  CMS	  
–  DAQ/HLT	  is	  not	  the	  “limi>ng”	  system;	  limit	  comes	  from	  

•  Sub-‐detector	  front-‐end	  electronics	  
•  Off-‐line	  processing	  capacity	  

–  Timescales	  
•  DAQ/HLT	  equipment	  replaced	  each	  4-‐5	  years	  
•  LS3	  is	  a	  period	  for	  such	  replacement,	  new	  equipment	  will	  accommodate	  

addi>onal	  resources	  for	  Phase-‐II	  subdet	  and	  L1	  upgrades	  
•  TDR	  5	  years	  before	  installa>on	  in	  LS4:	  ~2019,	  provided	  ongoing	  R&D	  program	  
•  Required	  performance	  re-‐iterated	  and	  trade-‐off	  HLT	  /	  offline	  can	  be	  made	  

then	  
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EXTRA 



GBT	  /	  VL	  	  

	  
–  Upstream	  5	  /	  3.2	  Gbps	  	  (low	  power)	  or	  10	  /	  6.4	  	  Gbps	  signalling	  /	  effec>ve	  	  
–  Downstream	  5	  Gbps	  	  
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On-Detector 
Radiation Hard Electronics 

Off-Detector 
Commercial Off-The-Shelf (COTS) 

GBT
X 

GBTIA 

GBLD 

PD 

LD 

Custom ASICs 

Timing & Trigger 

DAQ 

Slow Control 

Timing & Trigger 

DAQ 

Slow Control 

FPGA 

GBT GBT 

Versatile Link 
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