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CMS design parameters and DAQ requirements!

Detector !Channels !Control !Ev. Data!
Pixel !60000000 !1 GB ! !  50 (kB)!
Tracker !10000000 !1 GB ! !650!
Preshower !145000 !10 MB ! !  50!
ECAL !85000 !10 MB ! !100!
HCAL !14000 !100 kB ! !  50!
Muon DT !200000 !10 MB ! !  10!
Muon RPC !200000 !10 MB ! !   5!
Muon CSC !400000 !10 MB ! !  90!
Trigger ! !1 GB ! !  16!
!
!
!
Average  Event size ! !1 Mbyte!
Max LV1 Trigger ! !100 kHz!
Online rejection ! !99.999%!
System dead time ! !~ %!

Detectors!
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Collisions rate 40 MHz!

Rate on tape 100 Hz!

First Level 100 kHz!

CMS:!
Trigger Levels !2!
First Level rate !100 !kHz!
Readout bandwidth !100 !GB/s!
Storage bandwidth !100 !MB/s!

Two Trigger levels!

High Level 
Trigger (HLT)!

~ s!

LV-1!
3 µs!

First Level: Clock driven!
Synchronous Triggers!

Higher Levels: Event Driven!
Asynchronous Triggers!
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CMS DAQ1 (2008-2012)  
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12.5 kHz! 12.5 kHz!

100 kHz!

12.5 kHz!…!

 Read-out of detector front-end drivers  

        Event  Building (in two stages) 

      High Level Trigger on full events 
           Storage of accepted events     

CMS upgrade, DAQ@LHC  workshop, 12-14 Mar 2013!



Front-end model – lossless DAQ 

TTC. Trigger, Timing and Control 
 

TTS. Trigger, Throttle System 

data flow 
control loop  

Front-end readout  
ready/busy/error 

Accept/Reject 

Readout 

LV1 prompt 
data 
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Uniform interface - Readout 

hh!

FED!
(Sub-det !
specific)!

FRL!

Slink64!
- FIFO like interface !
- Backpressure!
Link!
- Parallel LVDS 64bit@50MHz 
(400 MB/s)!
-  Cable up to 10 m!
Front-end Readout Link Card!
- Custom 6U compact-PCI card!
- Receives 1 or 2 SLink64!
- Myrinet NIC on internal PCI-X bus!
- Also data injector mode!
-   !
!~ 500 FRL modules, housed in ~50 c-PCI crates!
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Uniform Interface – TTS  

TTS. Trigger, Throttle System 

Front-end readout  
ready/busy/error 

4 outputs 
20 inputs 

bi-color LEDs 

Fast Merging !
Modules!

Front-end readout  
ready/busy/error 

TTS. Trigger, Throttle System 

~ 50 FRL modules, housed in ~10 c-PCI crates!



Full-EVB and emulator mode 

•  Commissioning and testing EVB 
•  TRG emulator and test mode in FRL to generate event 

fragments at input of EVB (without sub-det DAQ) 
•  Includes own Trigger Throttling for backpressure 
•  Measure throughput and rate at all input and output nodes 
•  Measured ~100 kHz for 2 kByte event fragments,               

500 inputs: 100 Gbyte/s EVB  



Event Size vs Pileup (50ns) 

•  Due to acceptance:   number of reconstructed vertices = ~0.7 PileUp!
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DAQ @ LHC: Introduction
!Upgrade time line and terminology
... 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ... 2030

Phase 0Phase 0Phase 0 LS1LS1 LS2 Phase IPhase IPhase I LS3LS3
Phase IIPhase II

Run 1Run 1Run 1 LS1LS1 Run 2Run 2Run 2 LS2 Run 3Run 3Run 3 LS3LS3 Run 4Run 4
(Prepare Run 2)(Prepare Run 2)(Prepare Run 2)(Prepare Run 2)(Prepare Run 2) (Prepare Phase I)(Prepare Phase I)(Prepare Phase I)(Prepare Phase I) (Prepare Phase II)(Prepare Phase II)(Prepare Phase II)(Prepare Phase II)(Prepare Phase II)

ConsolidationConsolidationConsolidationConsolidationConsolidation Ultimate luminosityUltimate luminosityUltimate luminosityUltimate luminosity HL-LHCHL-LHCHL-LHCHL-LHCHL-LHC
√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV

25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing
Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1 Linst 2-3 x1034 cm-2s-1Linst 2-3 x1034 cm-2s-1Linst 2-3 x1034 cm-2s-1Linst 2-3 x1034 cm-2s-1 Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1
μ ~ 27μ ~ 27μ ~ 27μ ~ 27μ ~ 27 μ ~ 55–81μ ~ 55–81μ ~ 55–81μ ~ 55–81 μ ~ 140  [with levelling]μ ~ 140  [with levelling]μ ~ 140  [with levelling]μ ~ 140  [with levelling]μ ~ 140  [with levelling]
∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1 ∫ Linst  > 350 fb-1∫ Linst  > 350 fb-1∫ Linst  > 350 fb-1∫ Linst  > 350 fb-1 Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1

μ ~ 192 [without levelling]μ ~ 192 [without levelling]μ ~ 192 [without levelling]μ ~ 192 [without levelling]μ ~ 192 [without levelling]
∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1

Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1 Linst 1-2 x1033 cm-2s-1Linst 1-2 x1033 cm-2s-1Linst 1-2 x1033 cm-2s-1Linst 1-2 x1033 cm-2s-1
μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling] μ ~ 4–6 [with levelling]μ ~ 4–6 [with levelling]μ ~ 4–6 [with levelling]μ ~ 4–6 [with levelling]
∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1 ∫ Linst  ~ 50 fb-1∫ Linst  ~ 50 fb-1∫ Linst  ~ 50 fb-1∫ Linst  ~ 50 fb-1
Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1
[with levelling][with levelling][with levelling][with levelling][with levelling]
∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1 ∫ Linst  > 10 nb-1∫ Linst  > 10 nb-1∫ Linst  > 10 nb-1∫ Linst  > 10 nb-1
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CMS Upgrade program 
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Scope described in  Technical Proposal for the Upgrade of the CMS detector through 2020  
http://cdsweb.cern.ch/record/1355706   LHCC-2011-006 

Three stages!

Phase 1 Upgrades: !
•  Pixel detector replacement (YETS16-17)!
•  HCAL electronics upgrade!
•  L1-Trigger upgrade!

LS1 !                                             LS2                                               LS3            !!

Phase 2 Projects: scope to 
be defined in Technical 
Proposal (2014)!
•  Tracker Replacement !
•  Track Trigger!
•  Forward Calorimetry and Muons?!
•  Further Trigger upgrade?!

LS1 Projects: in production!
•  Completion of muon coverage (ME4)!
•  Improve muon operation (ME1), DT 

electronics!
•  Replace HCAL photo-detectors in HF (new 

PMTs) and HO (HPDàSiPM)!

LS1.5 (YETS16-17)!



Online equipment replacement 
DAQ @ LHC: Introduction

!Upgrade time line and terminology
... 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 ... 2030

Phase 0Phase 0Phase 0 LS1LS1 LS2 Phase IPhase IPhase I LS3LS3
Phase IIPhase II

Run 1Run 1Run 1 LS1LS1 Run 2Run 2Run 2 LS2 Run 3Run 3Run 3 LS3LS3 Run 4Run 4
(Prepare Run 2)(Prepare Run 2)(Prepare Run 2)(Prepare Run 2)(Prepare Run 2) (Prepare Phase I)(Prepare Phase I)(Prepare Phase I)(Prepare Phase I) (Prepare Phase II)(Prepare Phase II)(Prepare Phase II)(Prepare Phase II)(Prepare Phase II)

ConsolidationConsolidationConsolidationConsolidationConsolidation Ultimate luminosityUltimate luminosityUltimate luminosityUltimate luminosity HL-LHCHL-LHCHL-LHCHL-LHCHL-LHC
√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV√ s = 13~14 TeV

25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing25 ns bunch spacing
Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1Linst 1 x1034 cm-2s-1 Linst 2-3 x1034 cm-2s-1Linst 2-3 x1034 cm-2s-1Linst 2-3 x1034 cm-2s-1Linst 2-3 x1034 cm-2s-1 Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1Linst 5 x1034 cm-2s-1
μ ~ 27μ ~ 27μ ~ 27μ ~ 27μ ~ 27 μ ~ 55–81μ ~ 55–81μ ~ 55–81μ ~ 55–81 μ ~ 140  [with levelling]μ ~ 140  [with levelling]μ ~ 140  [with levelling]μ ~ 140  [with levelling]μ ~ 140  [with levelling]
∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1∫Linst  ~ 50 fb-1 ∫ Linst  > 350 fb-1∫ Linst  > 350 fb-1∫ Linst  > 350 fb-1∫ Linst  > 350 fb-1 Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1Linst 6-7 x1034 cm-2s-1

μ ~ 192 [without levelling]μ ~ 192 [without levelling]μ ~ 192 [without levelling]μ ~ 192 [without levelling]μ ~ 192 [without levelling]
∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1∫Linst  ~ 3000 fb-1

Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1Linst 4-6 x1032 cm-2s-1 Linst 1-2 x1033 cm-2s-1Linst 1-2 x1033 cm-2s-1Linst 1-2 x1033 cm-2s-1Linst 1-2 x1033 cm-2s-1
μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling]μ ~ 1.8 [with levelling] μ ~ 4–6 [with levelling]μ ~ 4–6 [with levelling]μ ~ 4–6 [with levelling]μ ~ 4–6 [with levelling]
∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1∫ Linst  > 10 fb-1 ∫ Linst  ~ 50 fb-1∫ Linst  ~ 50 fb-1∫ Linst  ~ 50 fb-1∫ Linst  ~ 50 fb-1
Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1Linst 1-2 x1027 cm-2s-1
[with levelling][with levelling][with levelling][with levelling][with levelling]
∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1∫ Linst  > 1 nb-1 ∫ Linst  > 10 nb-1∫ Linst  > 10 nb-1∫ Linst  > 10 nb-1∫ Linst  > 10 nb-1
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5 year life-cycle!
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~Phase-I!
Post – LS1!

Run 2!
!



DAQ2 for post-LS1 
•  Equipment replacement cycle!

–  PC and network replaced typically each 5 years!
•  New requirements!

–  Increased data sizes due to higher pile-up!
–  Some sub-detectors will be replaced which lead to higher data volumes!

•  Eg HCAL sensors, new Pixel!
–  Some sub-det new back-end electronics in uTCA standard with serial link to 

cDAQ!
–  Data aggregation of links with a range of 1–10 Gbps throughput !

•  Keep “external” boundaries!
–  Inputs (custom electronics) !

•  About 500 2-4 Gbps “Legacy” FEDs!
•  About 20-100  6-10 Gbps New FEDs!

–  Output to HLT farm!
•  About 500 “Legacy” nodes  with ~1-2 Gbps input!
•  About 400 new nodes ~4 Gbps input!

•  Need also to operate for Heavy-Ion conditions !
!
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DAQ2 for post-LS1 
•  TCDS (Trigger Control and Distribution System)!

–  Need for more TTC partitions!
–  Rationalisation of!

•  TCS (Trigger Control System)!
•  TTC !
•  TTS (Trigger Control System)!

•   Re-visit implementation of lumi-section!
–  Example of a feature which was introduced as an afterthought after TDR!

!
•  File based HLT!

–  Take advantage of advances of storage technology (in speed)!
–  Write full EVB output of 100 kHz to storage (for ~1 m)!

•  Absorb the HLT initialisation time!
–  Full decoupling of two frameworks (XDAQ and CMSSW)!
!

•  Possibility to use HLT farm as a cloud resource for “offline processing” !
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uTCA based off-detector electronics 

•  Development by BU (Boston University) for HCAL!
•  This structure is also considered for some of the Trigger sub-systems !
•  AMC13 might evolve in to CMS “common platform” !

•  AMC13 sends data to central DAQ over multi-gbps serial link (6 Gbps in prototype)!
•  (P2P) Protocol for data link to central DAQ has been developed !

FM – TIPP2011! 16!



L1 trigger upgrade (I) 

Extraordinary TriDAS IB Meeting, 31st January 2013.

!"#$"%#&'()*+,$%-#.#$(.$%//#$

!Two architectures proposed

"Keep new trigger flexible in order to adapt to the needs of the evolving 
CMS physics program

"TMT architecture chosen as baseline
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Extraordinary TriDAS IB Meeting, 31st January 2013.

0#12%$#-#3.4

!Identified the following areas for upgrade:

" Improved electromagnetic object isolation using calorimeter energy 
distributions with pile-up subtraction;

" Improved jet finding with pile-up subtraction;
" Improved hadronic tau identification with a much narrower cone;
" Improved muon pT resolution in difficult regions;
" Isolation of muons using calorimeter energy distributions with pile-up sub- 

traction;
" Improved global Level-1 trigger menu with a greater number of triggers 

and with more sophisticated relations involving the input objects.

6

Extraordinary TriDAS IB Meeting, 31st January 2013.

!"#$"%#&'()*+,$%-#.#$(.$%//#$

"Necessary to install oSLB/oRM during LS1 (complex operation)
"Necessary to install passive optical splitters for HCAL (LS1 and YETS)
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L1 trigger upgrade (II) 
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Trigger Control & Distribution System 

•  Operational mid 2014!
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DAQ2 for post-LS1 

•  DAQ2!
–  re-implementation with up-to-date technology!
–  Typically 10x less nodes with 10x more performance!

•  DAQ1: 2 x 2Gbps Myrinet and 3 x 1GbE!
–  Consider 10 GbE, 40 GbE, IB FDR (56 Gbps)  !
–  Timescale!

•  Design, evaluation, order, for delivery and installation 
Q4 2013!

•  Switchover DAQ1 to DAQ2 Apr-2014, 
commissioning, improvements!

FM 13-3-2013! 20!CMS upgrade, DAQ@LHC  workshop, 12-14 Mar 2013!



DAQ2 for post-LS1 
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~Phase-I!
Post – LS2!

Run 3!
!



DAQ for post-LS2 
•  Adiabatic changes for CMS !

–  Increased data sizes due to higher pile-up!
–  Some sub-detectors will be replaced which lead to higher data volumes!

•  Eg HCAL sensors!
–  More sub-det new back-end electronics in uTCA standard with serial link to 

cDAQ!
!

•  Equipment replacement cycle!
–  PC and network replaced typically each 5 years!

•  Two scenarios!
–  “box to box” replacement !
–  Re-implement with up-to-date technology (like DAQ2) !
!

!
!
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Phase-II!
Post – LS3!

Run 4!
!



CMS Phase-II 

•  HL-LHC!
–  IL of 5 x 10**34, pileup 100-200!

•  Detector!
–  New Tracker !
–  Forward Calo?, Muons?!

•  DAQ and trigger!
–  Track trigger!
–  All sub-detectors will have new off-detector electronics!
–  Entirely new central-DAQ system!

FM 13-3-2013! CMS upgrade, DAQ@LHC  workshop, 12-14 Mar 2013! 25!
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Phase-II Tracker 

pT  
2x Strip sensors 

 

No z information 

Suitable for outer part 

 

 

 

 

 

Power 
CBCs: 1.2 W 
Concentrators: 0.36 W 
Low-power GBT: 0.5 W 
GBLD + GBTIA: 0.2+0.1 = 0.3W 
Power converter: 0.4 W 

Total 2.8 W 

 2 overall sensor size 

Wirebonds from the sensors to the hybrid on the two sides 
2048 channels on each hybrid 

Chips bump-bonded onto the hybrid 
 

12/14/2012 D. Abbaneo 3 

First version of FE ASIC 
available and functional 

Second version submitted 

The hybrid is the key element 
for the module integration! 

Market survey out 

z 

y 
x 

FM 13-3-2013! CMS upgrade, DAQ@LHC  workshop, 12-14 Mar 2013! 28!



Phase-II Tracker 

pT  
Sensors: 

Top sensor: strips 
 2!25 mm, 100  pitch 

Bottom sensor: long pixels 
100  ! 1500  

2 overall sensor size 
 

Readout: 
Top: wirebonds  
Bottom: pixel chips wirebonded to hybrid 
Correlation logic in the pixel chips 

No interposer, sensors spacing tunable 
Power estimates 

Pixels  + Strips + Logic ~ 2.62 + 0.51 + 0.38 W = 3.51 W 
Low-power GBT + GBLD + GBTIA ~ 0.5 + 0.2 + 0.1 = 0.8 W 
Power converter ~0.75 W 

Total ~ 5.1 W, pixel chip is the driver 
 

D. Abbaneo 4 

Pixel chip in the design phase. 
First analogue blocks (in 65 
nm) to be submitted in 2013. 

12/14/2012 
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Phase-II Tracker 

Latency and trigger rate 
Latency 

Long pixel chip design already compliant  
1024 cell pipeline, 25.6  

CBC requires one design iteration 
L1 accept rate 

Requires data reduction in the readout path for the CBC 
Could be implemented in the CBC or in the concentrator 

Advantages and disadvantages under discussion 
Not a big margin left for 1 MHz frequency 

Probably OK? 

Bottom line:  
New specs can be implemented, with significant effort 
We need to decide now 

12/14/2012 D. Abbaneo 5 
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HLT with “normal” PCs  
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Server PCs in CERN/IT data center   

FM 29-06-2012! Trigger Strategy - DAQ! 17!

Dual CPU servers, cost normalised to 2GB memory/core!
Forecast 20% improvement per year!
Gives 0.8^10=0.10 in 10 years, so gain factor ~10!
!
!



DAQ  

•  Post-LS3 assumptions!
–  Replaced BE electronics!
–  2 level trigger-daq (as now), full events at HLT (as now)!
–  Assume 10 MB events size (1 MB now)!

•  For 1 MHz L1A, 10 MB event size!
–  Assume 100 Gbps DAQ link (between BE and cDAQ)!
–  Canonical system !

•  1000 FEDs with 100 Gbps DAQ link!
•  Switch throughput 100 Tbps!

•  40 MHz L1 appears impossible!
–  Due to on-detector electronics!
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OTHER!



HLT farm 
•  So far, using dual-CPU (x86) server PCs!
•  Strategy to deploy “offline” framework and processors (CMSSW)!
•  Work of fully-built events !
•  Actually, after LS1 !

–  intend to run in offline mode (file to file)!
–  rely on efficient multi-thread version!
!

•  No specific HLT work done on other platforms!
–  GPU!
–  Large number of cores a la, Xeon-Phi!

!
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BACKUP!
MATERIAL !
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DAQ2 
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FEROL 

•  FEROL!
–  Input: custom protocol!
–  Output: 10 GbE serial, reduced TCP/IP sender in FPGA!

•  Receiver with NIC in PC with standard driver and TCP/IP stack !

FM 13-3-2013! CMS upgrade, DAQ@LHC  workshop, 12-14 Mar 2013! 37!



FEROL aggregation 

•  Aggregation n-to-1, example !
–  16 FEROLs each sending 2 Gbps over 10 GbE link!
–  Concentrated in one 40 GbE NIC into PC !
–  Reliability and Congestion handled by TCP/IP!

•  USC – SCX 180m, !
–  with OM3 fibres up to 200 m!
–  40 GbE (with 4 lanes 10 Gbps) max. is 150 m – NOT feasible!

•  Network useful to re-configure when fault with optic, PC, etc !
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IB EVB 

•  Performance Scaling with multi-layer switch network?!
–  3 layer Clos!

•  Implement with “Director” switch or 36-port units?!
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HLT subfarm 

•  HLT divided in 48 sub-farms, each with 1 BU and typically 24 HLT nodes!
•  BU writes to filesystem on ramdisk (~256 GB) with 2-4 GB/s!
•  HLT nodes (~24) in sub-farm cross mount filesystem!
•  HLT sub-farm output (1 in 100 events) collected on BU onto normal disk!
•  HLT output collected from all sub-farms to NAS !
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40 GbE!


