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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     
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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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LHC – CMS outlook 
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One of the possible scenarios being discussed !
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CONSIDERING!
1 MHz R/O and !

10 MB event size!

5 year life-cycle!



DAQ2 for post-LS1 
•  Replacement cycle!

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

–  Some sub-det new back-end electronics in uTCA standard with serial link to 
cDAQ!

–  Some sub-detectors will be replaced which lead to higher data volumes!
•  Keep “external” boundaries!

–  Inputs (custom electronics) !
•  About 500 2-4 Gbps “Legacy” FEDs!
•  About 10-100  6-10 Gbps New FEDs!

–  Output to HLT farm!
•  About 500 “Legacy” nodes  1-2 Gbps!
•  About 400 new nodes 204 Gbps!
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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: 2x 2 Gbps Myrinet and 3x1GbE!
–  Consider 10 GbE, 40 GbE, IB FDR (56 Gbps)  !
–  Timescale!

•  LS1 in 2013 - 2014!
•  Design, evaluation, order, for delivery and installation Q4 2013!
•  Switchover DAQ1 to DAQ2 Apr-2014, commissioning, improvements!
•  Deployment for physics 2015-16-17!
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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 CMS DAQ / 15-01-2013! IB workshop - Jan 2013! 11!



FM CMS DAQ / 15-01-2013! IB workshop - Jan 2013! 12!



FM CMS DAQ / 15-01-2013! IB workshop - Jan 2013! 13!



FM CMS DAQ / 15-01-2013! IB workshop - Jan 2013! 14!



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!



DAQ2 

FM CMS DAQ / 15-01-2013! IB workshop - Jan 2013! 18!



FM CMS DAQ / 15-01-2013! 19!

BACKUP!
MATERIAL !
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3 types of Ethernet switches 
(Mellanox) 
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SX1024!
48 ports 10GbE FSP+!
12 ports 40GbE QFSP!

Note: Can use “break-out” cables for 40 GbE to 4x10 GbE (with some restrictions 
on total number of ports)!

SX1024!
48 ports 10 GbE FSP+!
12 ports 40 GbE QFSP!

SX1036!
36 ports 40GBE QFSP!

SX1016!
64 ports 10GbE FSP+!


