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Outline 
 Group’s Composition 

 The Hadronic Tile Calorimeter (TileCal) 
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 Interdisciplinary collaboration with UW
 Engineering 
 Important role of Physics Graduate Students 

 Missing ET (MET) reconstruction for ATLAS 
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Group’s Composition 

 Faculty 
 Yibin Pan 
 Bruce Mellado 

 Poctdocs 
 Yingchun Zhu 
 Xin Chen 

 Graduate Students 
 Amanda Kruse 
 Dalong Geng 

  Undergrad Students 
  Jusuk Han (left), Joshua Sanchez (URM

 fellow) Not funded by DoE  3	
  



Collaboration with UW Engineering 
(Hardware) Not Funded by DoE 

 Kewal Saluja (Faculty) 
  Electrical and computing

 engineering  
  Fault-tolerant computing 
  Error recovery in data

 transmission 

 Manuela Romero
 (Assistant Dean, PhD) 

 Students 
  Soumya Nair, Ahmed

 Fikri, Abdullah Al
 Hajri (Dean's Honor List),
 Sheikh Haque, Raja
 Ram Yavdav  
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The ATLAS Detector 
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TileCal barrel TileCal extended barrel 

LAr forward cal. (FCAL) 

LAr hadronic  
endcap (HEC) 

LAr EM endcap (EMEC) 

LAr EM barrel 
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Event Display run: 160958, event 23181152:  
The highest mass central dijet event we have so far: two central high pT jets 
and dijet mass ~1.9 TeV. Most of energy deposited in the TileCal 



Contribution to the TileCal 

 On June 24th the TileCal collaboration voted
 unanimously in favor of our entrance 
  http://indico.cern.ch/conferenceDisplay.py?confId=98886 

 Started to contribute to M&O in 2008 
 Collaboration mainly with two institutions:

 Argonne NL and IFIC (Spain) 
 Maintenance and Operations 

 Interface with the Trigger and DAQ (D.G.,Eng.) 
 Timing reconstruction (X.C., B.M.) 
 Maintenance of Optimal Filtering (Y.Z., Y.P.) 
 Contribution to the upgrade (all) 

  Replacement of Low Voltage PS (with ANL) 
  Read-out electronics (with IFIC) 

8	
  



Read-Out: Present system 

  Tile Module: 45 / 36 Channels. Pipeline & Derandomizer at FE.  
  Analog Read-out for L1Calo : 40 MHz 
  Read-Out Driver: 8 optical inputs @ 640 Mbps 
  One TileCal Barrel – 64 Modules – 8 RODs ; Total bandwidth : 40,96 Gbps 
  Data processing: 2 modules / DSP. 
  Data compression in ROD: 

  Output data  bandwidth half of the input  raw data replaced by 
reco data (E, T ,QF) 

8 x 640 Mbps Back-end 2 x 1,28 Gbps 

L1Calo	
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Validation with data of on-line reconstruction of Energy and Time in 
TileCal (Y.Z., B.M. + IFIC). Continue to do it with increasing luminosity 
Eventually the sampling information will not be saved and the off-line rec. will 
rely on on-line with some corrections 

Performance of the ROD/DSP Optimal 
Filtering (on-line) Non Iterative 
reconstruction with collision data, before and 
after phase correction. Differences between 
on-line and off-line within 1% 

The difference between the amplitude 
reconstructed between on-line and off-
line, for well synchronized pulses, is 
less now than 0.3%. 



 Gb transceivers for data reception (10 Tbps). 
 FPGA processing 
 PCI read-out 

Upgrade of Read out:  
Data processing with FPGA.  

PCI	
  

FULL	
  DUPLEX	
  
VME	
  Interface	
  INJECTION	
  

READ-­‐OUT	
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Plan to contribute to the debugging and commissioning of 
the upgraded read out in collaboration with IFIC 

Possible mini-upgrade by 2012 would be to increase the output bandwidth of 
back-end by increasing number of links, compressing digits, etc… 



Collaboration with UW Engineering 
 We have a collaboration with the Engineering

 department in UW 
 The High-tech environment of the LHC

 attracts the attention of engineering
 students 
 Training in the boundary between electronics

 and computing in the TileCal 
  With support of Argonne NL and IFIC  

 Developing in-campus interdisciplinary
 collaboration. This is very much liked by UW. 
 In contact with Graduate School and the

 Wisconsin Alumni Association 
 Physics Graduate Students play a central

 role, linking faculty and engineering students 12	
  



 One of the contributions from the engineering
 students. Debugged and improved gui used
 by TileCal shifters in the ATLAS control room
 and for satellite shifts! 
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 The reconstruction of the Missing Transverse
 Momentum is crucial for the physics program
 of ATLAS. So is understanding of the TileCal
 performance 

Jets 

Electrons 
Muons 

Low PT  
particles 

High PT Particle 
escaping detection High PT particles 

are stopped in 
the TileCal 
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Before data-taking started our group contributed to the understanding 
of potential non pp collision sources of fake MET,  like calorimeter 
noise, cosmic muons. Use shower shapes and timing. Developed 
likelihood-based discriminator against these backgrounds: 
https://twiki.cern.ch/twiki/bin/view/Atlas/Approved2009CosmicPlotsJetEtMiss 

Y.Zhu, B.Mellado 

This includes exhaustive 
understanding of calorimeter noise 



Fake MET in ATLAS  
 We have contributed strongly to define the

 cleaning criteria used ATLAS-wide to clean the
 event from fake MET 
 Plan to continue to do so as TileCal experts 
 Need to reduce fake MET by a factor of 10 or more 
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Fake MET in ATLAS 
 B.M. is a convenor of the session “Jet and

 MET cleaning for 2010/2011 data analysis” as
 the representative of the TileCal 
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Continue working for the next three years 
in the areas marked on the right (Y.Z., 
X.C., Y.P., B.M.) as TileCal contacts 

http://atlas.pi.infn.it/hcworkshop 
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Leadership at ATLAS 



Summary of ATLAS documents 
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Summary of ATLAS documents 
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ATLAS Notes with Data 
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ATLAS Notes with Data 
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Additional Slides 



Back-end requirements  
for Upgrade 

  Front-end links  
  5 SNAP12 connectors = 60 Transceivers (current GBT speed)  
  Fcal links for tower computation 

  MEMORY 
  Pipeline memory: (36 + 48 + 48 + 36) * 24 * 256 ( 6,4us / 25 ns) = 1033Kb 
  Derandomizer: 168(ch) x 16(samples) x 24 (bits) x 20 (events) = 1290Kb 

  PROCESSING 
  Embedded processor for control, monitoring, weights handling, interruptions. 
  ROD Processing : E , T , QF in parallel : 168 Ch  168 DSP blocks 

  L1CALO PP 
  ROD_Input - PP links /per slice = 43,120 Gbps  ( 77 cells @ 560

(14bitsx40Mbps)) 
  PrePro: Energy and Phase computation at BC rate :: 168ch x 5 smp x 2 ( E & 

T) = 1680 DSP blocks  
  Output links to L1Calo after Preprocessing 

  DAQ out 
  168 (ch / FPGA) x 16 Samples  x 12 bits x 100KHz = 3,225 Gbps  

 54 links 

Back-­‐end	
  for	
  a	
  Slice	
  

161,28 Gbps 

L1 Calo 

3,225 Gbps  

DAQ 

FCal	
  

 6 links 
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TTC Partitions :: Crates 

 Complete TileCal Read-Out: 32 RODs (8 x 4 crates) 
 Divided in four TTC partitions corresponding with 

four barrels /crates. 
 ROD processing:  

  EB : 288 Ch / ROD      Unbalanced use of RODs 
  LB : 384 Ch / ROD 

ROD& TTC  Partitions : 8 ROD x 4 Crates 
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Tentative Upgrade of read-out 

  TileCal Slice: Allows complete towers 
computation  168 Ch. 

  12-bits Samples ( HG + LG) @ 40 Msps 
  Slice: 40 x 24bits x (72 + 96)ch = 161,28 

Gbps 

  TileCal : 64 x 161,28 Gbps ~10 Tbps 

  Link structure depends on links speed. 
  GBT :  

  Current 130nm technology : 5 Gbps (Data-DCS-TTC)  
  Max: 3,2 Gbps for data 
  Speed improvement for 90 nm to be decided. 

  5 SNAP12 connectors (12 links each) to read-out one 
TileCal Slice 

  Front-End : Rad-hard needed : GBT 
  Back-end implementation in FPGA SER/DES ports. 
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