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• Initial LHC design luminosity was 1e34 
cm-2s-1 (23 simultaneous pp collisions) 

• But LHC quickly surpassed that and 
Run II saw up to 60 simultaneous 
collisions.  The experiments were told 
to prepare for ~80.  
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T R A C K I N G  C R I T I C A L  I N P U T

Tau jet

b-jet

q/g jet

q/g jet tau jet
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T H E  T E A M

• In addition: 

• IM: Thessoloniki ; DF: Stanford; SSB: SMU;  

• FTKSim: DESY, Heidelberg, Pisa 

• Online software: Pavia, Heidelberg 

• + others…
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+ others!
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• Each event is ~ 1.25 MB 

• 1MB ~ 500 page book 

• Human genome = 800MB 

• 40 million events per second = 50 TB/second 

• 5x library of congress’s printed collection! 

• ~100000s Trillions of collisions in Run II (205-2018)!
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WAY TOO MUCH!
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H O W  W A S  I T  D O N E ?



S TA G E  1 :  D ATA  F O R M AT T I N G

• Clustering, data 
cleaning, event 
synchronization 

• Route clusters to FTK 
eta-phi towers
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• Hits are ganged together into coarse 
resolution hits
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T R A C K  F I T T I N G

• Problem: >90% of matched 
patterns (BINGOs) are from 
random association of hits 

• Solution: check if full 
resolution hits in matched 
patterns are compatible 
with a single charged 
particle
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5  P I C O S E C O N D  T R A C K  F I T T I N G
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�i =
NcX

j=1

Sijxj + hi; i = 1, . . . , N�

hit layer 1 coordinate

hit layer 2 coordinate

hit layer 3 coordinate

Phasespace of 
possible tracks

Linear 
approximation

Controls 

RLDRRA

Controls 

RLDRRA

o

Candidate 
Track Hits

Extrapolator (EXT):  
Finds candidates in 
unused layers using 
extrapolation 
constants

8 ➙12 layer tracks



E X A M P L E  U S E S :  B - J E T S
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G O I N G  B E Y O N D
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D E T E C T O R  C H A L L E N G E S
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ATLAS-CONF-2012-042

• Large system: 9 separate components, 
~1000 PCBs, thousands of FPGAs 

ATLAS-CONF-2012-042

…
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D E T E C T O R  C H A L L E N G E S
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ATLAS-CONF-2012-042

• Large system: 9 separate components, 
~1000 PCBs, thousands of FPGAs 



F U L LY  I N S TA L L E D :  D U A L  O U T P U T  H O L A S

• First part of FTK fully installed and 
operational (2012) 

• Created copy of pixel & SCT data 
for FTK use
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F T K ’ S  S U C C E S S E S

• First project pushing for ATLAS upgrades, including first to look at high pile-up 
simulation 

• First demonstration of heterogenous computing  

• Pushed the HLT tracking to get better 

• Inspired work ongoing for the HL-LHC Upgrades 

• MOST IMPORTANTLY: Culture in which people, particularly young people, felt 
like they could innovate, have with their work, and enjoy the people they work 
with. 
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T H E  F U T U R E
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C O N C L U S I O N S

• Mel led an ambitious program 
to demonstrate track triggering 
at the LHC 

• He provided support for 
generations of young physicists  
who are now thriving 
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R E F I N E M E N T S
• Majority Logic: Only require N out of M layers have a match 

• Gains efficiency 

• Variable Resolution Patterns (Don’t Care Bits) 

• Reduces the number of patterns and fake matches

43

3 bit variable resolution: 
1 pattern with 1/16th volume

No variable resolution:  
3 patterns needed

1 bit variable resolution: 
1 pattern needed 

• Number of don’t care bits set on a layer by layer, pattern by pattern basis 
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