
1

Tracker Data Rate Studies for FCC-hh

Zbyněk Drásal
CERN

With M. Mannelli

FCC-hh



January 21st 2016 - FCC-hh 2

Overview

● Data rate studies: 
– FCC-hh tracker model based on CMS phase 2 upgrade design – pixel, PS, 2S modules
– Fluka irradiation map (F. Cerutti & M.I.Besana) & hit occupancy estimation 
– Data addressing scheme
– Results & conclusions
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FCC-hh Tracker Model

● Let me “extrapolate” the CMS phase 2 upgrade layout to FCC dimensions

Pixel detectors Pixel-Strip (PS) modules Strip-Strip (2S) modules
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FCC-hh Tracker Model – Inner Geometry

● Geometry parameters of the inner tracker with pixel modules

Total area [m2] = 84
Number of channels (M) = 6054
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FCC-hh Tracker Model – Outer Geometry

● Parameters of the inner tracker with PS (pixel-strip) & 2S (strip-strip) modules

Total area [m2] = 1841
Number of channels (M) = 2485
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Fluka Simulations & Hit Occupancy

● How to estimate the occupancy & hit-rates?
– Use Fluka simulated fluence of charged particles [particles/cm-2] per pp collision

– Scan detector module by module  find corresponding fluences→
– Scale these numbers to expected max pile-ups = 1000 → i.e. get fluence per bunch crossing
– Calculate hit-rates: 

● Non-triggered data  f = 40 MHz→
● Triggered data  f ~ 1 MHz (value given by hardware limits, e.g. FPGA etc.) →
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Data Bandwidth & Data Rates

● How to calculate the required bandwidth from hit rates? Two options how to 
address the data:
1) Sparsified data:                                                                                

 address each channel: nBits = log→
2
(nRows) + log

2
(nColumns)                                                 

 add data block for cluster width: assuming avg cluster-size~3  2bits                                 → →
 add data block for pulse-height: 0bits (binary read-out), 4-8bits (analog read-out) →

2) Unsparsified data:                                                                                                                  
 address tho whole matrix: nBits = 1bit/channel x nRows x nColumns (x 4-8bits for analog) →

 

Inner barrel: 1st layer (binary read-out)                      

 

Hit rate/collision/module * nPileUps=1000

Sparsified data: 17bits (address) + 2bits (clsWidth)
Module bandwidth  sparsified data, binary read-out→
Module bandwidth  unsparsified data, binary r-o→

Data rate per module for untriggered data (40MHz)
Data rate per module for triggered data (1MHz)
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Results: Inner Barrel (Binary read-out)

Total data flow from inner barrel

Comment: To get a 4b analog data output, use conversion factor  f=((19+4)/19)→
9.5 (1.1) Gb/s/cm2 0.05 (0.03) Gb/s/cm2

Pixel detector
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Results: Inner End-cap (Binary read-out)

Total data flow from inner end-cap

Comment: To get a 4b analog data output, use conversion factor  f=((19+4)/19)→
3.6 (2.5) Gb/s/cm2 0.07 (0.06) Gb/s/cm2

Pixel detector
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Results: Outer Barrel (Binary read-out)

Total data flow from outer barrel

Comment: To get a 4b analog data output, use conversion factor  f→
1
=(34/30) for the first 4 layers 

& f
2
=(30/26) for the second 4 layers 

Pixel-strip or strip-strip detector
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Results: Outer End-cap (Binary read-out)

Total data flow from outer end-cap

Comment: To get a 4b analog data output, use conversion factor  f→
1
=(34/30) for the first 17 rings 

& f
2
=(30/26) for the second 12 rings 

Pixel-strip or strip-strip detector
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Summary

● Summary & comments:

– Data rates estimated for a CMS phase 2 upgrade design extrapolated to FCC-hh 
dimensions 

 → not an optimized design
 → results need to be taken at the order of magnitude, but still good approximation!

– The triggered (1MHz) first 2 layers in the inner barrel region and the first 2 “ring-
layers” in the inner end-cap with data flows >> 10Gb/s per module

 → 1st (2nd) layer in inner barrel: 9.5 (1.1) Gb/s/cm2

 → 1st (2nd) ring-layer in inner end-cap: 3.6 (2.5) Gb/s/cm2

 → out of scale for the current technology  need for trigger & special technology!→

– For comparison the triggered (1MHz) outermost layers in the inner detector:
 → 8th (9th) layer in inner barrel: 0.05 (0.03) Gb/s/cm2 
 → 10th (11th) ring-layer in inner end-cap: 0.07 (0.06) Gb/s/cm2

 → compatible with the current technology ~ 10Gb/s, when triggered

– Outer tracker from R~140cm compatible with the current technology even untriggered!  
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Summary Cont.

● Comment: 
– CMS phase2 upgr. experience: optical link converters for pixel tracker need to be 

positioned out of radiation hard region (i.e. on the pixel support envelope ~ R=200mm)  all →
data need to be transmitted through twisted-pair cables (with limited bandwidth) to 
converters 
 → for FCC-hh design that would mean significant increase in material budget! 
 → need for optical link technology, which can deal with significant increase in bandwidth 

& increased tolerance to radiation 
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