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Overview

● Impact of Fluka irradiation studies on FCC-hh tracker (Fluka fluence maps kindly  
provided by F. Cerutti & M.I.Besana, B field map by H.T.Kate & M.Mentink)

● Tracker occupancy studies: 
– Estimation of minimum pixel sizes
– Estimation of minimum required strip sizes

● “Extrapolation” of CMS phase 2 upgrade design to FCC-hh design in tkLayout 
(with significant help by S.Mersi!):
– TkLayout verification study
– Study of material budget
– Study of tracker resolution

● Summary & Plans
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Fluka Simulations: Photons?

● Let's have a look at irradiation map per pp collision @ 100TeV and gradually add 
effects of B field & material (relatively):

 Switch on ECal

Switch on tracker
& ECal

Switch on B field
& tracker, ECal

Flux Ratio

Ratio Ratio
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Photons Irradiation - Summary

● Effects of Ecal (backscattered particles?) are clearly visible as increase in flux

● Effect of mag. field  decreases in flux due to→

curl effect

 

Ecal @1300mm

Increase in flux ratio by decreasing 
prod. cuts:
● e 1MeV  100keV→
● Gamma 100keV  10keV →

 → ~ 20% more

B = 0T

B = 6T

Ratio

Ratio

Ratio
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Fluka Simulations: Charged particles?

● The same for charged particles (irradiation map per pp collision @ 100TeV), 
gradually add effects of B field & material (relatively):

 Switch on B field

Switch on ECal
Switch on tracker

& ECal

Flux Ratio

Pixel region  strips →
safe @600mm

Ecal effect

Ratio Ratio
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Charged particles irradiation - Summary

● All combined effects with B field:

● Arte-facts or true?
● What are the energies?                                                       &          Why so shaped pattern?

 → Radius ~ 25 mm 
 → ~ 50 MeV/c part.
 → CSDA e- Si range~85mm

(http://physics.nist.gov)

 

B = 6T

● Multiplication effect due to material
● Particles kept by mag. gield
● Highest fluxes expected for low 

radii together with high Z
Clear layer structure

?
B = 6T

B map
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Fluka Simulations: Tracker Results

● Photons versus charged particles estimated fluxes:
– Production cuts for gammas=10keV, for electrons=100 keV (effect of cuts ~ tenths of %)
– These maps have been used to estimate the tracker occupancy ...
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TkLayout: Tracker Occupancy Studies

● With the FCC-hh high pile-up ~ 200-1000 environment some natural questions 
arise and need to be addressed...
– What pixel/strip size to use in order to have reasonable occupancy (i.e. ~ 1% for pixel 

tracker)? (will be addressed here)
– Where to define a border, from which it is safe to use the strip detector? (answered on 

previous slide ~ 600mm)
– How many high-granular pixel layers (or hybrid pixel-strip modules) & with what granularity 

do we need to use in order to handle the pile-up?
– What are the expected data-rates (bandwidth needed)?
– ...

 → all these questions can be approximately answered using the Fluka 
simulations in tkLayout software
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Occupancy Studies - Description

● Let's assume that we want to achieve 1% occupancy in the worst case ...
– Use charged particles irradiation map normalized to pp collision
– Scale the map to 200 pp pile-up or 1000 pp pile-up
– Scan all sensors in each layer (all rings in each disc) and find the weakest spot with the 

highest flux  notice that the spot corresponds to the highest Z in most cases→
– Calculate the pixel/strip area to have the required 1% occupancy
– Geometry used is “coverage optimized” FCC-hh baseline geometry

● Natural questions:

– What is the effect of applied cuts?
 → ~ 5-10% in the pixel region
 → no dramatic increase

– Do the gammas also contribute?
 → cut set to 10keV 
 → so they contribute mostly due e-,e+, i.e charged particles

– Is the cluster size taken into account?
 → No! Only full simulation (or data input) would answer such a question...
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Occupancy Studies – Pixel Barrel

  

● Summary: In the worst scenario (#pile-ups=1000)  40x40um→ 2 @ 1st layer 
should be sufficient, but …

 → current Fluka model is without services! Supports, electronics, ... are accounted for in a 
detector material as a mixture of Si, Cu, ...  → more detailed model needed (composition 
matters some elements might get activated …)

→ tkLayout can export the geometry&material in csv format (CMS Fluka approach) 

→ estimation on cluster size should be incorporated→not possible here (technology dependent)
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Occupancy Studies – Pixel End-cap

  

● Summary: In the worst scenario (#pile-ups=1000)  30x30um→ 2 @ 1st ring should 
be sufficient, but the same arguments apply…
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Tracker Material & Resolution

● W.Riegler showed the results for a simplified tracker layout:

 → the question was, how a realistic model (services, supports, etc.) would 
change these results, if at all?

Si 20%, C 42%, Cu 2%, 
Al 6%, Plastic 30%
X0 of this mix: 14.37cm

We assumed: 3% of 
radiation length per layer
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Simplified Tracker Layout

● Previous results with simplified layout: 
 → Comparison of analytical calculations (W.Riegler) versus TkLayout with track parameter 

calculations based on parabolic approximation (Z.Drasal)  good agreement→

Missing beam-pipe in analytical calc.

Lines – analytical cal.
Squares - tkLayout

Dots – analytical cal.
Line - tkLayout

Total (dipole+central) dpt/pt resolution [%]
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TkLayout – Verification Study (VS)

● Before going to the realistic geometry results by tkLayout, let me build a test 
geometry to verify the tracking algorithm (parabolic approx.) in tkLayout:
– wedge-shaped sensors instead of rectangular 

at low radii  low overlap  low MB→ →
– pixel detectors in radii R = 25 – 600mm 
– strip detectors in radii R = 600 - 2400mm

 strip

pixel
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TkLayout (VS) – Ideal resolution

● All detectors defined with 1um x 1um space resolution, no MS:
– p

T
 = 1GeV, 5GeV, 10GeV, 100GeV, 1TeV, 10TeV         scales by pT (OK) 

Why?
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TkLayout (VS) – Ideal resolution (pixel only)

● Let's have a look at pixel detector only (easier)...

● and use: @ 90deg:
N = 9 
L  = 0.6 m
Pt = 10 000 GeV/c
B = 6T

= 11.3%
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TkLayout (VS) – Ideal resolution (pixel only)

● And the result is 11.6% (OK), but ...

Decrease ~ 10%

Why?

Break point @ η ≃ 3.25
L ~ 0.6m, Z = 8m

  → η = 3.28 (OK)

Increase (max @ 20.5%)
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TkLayout (VS) – Ideal resolution (pixel only)

● Why increase & decrease in resolution?

η gap <1.284; 1.480>  N active layers by 2 lower→
                                → Effective level arm = 4.49 21.5% (OK)

Longest corner @ η= 3.28
 → N active layers = 20
 → Effective level arm = 0.6m

9.3% 
(~OK)
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TkLayout (VS) – Ideal resolution + MS

● For low pt, resolution dominated by MS  let's have a look at pixel detector →
& 1GeV:  

X/X
0
 = 0.26

  → 0.74 (~OK)

● if we apply log correction, i.e.:
(1 +0.038*ln(X/X

0
))  → 0.70

● Summary: tkLayout works OK
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TkLayout – Realistic Design

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

–

Pixel detectors

Pixel-Strip (PS) modules

Strip-Strip (2S) modules

Pixels

Rectangular shape inevitable

PS & 2S
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Realistic Design: Material Budget

Pixel Optical 
converters

Higher occupancy  higher chip activity  more material→ →

Supports

Tracker

Pixel

Services
accumulate
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Tracker Comparison: Realistic versus Simplified

Dots – analytical cal.
Line - tkLayout

● Summary: The simplistic approach provides reasonable estimate on MB!
● “Disclaimer”: One has to be careful when using an extrapolated geometry (without 

true engineering design – correct supports, mechanics, …), but still good hint!

Radiation length
(realistic model)
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For Reference: Pixel Parameters

Total area
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For Reference: PS&2S Parameters

Total area



December 9th 2015 - FCC-hh 25

Tracker Resolution

● Resolution plots for the realistic geometry layout: central tracker (left) versus 
full tracker (right)

 → dipole resolution calculated based on standard formula (see W.Riegler calculation 
https://indico.cern.ch/event/443015/)  

Results concatenated based on better performance

MS plays a role!

η gap between BRL & End-cap
Strip to pixel transition
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Summary

● Important message:

– One can use different levels of geometry layout details and tracking algorithm (pattern 
recognition) complexity to understand the key parameters of the tracker

– For that purpose the CMS Phase 2 design has been extrapolated to FCC-hh dimensions (with 
its limitations) & material budget and resolution have been studied  → the results are 
compatible with the simplistic design, nevertheless more details are clear/more precise 
with the detailed geometry

– Fluka flux simulations have been used to understand the detector occupancy and how the 
occupancy is influenced by magnetic field strength & material budget. These simulations are 
of crucial importance to study the pattern recognition, layout design ...  in order to →
have more realistic estimation, more layout details should be implemented within Fluka (e.g. 
using tkLayout geometry + material output)

● Plans: Have a look at pattern recognition using tkLayout & Fluka simulations
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