
MT: A “Lower” Scenario
B. Leverington, on behalf of the Mighty-Tracker collaboration



Introduction

• I will focus here on cost cutting scenarios for the MightyPixel and 
MightySciFi

• Ongoing R&D work on the detectors, test-beams, and simulation but I am 
unable to talk about it here today. 

MT General Meeting September 5

• I hope to get across that with money saved in each scenario, there 
is a similar cost in performance, time, labour, and/or risk. 

• Costing numbers and performance are quite preliminary
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You get what you pay for.

https://indico.cern.ch/event/1712460/


Scoping Document
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The Pixel area was the same in Middle and Low 1.0 scenarios

Low SciFi

Middle and Low 1.0 PixelBaseline and Middle SciFi

Pixel at 1.5 and 13

Some 

height 

reduction 

in SciFi 

proposed 

for Middle 

and Low

Reduced outer 

acceptance

Pixel > SciFi

Performance



Scoping Document
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Low = 81% new 

instrumentation 

costs

New C-Frames, Cryo-infrastructure, transfer 

line, cables, etc.

Middle to Low = 

cheaper, but 

heavier materials 

in the Pixel staves 

and flexes



Scoping Document
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Since then…
• No UK investment funding for the MT-Pixel in the current picture

• The 0p8e34 luminosity reduction proposal

• MT-SciFi is still well short of the 17 MCHF Low Scoping Budget
• Stronger Polish interest in the MT-SciFi, Fibre Module production in 

addition to the PACIFIC++ ASIC; 

• Re-use significant parts of the Run3/4 SciFi detector where feasible

• An air-based chiller investigated by EN-CV for Run4 (-60°C) could reach 
-110 ° C (165K) for Run 5

• MT-Pixel with 5 Layers instead of 6 
• loss of redundancy in case of module failure
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800lb Gorilla



Pixel with 5-layers
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Goal: Reduce costs and 

materials, optimize 

performance

FT1 FT2 FT3

with full 1p0e34 simulation

Scoping Document 2 PX Stations

`

3 PX Stations

(MP-only) T-track reconstruction efficiency for long tracks



Material and Momentum Resolution

15-Sep-26 Blake Leverington -- LHCb 8

= 2+1+2



0p8e34 & OCCUPANCY
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Here, SiPM = 128 channels

Run 3 data, from monitoring. Peaks around 5, 

not as flat.

Use 5/3.6= 1.4 Data/MC factor, roughly

From Scoping Document epoch, C. Langenbruch

Likely missing late particle signal spillover



15-Sep-26 Blake Leverington -- LHCb 10

A study: What is the occupancy boundary for SciFi?

White area is “good SciFi occupancy”

Here, boundary is 2 

clusters / 64 ch

0p8e34 & OCCUPANCY

Strip occupancy vs Y-boundary

Hits taken from 1p3e34 July 2026 sim by Renato
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Scaled by 0.81.3E34 as safety margin on 1.0E34

2 clusters per 64ch boundaries

(White area = SciFi OK)

Drove the Middle/Low 1.0 Pixel layout

"/home/rquaglia/work/samples/test_jobs_40k/middle-scenario-july2026_1p3e34/Bs_Jpsimm_Phi/gauss/*.sim"

NB: I have merged MCHits within |ΔX|<0.5mm (plays some roll here) because of SciFi cluster widths
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Scaled by 0.81.3E34 as safety margin on 1.0E34

2 clusters per 64ch boundaries

(White area = SciFi OK)

"/home/rquaglia/work/samples/test_jobs_40k/middle-scenario-july2026_1p3e34/Bs_Jpsimm_Phi/gauss/*.sim"

Y=300mm Y=240mm
Y=160mmY=200mm

Middle/Low 1.0 Pixel layout ~1.2 m2 ~0.8 m2

Y=100mm

NB: I have merged MCHits within |ΔX|<0.5mm (plays some roll here) because of SciFi cluster widths
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Scaled by 0.8

Y=240mm Y=200mm
Y=100mm

2.5 clusters per 64ch boundaries

(White area = SciFi OK)

Y=160mm

Should also be ok. 2.0 was 

the Safe value. Everyone 

loves more pixel.

1.3E34

What if we allow +25% more occupancy into SciFi? 

(relatively)
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Scaled by 0.8

Y=240mm Y=200mm
Y=100mm

2.5 clusters per 64ch boundaries

(White area = SciFi OK)

Y=160mm

~0.8 m2 ~0.6 m2

1.3E34

What if we allow +25% more occupancy into SciFi? 

(relatively)



15-Sep-26 Blake Leverington -- LHCb 15

From our MT General 

meeting last week

https://indico.cern.ch/event/1712460/contributions/7255006/attachments/3340923/5987561/langenbruch.pdf
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5-chip 

“modules”

Requires 

168 modules

(55% of the size for 0p8e34; 

x1.25 occupancy in SciFi)

Requires 

168+144 

modules

Staged Assembly

The “UK 

contribution”

(Low Scenario 1p0e34; 

x1.00 occupancy in SciFi)

400mm
600mm

200

200m 200

400

200mm



“Lower” cost SciFi scenarios.
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The SciFi might appear the same, but 

it needs to handle 4-5x the delivered 

luminosity in the remaining area

We are investigating three main 

Scenarios:

A) Re-using Run4 cooling (-100C)

B) Re-using frames and services

C) Re-using frames, services, and 

up to 80 Run-3 modules



A) Re-use Run 4 Chiller
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New M0-M4 “short” modules. M5 removed on 

T3, removed M4 on T1/T2.

New Cryo- Cold-boxes

New electronics + SiPMs (PDE boost) + new 

backend

New data & control fibres.

Mechanics follows proposed Upgrade 2 

geometries (508mm pitch), overlapping mats

New C-Frames and Services

Could build and test everything before LS4.

EPFL’s cold-box and 

module design.

New everything aside 

from some cables 

and cable chains.

Florian Bernard
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A) Re-use Run 4 Chiller 
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Need at least 30 degrees more cooling 

(to -90C or better -110C) for dark noise.

Foresee to run possible new chiller for 

Run 4 colder for Run 5 

• Still under investigation for Run 4

A cryo-plant is likely factors more 

expensive for LHCb with transfer lines 

down to the cavern. Need to start this in 

2027… 

• RICH1, please talk to Guido H. and 

SciFi about synnergies

Need more light detection from new 

generation SiPMs 

Shorter modules have to be built to 

remove material at the pixel.

SciFi 

budgeted 2.5 

MCHF for 

“cryo-cooling” 

chiller share

in Scoping

Document
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A) Re-use Run 4 Chiller 
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Need at least 30 degrees more cooling 

(to -90C or better -110C) for dark noise.

Foresee to run possible new chiller for 

Run 4 colder for Run 5 

• Still under investigation for Run 4

A cryo-plant is likely factors more 

expensive for LHCb with transfer lines 

down to the cavern. Need to start this in 

2027… 

• RICH1, please talk to Guido H.

Need more light detection from new 

generation SiPMs 

Shorter modules have to be built to 

remove material at the pixel.

LN2

Run5

Air?

LN2

Run5

Air?

Run3 Run3

Requires higher clustering thresholds; 

impact on timing resolution



Novec 7100 at -100C?
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Diesel fuel (~3–5 cSt)

Ethylene glycol (~16–18 cSt)



Area for study / Help needed
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Please excuse the AI sketch making…

for illustration only. No data found below -80C.

Artistic LLM illustration.

EU: PFAS bans

3M stopped production of Novec™ Engineered 

Fluids in December 2025

Entry into Force (EIF): Expected in late 2027 

or 2028 after final adoption by the European 

Commission.

General Transition Period: 18 months post-

EIF for non-derogated uses (putting the 

earliest strict bans around mid-2029 to late 

2030).

Derogation Periods: Time-limited derogations 

(often structured as 5 or 12 years plus the 

initial 18-month transition) may apply to 

specific critical industrial uses where 

substitutes are not yet ready.

Most alternatives seem to be quite 

flammable.



B) Reuse frames and services only
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New M0-M4 “short” modules. M5 removed on 

T3, removed M4 on T1/T2.

New Cryo- Cold-boxes

New electronics + SiPMs (PDE boost) + new 

backend

New data & control fibres.

Mechanics follows proposed Upgrade 2 

geometries (508mm pitch), overlapping mats

New system needs to use old service lines 

(cooling, power).

Could pre-build and test top and lower halves 

before LS4. Needs time in LS4. Re-

commissioning after reconnecting in the frame.

Compatible with 

EPFL’s cold-box and 

module design.

Needs new module 

mounting, water 

cooling blocks, SiPM 

cooling distribution. 

Florian Bernard
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C) Reusing modules, frames, and services
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96 new M0-M1 “short” modules

80 “old 5m” modules at ~75fb-1 of 235fb-1 

already built

New Cryo Cold-boxes. No cold-spots

New electronics + SiPMs (PDE boost) + new 

backend

New data & control fibres.

Mechanics follows Upgrade 1 geometries 

(530mm pitch)

New system needs to use old service lines 

(cooling, power) and C-Frames.

Need time (1-2 years) to rework the 

modules to be compatible with cryo-like-

boxes. Not compatible with LS4 alone.

Vacuum retrofit 

+ Indium gasket

New Alu shell 

D.Fehr, M.Wlochal



Do we still have timing?

• Budget still assumes electronics and backend for timing

• We haven’t seen if 0.5 photoelectron thresholds are compatible 
with our detector spillover.
• 0.5 or 1.5 p.e. thresholds for cluster timing probably ok. (sigma_t<1ns)

• Performance at -100C needs further study

• Timing will not allow for a further increased occupancy in scifi, only 
a decrease of occupancy in the backend
• Finite strip (channel) size and cluster widths

• Real hits will begin to merge too often, not separable with per-channel 
time resolution from a few (couple) photoelectrons

• Bandwidth (cluster) limits match this channel occupancy.
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SciFi Scenario Costs
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Pixel Scenario Costs

17-Sep-26 Blake Leverington -- LHCb 27

6-layer Low 1.0 

1.3m2

5-layer Low 

1.0m2

5-layer 0.6m2

5-layer 0.8m2



Scenario Costs
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Mighty Pixel Scenario Estimated Cost 

(MCHF)

Fraction

Scoping Document Low 1.0 11.0

Low 1p0e34 6-Layer (302010) 1.3m2 11 1

Low 1p034 5-Layer (302010) 1.3m2 9 0.83

Lower 0p8/1p0e34 5-Layer (2416) 0.8m2 8 0.72

Lowest 0p8 5-Layer (2010) 0.6m2 6.5 0.59

Mighty SciFi Scenario Estimated Cost 

(MCHF)

Fraction

Scoping Document Low 1.0 LN2 Cryo – 4-layer 

mats

17.4 (*16.8) 1* (*use 96 netFELIX @ est. 

12kCHF)

Scenario A + new modules with new frames+srvc ~14.0 0.83

Scenario B (all  Run 5 modules) - 6-layer mats ~11.5 0.68

Scenario B (all  Run 5 modules) - 4-layer mats ~10.5 0.62

Scenario C (reuse 80 Run 3 modules)  Middle ~10 0.58

Scenario C (reuse 56 Run 3 modules)  Low ~9 0.52



Summary

• You get what you pay for. All cost savings comes with a loss of performance. Some 
also with a schedule risk.

• The pixel tracker always performs better in the higher occupancy region around the beampipe

• The number people required to achieve some of these things might actually increase, e.g. SciFi 
refurbishment, if the work can’t be spread in time.

• Reduction of the pixel size requires the MightySciFi still performing well with higher 
occupancies and ionizing radiation

• MightyPixel: up to 30-40% savings possible at 0p8e34 lumi by reducing the area and going from 6 
to 5 layers.

• MightySciFi: up to 30-40% savings by reusing Run4 cooling and reusing C-Frames and Services. 
Anything further requires more time than LS4 allows to upgrade the modules to vacuum tightness.
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• Backup slides
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• Reduction of SciFi costs

• netFelix boards est 12k  (~0.5 MCHF)

• Some costs like tooling and QA moved to R&D and Lab costs (~1MCHF)

• Can reuse the C-Frame mechanics and Cables (~1MCHF)

• Majority of Savings depends on running a Run4 chiller at -100C

• Whatever the share of LN2 installation with transfer lines would cost (SciFi share est. 2.5 MCHF)

• And confirm the current SciFi Novec lines would support this, and transition costs (500k?)

• Can then reuse C-Frame Services (Novec transfer lines in cavern) (~ 1MCHF)

• Reduce the number of Layers of fibres per Mat from 6 to 4  (~1MCHF) in Scenario A

• LN2 would have easily allowed this. Need to check with -90C to -110C. 

• Re-use modules but can’t touch them before Run 4 data taking is stopped. (~2MCHF in 
Scenario B)

• Reduce the outer acceptance (less modules, sipm, elec, backend, etc.) (~ 1MCHF in Scenario B)
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Ionising Radiation
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200 fb-1 delivered for 0p8e34

235 fb-1 delivered for 1p0e34

Slides shared by Paula in U2PG

https://indico.cern.ch/event/1717258/contribut

ions/7230211/attachments/3329177/596320

7/u2pg_aug_19.pdf

https://indico.cern.ch/event/1717258/contributions/7230211/attachments/3329177/5963207/u2pg_aug_19.pdf


No bridge modifications?
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141

mm

181

mm
151

mm

260

mm

260

mm

260

mm

FTFTFTFTFTFT PXPXPX

Run3 C-Frames need 130mm → 110mm width + 2*10mm clearance

NB: Cryo-SciFi with cold-boxes have 150mm width, hence the pillar removal studies (not shown here)
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200 fb-1 delivered for 0p8e34 235 fb-1 delivered for 1p0e34

Linear 

scale

Log 

scale
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1p0e34 1p0e34

Link saturation

NB: MCHits

within 

dX<0.5mm 

“merged”

0p8e34

1p0e34
1p0e34

Link saturation

1.2 m2 0.6 m2
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Vacuum Insulated Coldbox
September 2026D.Fehr, M.Wlochal37

Module Feedthrough

SiPMs Feedthrough

Dry gas/ 

vacuum 

Feedthrough

Novec Feedthrough



Vacuum Insulated Coldbox
September 2026D.Fehr, M.Wlochal38

Image source: R. Aaij et al 2024 JINST 19 P05065 (modified)

(or vacuum)

Main differences between Upgrade I and vacuum retrofit:

1. Aluminium flange on Upgrade I module

2. Aluminium coldbox

3. Vacuum feedthrough for SiPMs and Module

Modifications for retrofit



Vacuum Insulated Coldbox
39September 2026D.Fehr, M.Wlochal

Same envelope as current coldbox



Cut view

Seal concept
September 2026D.Fehr, M.Wlochal40

Module 1

Module 2



Seal concept
September 2026D.Fehr, M.Wlochal41

Cut view

Vacuum seal assembled view

Indium gasket

Compression edge

Coldbox

Seal flange

Glue cavern

Fibermat endpieces

Module endpiece


