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Proposal title and brief abstract: Pursue Future Gaseous applications 
Gaseous trackers are considered in several detector proposals in future 
accelerators and especially in Higgs factories due to their low mass. Particle 
identification with Gaseous detectors has been used in the past but suffers from 
landau fluctuations. We propose to pursue the cluster counting technique which 
potentially provides a x2 improvement and hence better particle identification. 

Program: HEP  

Return on Investment: ~10M$ (participate in construction and operation of a 
gaseous tracker)  

Broader impact on the activities at the laboratory: Gaseous application may be 
considered in other areas eg. EIC experiments, improve He based gaseous 
microscopic simulations, developments on electronics for waveform sampling. 

Total planned funding per year in FY26 and FY27: 460k$



Future Higgs factories - FCCee

• Gaseous technologies under active development for the 
main tracker  

• Drift chambers (DCH) (He + 10% iC4H10) 
• Straw tubes (ST) 
• Time projection chambers (TPCs) (operability is still a 

subject of debate) 
• In addition to lowest-possible material budgets, they offer 

particle identification capabilities via specific energy loss 
• Performance of present generation of detectors as 

predicted ~40 years ago
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Second US FCC Workshop, 25/03/2024N. Morange (IJCLab)

Allegro detector concept
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ALLEGRO: 
A Lepton coLlider Experiment with 
Granular Read-Out

• Vertex Detector: 
- MAPS or DMAPS possibly with 

timing layer (LGAD)
- Possibly ALICE 3 like?

• Drift Chamber (±2.5m active)

• Silicon Wrapper + ToF: 
- MAPS or DMAPS possibly with 

timing layer (LGAD)

• Solenoid B=2T, sharing cryostat 
with ECAL, outside ECAL

• High Granularity ECAL:
- Noble liquid + Pb or W

• High Granularity HCAL / Iron 
Yoke:

- Scintillator + Iron
- SiPMs directly on Scintillator or
- TileCal: WS fibres, SiPMs outside

• Muon Tagger:
- Drift chambers, RPC, MicroMegas

• Transparent 
Drift Chamber  

• 4m Long 

• R = 35-200cm 

• 112 layers 

• (Outer Silicon 
wrapper for ToF)

• Transparent Drift 
Chamber or straw 
tubes 

• 5m Long  

• R = 35-200cm 

• Basically follows the 
same layout with 
IDEA concept 

• (Outer Silicon 
wrapper for ToF)

RD51 Workshop on Gaseous Detector Contributions to PID – 17 February 2021                                                       Michael Hauschild  - CERN,  page 18

“Lehraus” Plot 2021
dE/dx resolution achieved in large detectors, mainly at e+e–

colliders, at some hadron colliders and fixed target expts.

Fit by Lehraus 1983:
dE/dx res. = 5.7 * L-0.37 (%)

Fit in 2021 (25 large detectors):

dE/dx res. = 5.4 * L-0.37 (%)
5.4% typical dE/dx resolution 
for 1 m track length

no significant change to 1983

performance of present 
generation of detectors as 
predicted ~40 years ago



Purse  and exploit the potentialdNcl/dx
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• Future Higgs factories will offer unprecedented precision measurements of the Higgs boson  
• We have studied in the last 2 years through the LDRDA (Capturing Leadership at the Future 

Higgs Factory for BNL) the Higgs couplings to quarks through Hadronic decays and different 
detector assumptions 

• A low mass gaseous tracker is of significance importance to achieve the physics potential 
(based on fast simulation) 

• A.H. Walenta in 1980s at BNL showed that additional charge comes from number of 
primary clusters and not from energy per cluster 

•  (cluster counting) offers ~2x better resolution and hence better energy separation 
for PID  challenge for electronics
dNcl /dx

→

spectrum of the constituents of a strange jet12. When the specific energy loss measured along the tracks,472

using the cluster counting technique, is also used, the misidentification probability of jets induced by u473

or d quarks is reduced by about one order of magnitude, for the same s-quark tagging efficiency. In the474

kinematic range considered here, spanned by quarks produced in Z(ωω̄)H(qq̄) events at
→
s = 240GeV,475

adding time-of-flight information to the algorithm only brings a mild improvement. The right panel of476

Fig. 8 shows how the algorithm separates strange jets from all other flavours, the separation from ud477

jets being, as expected, the most challenging. For a strange-quark tagging efficiency of 80% (90%), the478

mis-tag efficiency of ud jets reaches 20% (40%).479

This tagging algorithm has been used to categorise Z(εε, jj)H(jj) events (where ε stands for e,480

µ or ω) into mutually orthogonal categories enriched in one of the different Higgs boson decays (see481

Section 1.4) and to extract the Higgs boson branching fractions to bb̄, cc̄, ss̄, and gg. With an integrated482

luminosity of 10.8 ab→1, the Higgs boson branching fraction to strange quarks would be measured with483

a 105% uncertainty. More details can be found in Ref. [20].484

The anticipated precision on the Higgs boson branching fractions to cc̄ and ss̄ for several particle485

identification capabilities has been explored and is shown in Fig. 9. Given that charged kaons from486

strange quark hadronisation feature a hard momentum spectrum, it is crucial to have an efficient K/ϑ487

separation at large momenta, as provided by the dN /dx cluster counting technique. We also observe that488

the expected precision on the measurement of the H ↑ ss̄ branching fraction, obtained by combining489

dN /dx with the time-of-flight technique, is almost identical to the asymptotic performance obtained490

with perfect PID capabilities. Conversely, if no PID is assumed, or only assuming ToF, the H ↑ ss̄491

branching fraction measurement cannot be performed, given an expected uncertainty in excess of 300%.492

The PID also plays a non-negligible role in the H ↑ cc̄ branching fraction measurement, by enabling493

the identification of secondary charged kaons produced in D meson decays, as shown in the right panel494

of Fig. 9. A comprehensive discussion on the impact of PID on flavor tagging performance can be found495

in Ref. [21].496
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Precision of H ! ss̄ vs. Particle ID assumptions
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Precision of H ! cc̄ vs. Particle ID assumptions

Fig. 9: Relative uncertainty in the H ↑ ss̄ (left) and H ↑ cc̄ (right) branching fractions, as expected for several
assumptions on particle identification performance.

Separation of K± from ω± and measurement of b → sεε̄497

The huge number of bb̄ events that will be collected, in a clean environment, during the Tera-Z run at498

the FCC-ee makes it the ideal facility to study rare decays of b-hadrons. Among those, the modes corre-499

12The number of reconstructed Ks → ω+ω→ decays from displaced tracks associated with the jets (see Section 1.3) is not
yet explicitly included in the set of variables used by the PARTICLENETIDEA algorithm; adding this variable may improve the
performance shown here.

xv

646 Page 6 of 14 Eur. Phys. J. C (2022) 82 :646

(a) (b)

Fig. 2 a Time-of-flight for K± and π± track at θ = 90 ◦ as a function of momentum in the IDEA detector drift chamber30. b Reconstructed mt.o.f.
for K±, π±, KL , protons and neutrons with momenta p = 1 GeV

(a) (b)

Fig. 3 a Number of cluster distribution of charged pions and kaons for 90 ◦ tracks in the IDEA detector drift chamber as function of momentum;
b K/π separation in number of σ as a function of the particle momentum using the dN/dx and time-of-flight methods

106 events each (or equivalently 2 × 106 jets) are used for
the training. Final state particles are reconstructed with the
Delphes PF algorithm. In particular, charged particles are
reconstructed using the latest TrackCovariance module
described in Sect. 2, and the time-of-flight and number of ion-
isation clusters per unit length (dN/dx), are reconstructed
using theTimeOfFlight andClusterCountingmod-
ules, described in Sects. 3.1 and 3.2, respectively. A charged
particle is reconstructed provided that it produces at least 6
hits within the tracking volume. Neutral particles (photons
and neutral hadrons) are reconstructed by the PF algorithm

implemented in the DualReadoutCalorimeter mod-
ule [51]. The time-of-flight (and corresponding reconstructed
mass mt.o.f.) of neutral hadrons is also included and assumes
a 100 ps resolution, as opposed to 30 ps assumed for charged
particles. The baseline simulation setup assumes the nomi-
nal IDEA detector concept [41,42]. Jets are clustered with
the FastJet- 3.3.4 [52] package using the e+e− generalized
kT algorithm [53,54] with parameter p = −1 (for infrared
safety) and R = 1.5 to maximise the energy collected in the
jet. This set of parameters leads to an optimal Higgs di-jet
invariant mass resolution.

123

 separation of IDEA DCH along 
with a TOF measurement at 2m

π, K

Importance of Particle ID through dN/dx 



This LDRD-B Proposal
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• We propose for this LDRDB to support the main PI (HFCC L3 
coordinator for gaseous trackers) + ~50% of a research associate 
(talent already in LDRDA up to Sept. 25) 

• Develop a microscopic simulation studying the interaction of 
charged particles in He-based gases (greener solutions ?), ionization, 
drift, avalanche, signal formation - relevant for any gaseous 
application (Milestone 1 - FY26) 

• Full simulation implementation in FCCee framework to validate the 
feasibility of the cluster counting technique: 

• Purse the performance by participating in Test-beams (small 
procurements) with international partners (within DRD1 at CERN) 
already established (Milestone 2 - FY26) 

• Beam availability limited next years 
• Analyze test beam data and compare to simulation (Milestone 3 - 

FY27) 
• Develop AI algorithms for the reconstruction (Milestone 4 - FY27) 

• Define the requirements of the electronics and the mode to be used in 
order to provide information sufficient for cluster counting - Input to 
instrumentation colleagues (Milestone 5 - FY27) 

• Explore potential participation in the construction of a gaseous tracker, 
study wires (small procurement), detector layout 

• Publish work in journal and in conferences
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Summary Slide
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• Future Higgs Factories will offer the potential for unprecedented precision 
measurements of the Higgs boson  

• At BNL (first in US) we have already studied through fast simulation, the Higgs 
couplings to quarks through hadronic decays - major impact of the LDRDA 

• A low mass gaseous tracker will provide excellent PID capabilities if the cluster 
counting can be applied 

• This proposal will exploit the cluster counting potential based on reliable 
microscopic simulation (similar techniques already validated through previous 
experience in ATLAS, CSC, NSW) - impact on any gaseous application 

• Maintain and buildup the gaseous detectors expertise at BNL  
• Define the electronics requirements, can be developed for all gaseous 

trackers  
• Set BNL among the leading institutes for gaseous tracking developments and 

explore the possibility to construct and operate such a system (identified as 
potential major US contribution in USHFCC tracker coordination)  

• Collaboration are under formation for different experiments, we need to be in 
those!



backup
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IDEA Detector Motivations Introduction Design PID Simulation Electronics Conclusions

The IDEA Drift Chamber

Unique volume, low-mass chamber: 4 m long, inner (outer) radius of 0.35 (2) m

High transparency due to the total amount of material:
I Radial directions, i.e. barrel calorimeter: ⇠ 1.6% X0
I Forward directions, i.e. end-cap calorimeter: ⇠ 5% X0

Operating gas mixture: He:iC4H10 (90:10)
I Average drift velocity of ⇠ 2 cm/µs, corresponding to drift time tD < 400 ns
I Number of cluster (per m.i.p.) ⇠ 12.5 cm�1

(with ⇠ 1.6 electrons/cluster)

Fully stereo chamber: 112 layers ranging from 50 to 250 mrad

Wires:
I Sense (anode): 20 µm W(Au) ! 56448 total

I Field (cathode): 40 µm Al(Ag) ! 285504 total

I Guard (cathode): 50 µm Al(Ag) ! 2016 total

To equalize gain of innermost and outermost

layers

Active volume: 56448 almost squared drift cells
(12 ÷ 14.5 mm), with a 5 : 1 field-to-sense wire
ratio for simpler time-to-distance relations

5 : 1 field-to-sense wire ratio

Overall expected resolution: �xy . 100 µm and �z . 1 mm

F. G. Gravili Progress and Developments on the IDEA Drift Chamber 4 / 17
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IDEA Drift Chamber
•Dimensions: 4 m long (active volume), 35cm to 2m radius 
•Low material budget  

•Barrel: ∼ 1.6% X0   
•Forward directions: ∼ 5% X0   

•Stereo layout  
•112 layers ranging from 50 to 250 mrad 

•Operating gas mixture: He + 10% iC4H10 

•Average drift velocity of ∼ 2 cm/µs  drift time tD < 
400 ns  

•  Number of cluster (per m.i.p.) ∼ 12.5 cm−1 avg. with ∼ 
1.6 electrons/cluster) 

•Sense (anode): 20µm W(Au) → 56448 total  
•Field (cathode): 40µm Al(Ag) → 285504 total  
•Guard (cathode): 50µm Al(Ag) → 2016 total 
•Active volume: 56448 almost squared drift cells (12 ÷ 14.5 
mm), with a 5 : 1 field-to-sense wire ratio for simpler time-
to-distance relations 

•Overall expected resolution: σxy ~ 100 µm and σz ~ 1 mm

→

Second US FCC Workshop, 25/03/2024N. Morange (IJCLab)

Vertex detector and momentum measurement

● Light vertex detector and tracker 
○ Particle energies < 100 GeV: 

lower MS contribution required 
 

● Vertex detector: MAPS-based 
○ Similar to e.g Belle 2 or ALICE ITS3 
○ Typically: 5 layers, 33 x 33 µm2 pixels 
○ Extremely light: Inner layers: 0.1% X0 / layer 
○ Outer layers: 0.5 – 1% X0 / layer 
○ IP resolution ~10 µm 

9

Transparency key for high resolution
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Reconstruction techniques, test-beam results
•Several test beams to experimentally assess and optimize the performance 
of the cluster counting/timing techniques covering big range of βγ range 

•Several algorithms under testing 
•Derivative Algorithm (DERIV) 
•Running Template Algorithm (RTA) 
•Long short-term memory (LSTM) (Recurrent Neural Network - 
RNN) for peak finding &  Dynamic Graph Convolutional neural 
networks (DGCNN) to identify electrons in the same primary cluster



14TPC proposal for ILD - CePC
• On going studies with GEM/MicroMegas prototypes (with 1.2 x 5.8 / 3 x 7 mm2 pads)

• ≃ 60/70 to ≃ 200 µm rΦ hit precision from 0 to 100 cm
• ≃ 200 to 500 µm z-precision 

• Also with pixel size 50 x 50 µm InGrid MPGD allowing cluster counting
• Initial results do not seem to indicate improvement of spatial or dE/dx resolutions

• Material budget 5% to 25% in endcaps (including the field cage outside the tracking volume) 
• Target dE/dx ≃ 5%

 Ion BackFlow to be evaluated, ALICE upgrade 4 triple GEM achieves ≃ 10% energy resolution at 1% IBF

4.5m

3.6m

Endplate
MPGD ILD-TPC

D. Attie
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TPC as a main tracker at CLD
•During the 7th FCC Physics Workshop in Annecy, the ILD/CLD 
concept studies with a TPC were presented 

•Proposal of a TPC based the developments for ILD using MPGDs 
like Triple/Double GEMs, Resistive Micromegas or GridPix (a 
must have for dNcl/dx to work) 

•5% X0 in barrel 25% X0 in endcap 
•Differences between ILC and FCC-ee operations: 

• ILC consisting of 1312 bunches (0.73 ms total) in a bunch 
train spaced every ~0.5µs and a 199 ms with no activity 

•FCC-ee up to 170 times more luminosity at Z-pole with bunch 
spacing of 20-25ns  

➡ Imposes big challenges for a TPC operation

ILC Tracking, Valencia – dE/dx and Particle ID Performance                    Michael Hauschild - CERN,  8-Nov-2006,  page 9

Particle IDParticle ID
+ Cluster Counting Efficiency+ Cluster Counting Efficiency

Separation power 
with 100% cluster 
counting efficiency 
much better than 
with classical charge 
measurement

for pions/kaons    
~8 sigma vs.    
~3 sigma at 4 GeV/c

similar performance at 
about 20% cluster 
counting efficiency

obtained with triple-GEM 
system

MicroMegas has ~90% 
efficiency for single 
electrons(!), cluster 
finding algrorithm still 
needed

https://indico.cern.ch/event/1307378/timetable/?view=standard#104-ildcld-concept-studies-wit
https://indico.cern.ch/event/1307378/timetable/?view=standard#104-ildcld-concept-studies-wit
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Straw tubes
•Recent proposal to explore the possibility of a straw tube tracker 

•Variable diameter (inner to outer)  optimise occupancy 
•Similar characteristics to drift tubes but lower material budget  

•Assuming Aluminized Mylar (15µm mylar, 0.05µm aluminum) and 25µm 

tungsten wires ~1.2% X0  
•Not including mechanical supports on the estimation 
•Challenging for long straws of 4m (construction and transmission 
wise) 

•Termination to improve signal ? Noise ? 

•Operating gas? Ar based 0.15% X0 not ideal for cluster counting 

compared to He based 0.035% X0 , signal small though due to density, 
optimization is needed! 

•Group is looking to build a small prototype with 20-50 straws and perform various 
studies

→

→

→
→

A straw tracker at the UM ATLAS muon detector 
construction lab

He basedAr based
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The  techniquedNcl/dx
•Based on A.H. Walenta research in 1980s who showed that additional charge 
comes from number of primary clusters and not from energy per cluster 

•Technique is to define ionization clusters from the signal formation 
distribution within the track footprint 

•Ordered in time electrons (average time separation within clusters) 
•Electrons per cluster (primary & secondary ionizations) 
•Number of clusters per track 

•Further improvement by adding the Cluster timing (spatial resolution, 
timestamp etc)

• G. Cataldi et al, NIM A 386 (1997) 458-469 
• P. Rehak and A.H. Walenta, IEEE Trans. Nucl. Sci. vol. 27, no. 1, 

pp. 54-58, Feb. 1980 
• F. Grancagnolo, AIDAinnova 3rd Annual meeting, 2024
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Drift tube simulation 
Garfield

σdE/dx

(dE /dx)
= 0.41·n−0.43(Ltrack[m]·P[atm])−32

σdNcl /dx

(dNcl /dx)
= (δcl·Ltrack)−1/2 = N−1/2

cl

dE /dx dNcl /dx

σ ≈ 4.3 % σ ≈ 2.0 %

trunc. mean (80%), n=112, 2m at 1atm (Walenta param.) for He+10%iC4H10 and 2m 
(Poisson distr.)IDEA DCH

Challenge for electronics - GHz bandwidth !

δcl = 12.5/cm

https://doi.org/10.1016/S0168-9002(96)01164-3
https://ieeexplore.ieee.org/document/4330801
https://ieeexplore.ieee.org/document/4330801
https://indico.cern.ch/event/1307202/contributions/5498812/

