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Momentum resolution requirement for FCC-ee

Important to reconstruct the recoil mass
distribution for the Higgs mass and ZH cross
section measurements

Mfecon = (s —Ep)? — Pzzz‘ =s —2E/s+ mlzl‘
Sensitivity dominated by the Z->uu channel
Required momentum resolution expected to be

comparable to the beam energy spread (~0.16%

@ 240 GeV)
* Oo(py)/pr ~ 0.2% at 45 GeV

e 5/10 better than current CMS/ATLAS inner tracker

p; resolution @ 45 GeV

Current proposals for FCC-ee experiment inner
tracker:

* CLD: full silicon pixel+strip (TPC under
consideration)

* |IDEA/ALLEGRO: Silicon pixel + Drift Chamber +
Outer silicon wrapper

Events / 0.1 GeV

Main Higgs production process @
FCC-ee via Higgs-strahlung

P(€), €)=(-0.8, 0.3), M. =125 GeV

400 [ e
[ ' —SMall ffh

— [ : b

L300k — WW fusion

CCD [ = ; ZZ fusion

- &'s H

&) [ 4

200F [ pHe,

(%)) : e v i

s ' W alid ;

=100 v o X

= L Y I
R 4 4
e \ e J

\s (GeV)

o £ PETIPI BTSN e 1 |
200 250 300 350 400 450 500

1200
1000 f
800 f
600 f

400~

200

FCC-ee Simulation (Del |'|J_hes)
et SRR L R —

Vs =240 GeV, L =5ab"
e 5 ZH 5 uu+X

— Perfect resolution
— IDEA detector

— CLD detector

?2-0 ‘

recoi

DeFilippis Higgs 2022

Eur. Phys. J. Plus (2021) 136:1195


https://indico.cern.ch/event/1086716/contributions/5052311/attachments/2543040/4378693/DeFilippis_Higgs@FCC-ee_v2.pdf

IDEA Inner Tracker concept as an example
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A straw tracker for FCC-ee

= We propose to have an ultra-light weight straw tracker (combined with
pixel & silicon wrapper) for particle tracking at FCC-ee experiment:

* Single hit resolution: 100-150 pum. Similar or better
momentum resolution than the IDEA pixel-only
detector -- more hits (N) and longer lever arm (L)

CLD

* Low material and multiple scattering for low p+

* Complement silicon tracker for pattern recognition ‘ ‘ ‘ T | ‘ ‘
* Particle identification (n-K, K-p identifications) ‘ ‘ ‘ ‘ ‘

* Could provide hardware-level trigger primitives CLD tracking based on limited high-

spatial resolution si-layers

p-resolution due to Oor 720 0, pr

hit position resolution ~ pr ™ — V N +4 0.3BL?
Single hit resolution (o,)  3-5 um 100-150 Um
Measurements points (N) 6 100-120
Level arm (L) 0.3M 1.5m

IDEA trackina_concept: large
number of sampling along track




Straw tracker features

= Straw trackers could potentially provide robust high-performance
tracking and particle identification.

Sense wire failures limited to single straws.

Radially symmetric electric field. Good spatial
resolution, independent of particle incident angle

Different straw radii to optimize hit occupancy

Counting rate: a few kHz/cm? without significant
gain drop (d=10-15mm drift tubes. Ref.). Single
straw rate up to a few hundred kHz — matches Z-
pole operation with O(100) kHz event rate.

Relatively low wire density: <1 wire/cm?
Flexible layouts for central and endcap regions

Possibility to use different gas mixtures at the
same time with optimization for tracking and PID.
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https://www.sciencedirect.com/science/article/abs/pii/S0168900213011030

Straw tracker used in various experiments
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Straw construction technologies

Winding

Production speed: 1 m/min
Maximal length: 5.5 m
Diameters: 2,4,6,10,20 mm
Wall thickness: 15+ um

Ultrasonic welding

Production speed: 1 m/min
Maximal length: 5.5 m
Diameters: 5,10,20 mm

Wall thickness: 15, 20, 36, 50 um

Example: Mu2e Example: DQNE _
« two layers 6 um-thick Mylar, max length: 1.2 m * 19 pm-thick Mylar film, max length: 3.83 m
« 23k straws * 200k+ straws

, V4 :
09-10-2024 Liang Guan (lguan@cern.ch)


https://inspirehep.net/files/5f0c2a1630014418b676224b26c600f4
https://indico.fnal.gov/event/43949/contributions/190339/attachments/130824/159732/DUNE-NDrev-09Jul20.pdf
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Straw tracker simulation in DD4HEP

= Incorporated toy straw modules in the DD4HEP framework to study geometries.

= Nominal geometry:
* straws: 12 um thick mylar wall (0.05 um Al coating). 10um-radius Tungsten wire.
* straw modules: 10 multilayers x 10 straw (d=10-15mm) layer/per multilayer.
* No Endplate supporting structure yet.
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Material budget from simulation

= Nominal geometry X/X,: | | | :
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Understanding momentum resolution

= Asimple python simulation developed to understand the effect of hit locations and resolution
on the track momentum resolution

= 2 Tesla magnetic field

= 5 layers of pixel from 5 cm to 30 cm (0=5 pm), 112 layers of straws from 30 cm to 180
cm (0=120 um), and a silicon wrapper layer at 200 cm (6=10 um)

= Smear hit according to the resolution in the respective layer
= 2 minimization using scipy to calculate “measured” track p;

= Ongoing work with ACTS to perform track fitting including detector and multiple scattering
effects.

sigma vs pT value for pixel+straw and pixel+straw+wrapper configurations
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Particle Identification Capability

Essential for flavor physics and bring significant benefits for other areas

 Flavor physics measurements: Bo%>D* K+, B>K*vv, B> ¢vv, ...

* s-quark jet identification = K identification (H->ss, V

V.., H2Dbs, ...)

tsy

» The straw tracker could provide PID at low momentum range based on dE/dx or
dN/dx measurements, similar as the Drift Chamber (DCH).
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Induced current signal and timing properties are expected to be similar to DCH’s.

Will hear from the next talk many details and progress already made with dN/dx

FCC-ee Simulation (IDEA)
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https://indico.in2p3.fr/event/32629/contributions/142955/attachments/87387/131940/ECFA24_Paris.pdf

Straw Garfield simulation

= Ar-based gas: traditionally used for drift time-based tracking. High ionization
density (~40 clusters/cm) and moderate electron drift velocity 40 um/ns (@E~2
kV/cm). Mean cluster arrival time separation: ~6 ns

= He-based gas: lower ionization density (~15 clusters/cm) and 30 um/ns (@E~2
kV/cm). Mean cluster arrival time separation: ~20ns
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Straw Garfield simulation

= Simulation of straw drift time (convolution of earliest cluster arrival time with the
amplifier response) to understand electronics requirements :

400

100-200 ns drift time in Ar-based gas.

~50% longer drift time in He-based gas as expected.

Overall comparable with ATLAS sMDT drift time — expect similar rate behavior
and specifications for readout electronics to do tracking (alone...)
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Straw tracker R&D activities

= R&D have been initiated recently to assess drift properties and position resolution
from straws to provide baseline references for tracking performance evaluation.

= Beam test of straw prototype at CERN SPS beam line with ATLAS drift tube Front-
end (ASD+TDC, well established for drift time-based tracking, 400 kHz hit rate)

= Straws: 5/10 mm SPS H4 Beam Test Setup Straw Array 1
diameter (20/36um Straw Array 2  d=5,10mm
d=10mm XUVX planes .'J
Mylar wall) 1
- SCINTs
= Gas: Ar/CO 93/7 or 5 “
70/30 (1-3 bar) | JH : : e
= Measurements: \ y - 150 Gevic
* charge gain WSS M Tracker
« ADC/ToT mode sMDT TIGER AISC
. i ATLAS ASD+TDC
operation alﬂ;rggngeEL 12x4 tubes d=15mm :
. . i Event displa
* drift time vs. radius (r- ‘ | = LS o pryw
t function) °‘_°° premrr
* position resolution 5%

straw hits |
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Straw tracker R&D activities

= Straw r-t characterized (impact parameter measured with precision tracker) to
allow comparison with simulations and studies of intrinsic position resolution.
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= Measurements of induced current from drift tubes in Ar-based gas ongoing to
understand electronics requirements for cluster counting.
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Conclusions

A straw tracker could be a good option for FCC-ee experiments

Reasonable material budget (~1.2% X, for ~100 layers w. 12 um Mylar wall)
Could use >4 m straws to extend the tracker volume
Robust technology used in many experiments

Could achieve high-performance tracking. Particle identification to be offered similar as
Drift Chamber (DCH) (demonstration still needed).

Still challenges. Many developments essential: thin-wall straw production, precision
tracker mechanical assembly, optimal front-end electronics and gas for tracking
and cluster counting.

Synergies with DCH community on PID and endplate mechanics beneficial.

R&D program ongoing within the DRD1 Community (under Work Package 3).
Interested groups and individuals are encouraged to join the efforts!

Thank
You!
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Backup

Second coordinate measurements can be achieved with stereo angle straw arrangement

Example: GlueX experiment central tracker
Reference: https://doi.org/10.1016/j.nima.2020.163727

Black: Axial straws Resolution
Red: +6c> stereo layers V1T cos?0
Blue: -6° stereo layers Oy =Op— 0

c,=1.4 mm with 6,=100um, 6° stereo angle
09-10-2024 Liang Guan (lguan@c®



https://www.sciencedirect.com/science/article/pii/S0168900220302771?via%3Dihub

Backup

Material Budget
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Backup
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ATLAS sMDT/MDT Front-

end Mezzanine card and

Front-end electronics for
straw readout
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Backup
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