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FCC longterm program

B
2020 ES for HEP:

MN electron-positron Higgs factory is the highest priority next collider. For the longer term,
the European particle physics community has the ambition to operate a proton-proton collider at
the highest achievable energy.o

A E ur aqoether with its international partners, should investigate the technical and financial
feasibility of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV and
with an electron-positron Higgs and electroweak factory as a possible first stage. Such a feasibility
study of the colliders and related infrastructure should be established as a global endeavour and
be completed on the timescale of the next Strategy update.o

FCC@CERN: comprehensive program maximizing physics opportunities

A stage 1: FCC-ee (Z, W, H, @ as Higgs factory, electroweak & top factory at
highest luminosities

A stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA
collisions; e-h option

A highly synergetic and complementary programme boosting the physics reach of both

A

colliders
FCC integrated project allows the start of a new, major facility at CERN within a few

years of the end of HL-LHC

N. De Filippis



FCC longterm program
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The IDEA detector at ete colliders

Innovative Detector for E+e - Accelerator

IDEA consists of:
A a silicon pixel vertex detector

I Preshower

A alarge-volume extremely-
light drift chamber

A surrounded by a layer of

o . . DCH Rout =200 cm
silicon micro-strip detectors uf

DCHRin = 35cm

etector height TTOU Cm

A athin low-mass 2 ‘
superconducting solenoid coil— ———f—— = ——~~—3

A a preshower detector based
on mMWELL technology CalRin = 250 cm

A a dual read-out calorimeter

muon chambers inside the Cal Rout = 450 cm
magnet return yoke, based

on mMWELL technology Y(;ke 100 cm

) Magnet z =+ 300 cm

N. De Filippis 4



Design features of the IDEA Drift Chamber

For the purpose of tracking and ID at low and medium momenta mostly for heavy flavour and
Higgs decays the IDEA drift chamber is designed to cope with:

U transparency against multiple scattering, more relevant than asymptotic resolution
U a high precision momentum measurement
U an excellent particle identification and separation

IDEA: Material vs. cos(8) cpt/pt
- Beam pipe 0.005¢ Track angle 90 deg. .
30 PIP B DEA Particle momentum range far from the
[ Vertex silicon 0.0045 ~--- IDEA asymptotic limit where MS is negligible
sZ | [ Drift chamber R R IDEA No Si wrapper L
o 25 [ Silicon wrapper 0.004 co
N PP F - - - CLDMSonly APT| . Royepr 5
: 0.0035 B pr " T 03B 2V N +5
20 : L
- 0.003 Apr, - 00136GeV/e [ dio
-~ 5% X,-barrel 0.0005 pr " 038BoLy V Xo sinf
15 N < 15% XO ‘forward Drasal, Riegler, https://doi.org/10.1016/j.nima.
- 0.002 2018.08.078
10— 0.0015
- 0.001
5 — //
0.0005"/
0 0: | 1 | | | | 1 ‘ | 1 | ‘ I | 1 ‘ 1 | 1 | |
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0 01 02 03 04 05 06 07 08 09 1 ot (GeV)

For 10 GeV (50 GeV) memitted at an angle of 90° w.r.t the detector axis, the p; resolution is
A about 0.05 % (0.15%) with the very light IDEA DCH 5



The Drift Chamber of IDEA

. -
. 0.20 () inciuded)
The DCHis: QOIEX; . iy
. . . . 0.016 X,
U a unique-volume, high granularity, fully stereo, low-mass || o
. ) 0.050 X, slctsidih
cylindrical A A
ayers o
o . 0 _ 1 0 12-15 mm cell width
U gas: He 90% - ICH,, 10% R— @ ——
U inner radius R, = 0.35m, outer radius R,; =2m
u |ength L=4m 0.016 X, oo tracking efficiency
.. . to barrel calorimeter (0.0008+0.0007 X,/m) e=1
E 3:2 ::Ier:StEp~tt CZ;OnS to end-g;:sc:hxtimeter e ot f°"9?’;1s‘:,"(:5:n';'|':d)
U s,, <100 nm, s, <1mm 2=2.00m
U 12+14.5 mm wide square cells, 5 : 1 field to sensewires ratio
U 112 co-axial layers, at alternating-sign stereo angles, arranged

in 24 identical azimuthal sectors, with frontend electronics
U 343968 wires in total:
sensevires: 20 mm diameter W(Au) => 56448 wires

field wires: 40 nm diameter A(Ag) => 229056 wires
f.and g. wires: 50 nm diameter A(Ag) => 58464 wires

U the wire net created by the combination of + and T
orientation generates a more uniform equipotential surface
A better E-field isotropy and smaller ExBasymmetries)

U thinwires increasethe chamber granularity  reducing both multiple scattering and the overall tension
on the endplates
N. De Filippis 6



Challenges for large-volume drift chambers

.
).2 LZ A = linear charge density (gas gain)
. Electrostatic stabllity condition: ——— — < wire tension < YTS - n.rz L= wire.length, fw wire radius, w = drift cell width
4'77,'8 WZ w YTS = wire material yield strength

The proposed drift chambers for FCC-ee and CEPC have lengths L =4 m and plan to exploit the
cluster counting technique, which requires gas gains ~5x10°.
This poses serious constraints on the drift cell width (w) and on the wire material (YTS).

= new wire material studies

— INFN-Le + BINP -

* Non-flammable gas / recirculating gas systems
Safety requirements (ATEX) demands stringent limitations on flammable gases;

Continuous increase of noble gases cost - : \ ‘ﬁ‘_
. Drifttube | | —
= gas studies —
-0.015 | ‘ 20 tm W wire
* Data throughput ) SR T———

0.
Time (sec)

Large number of channels, high signal sampling rate, long drift times (slow drift velocity), required for
cluster counting, and high physics trigger rate (Z,-pole at FCC-ee) imply data transfer rates in excess
of ~1TB/s

* New wiring systems for high granularities /
/ new end-plates / new materials

A Assessmentof the Cluster Counting /Timing technique  with real data and simulation

N. De Filippis 7



Mechanical structure of the DCH

.
New concept of Gas containment Wire cage
construction allows to Gas vessel can freely deform Wire s_upport §tructur_e not
. ° 3 without affecting the internal wire subject to differential
reduce material to a I (Xo position and mechanical tension. pressure can be light and
for the barrel and to a few feed-through-less

x 102 X, for the end -plates.

A New tension
recovery schema

A Experience
inherited from
the MEG2DCH

N. De Filippis



Mechanical structure with FEM

Big Problems to manage!

* 0,, <100 pm — accuracy on the position of the anodic wires < 50 um.
* The anodic and cathodic wires should be parallel in space to preserve the constant electric field.

* A 20 um tungsten wire, 4 m long, will bow about 400 um at its middle point, if tensioned with a load of
approximately 30 grams.

30 gr tension for each wire — 10 tonnes of total load on the endcap

Load on spokes (24 sectors). 416 Kg/spoke => 2.5 Kg/cm average

Load on stays (14 stays/spoke) - 416 Kg/14/sin 8.6° = 200 Kg/stay

Goal minimizing the deformation of the spokes using prestressing
force in the cables

o - -] . .
Total deformation (mm) of the drift chamber The structure exhibited a
with the edge of the outer cylinders fixed deformation of but
No prestress Prestress in the cables our g0a| was to limit the
[J ) B}
Spokes Outer Spokes Outer deformation of the spokes to
cylinder cylinder 200 pm while ensuring the

14.099 0.63 0.62 0.67 structural integrity.




Mechanical structure: a complete model

Plan to start the construction of a
DCH prototype full lenght, three
sectors

realistic complete model ready:
mechanically accurate
precise definition of the connections of the
cables on the structure

location of the necessary spacers
connection between wire cage and gas
containment structure

A
A
A
A connections of the wires on the PCB
A
A




2025 full-length prototype: Wiring

Target : a full length DCH prototype with 3 sectors per endcap

N. De Filippis

A 8 spokes (4 per endcap)

A Internal ring

A part of the outer ring

A part of the cylindrical panel

First two layers of superlayer #1
V and U guard layers (2 x 9 guard wires)
V and U field layers (2 x 18 field wires)
U layer (8 sense + 9 guard)

U and V field layers (2 x 18 field wires)
V layer (8 sense + 9 guard)

V and U field layers (2 x 18 field wires)
V and U guard layer (2 x 9 guard wires)

First two layers of superlayer #8
U field layer (46 field wires)

U layer (22 sense + 23 guard)

U and V field layers (2 x 46 field wires)
V layer (22 sense + 23 guard)

V and U field layers (2 x 46 field wires)
V and U guard layer (2 x 23 guard wires)

Last two layers of superlayer #7

V and U guard layers (2 x 21 guard wires)
V and U field layers (2 x 42 field wires)

U layer (20 sense + 21 guard)

U and V field layers (2 x 42 field wires)

V layer (20 sense + 21 guard)

V field layer (42 field wires)

Last two layers of superlayer #14
V and U guard layers (2 x 35 guard wires)
V and U field layers (2 x 70 field wires)

U layer (34 sense + 35 guard)

U and V field layers (2 x 70 field wires)

V layer (34 sense + 35 guard)

V and U field layers (2 x 70 field wires)

V and U guard layer (2 x 35 guard wires)

PCBoards wire layers:42

TOTAL LAYERSS
Sense wires: 168
Field wires: 965

Guard wires: 264

Sense wire boards: 8
Field wire boards: 22
Guard wire boards: 12
HV values: 14

Readout channels: 8+8 +16+16+16+16 + 16+16 = 112

11



2025 full-length prototype: Goals

.

3Check the Iimits of the wiresb6 electrostatic s
angles

3 Test different wires uncoated Al , C monofil ament s, Mo s

3

3

o Test different wire anchoring procedures (sol di
o Test different materials and production procedures for spokes, stays, support structures and spacers

o Test compatibility of proposed materials with
Validate the concept of the wire tension recovery scheme with respect to the tolerances on
the wire positions

o Optimize the | ayout of the wiresdé PCBs (sense,

procedures, with aim at minimizing the end -plate total material budget

Starting from the new concepts implemented in the MEG2 DCH robot, optimize the wiring
strategy , by taking into account the 4m long wires arranged in multi -wire layers

Define and validate the assembly scheme  (with respect to mechanical tolerances) of the multi -
wire layers on the end plates
o Define the front-end cards channel multiplicity and their location (cooling system necessary?)

Optimize the High Voltage and signal distribution (cables and connectors)

Test performance of different versions of front -end, digitization and acquisition chain

Full-length prototype necessary o Can be done in parallel on small prototypes



N. De Filippis

Testbeam data analysis
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The Drift Chamber. Cluster Counting/Timing and PID

Principle: In He based gas mixtures the signals from each ionization act can be spread in time to few ns. With the
help of afast read-out electronicsthey can be identified efficiently.

U By counting the number of ionization acts per unit length (dN/dx), it is possible to identify the particles (PId.)

with a better resolution w.r.t the dE/dx method.

2 cm drift tube Track angle 45°

DERIV

drift tube 0.06

sense

wireRe i
———

v Clusters

WV Electrons

Acollect signal and identify peaks
Arecord the time of arrival of
electrons generated in every
lonisation cluster

Areconstruct the trajectory at the
most likely position

Requirements
fast front-end electronics
(bandwidth ~ 1 GHz)
high sampling rate digitization
(~ 2 GSa/s, 12 bits, >3 KB)

U Landau distribution of dE/dx originated by the mixing of primary and secondary ionizations, has
large fluctuations and limits separation power of PID A primary ionization is a Poissonprocess has

small fluctuations

U The cluster counting is based on replacing the measurement of an ANALOGinformation (the
[truncated] mean dE/dX ) with a DIGITAL one, the number of ionisation clusters per unit length:

dE/dx : truncated mean cut (70-80%), with a 2m track

at 1 atm give 0l & 4.3%
N. De Filippis

dNy/dx .for He/iC4,H.(,=90/10 and a2m track
gives Ugnersax /( ANG/dX) < 2.0%

14



The Drift Chamber. Cluster Counting/Timing and PID

B
_ . Geant4 uses the cluster
20m Iong tracks in 90/10 HE/IC4H10 density and the cluster
. . size distributions derived
full simulation
from Heed, however, they
Particle separation from truncated mean dE/dx Particle separation from truncated mean dE/dx . .
£ elenaesaemmenoal 'ZlE/Edn:ﬁ s dlsagltee, most I|k.ely, due
3 Heed% « ae/ax - GEANT4| - = to a different choice of the
* Wb - 10 o
“ SRR k- E..: parameter (the
T s maximum energy of an
10 . Sogear, 0= . .
= = e i electron still associated to
o : S =R . . .
£, « . a8 s 3¢ £ Lo 5 a track in the simulation)
":;_' " -- i ¢ . 2 .' 3 i B - 1.9 T vy vr v
ot—s ..‘1;-. P W a.a.-a.:.o.. S T . e . : Ry - q
Wormerm el . ! 1 ¢ ‘S; - AY/CH, (90/10), 1 bar 0%
Particle separation dN/dx Particle separation dN/dx S 17 F g3
b T Pariicle 2 Farficle = 1.6 F u:' 3
Be . Heed|:s dNgkdx GEANT4,: 3 il
:: v - '..;: . Lews | 152 3 :::'Y < elx 14 F T:\"
2, "o b E .'::::_ 13 F
E . o] "
10 - : m;— . '\ ) 3 F I
13 . ' o 8 . Ll F
o - . . - SiL - . ! " 1 F
S . S . e = o1 bt
s . 2 . 8 - 0 1 10 10 10
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M. Hauschild Progress in dE/dx
techniques used for particle
identification NIM A379(1996) 436
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F. Cuna, N. De Filippis, F. Grancagnolo, G. Tassielli, Simulation of particle identification
with the cluster counting technique, arXiv:2105.07064v1 [physics.ins-det] 14 May 2021



The Drift Chamber. Cluster Counting/Timing and PID

GEANT4 with HEED clusterization model

Erergy osa Novtm F Ao Ay et g tews v B

« dN_/dxvs By =

1 " dE/dxvs By }E |

o —

Higher values of Fermi plateau
for dN_/dx w.r.t. dE/dx,

L] '”....- ood : .! .'.—l-o.- e yet
- = reached at lower By values
" A and with a steeper slope
g PR
3 . § : .
s S8 = : ;;‘g;‘““ due to a choice of E, (the maximum energy
B 0.2¢ . mm of an electron still associated to a track in the
5 ~ = simulation) parameter?
n 0.24p ™
hed U
o6 —

RARN

N ‘o‘n. N o W N

Experimental beam
test campaign
needed

F. Cuna, N. De Filippis, F. Grancagnolo, G. Tassielli, Simulation of particle identification
with the cluster counting technique, arXiv:2105.07064v1 [physics.ins-det] 14 May 2021

N. De Filippis
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The Drift Chamber. Cluster Counting/Timing and PID

.
o Analitic calculations. Expected excellentK/p

. . i i Analitic
separation over the entire range except Particle Separation (dE/dx va dNidx) LRl

: calculations
0.85<p<1.05 GeV(blue lines) |
dN/ dx el e/}&
o Simulation with Garfield++ and with the Garfield a s
model ported in GEANT4: dE/dx K/

o the particle separation, both with dE/dx and K/p

with dN¢/dx, in GEANT4 found considerably

worse than in Garfield ~
. . . \::.~\ \
i the dNc/dx Fermi plateau with respect to b

dE/dx is reached at lower values of a Awith a \

steeper slope ai A R I S
o finding answers by using real data from beam o+ AT AT e ———

10 100
tests p [Gevic]
i S downstream |20 @b A Y Iy istr. s r i
“pox. .‘ = d"igg tile E‘S_\_'" ary t <\ § e ] ‘ time of flight
|, L = F ; dN/dx
i 5) 12:_ ----- combined
=\ 10
o R ) i W= . g ;  dN/dx from Garfield++
#‘ 3 - iy }
VG, T .
o i q ‘\;,_\_—&'“""‘ D8 90%He-10%|C4H10 8-
outlet gas = d # = 7 nominal HV+20, 450’ -
" J%‘/\ : Gas gain ~ 2 - 109, 3 %
o= ; 165 GeV/c .
S =B
i (20cm) f | 199 ol ismi o i s o

10 T
N. De Filippis Momentum [GeV/c?] 17



Beam tests in 2021,2022, 2023 and 2024

Beam tests to experimentally asses and optimize the performance of the cluster
counting/ timing techniques:

A Two muon beam test s performed at CERN-H8 (& A> 400) in Nov. 2021
and July 2022 (pr = 165/180 Ge\).

A A (from 4 to 12 GeV momentum) in 2023 performed at
. A new testbeam with the same configuration done on July 10, 2024
A Ultimate test at in 2025 with  and to fully
exploit the relativitic rise.
1501538';96\//0 Kat FGee > at CER\-H8 ‘"’oﬂ - He:lsoB 90/10, o Track Anale:
1-35 GeVlc 40-180 GeVic 1cm»;; — - . . 180(:1/1'%?M0+Au) . # 0° gle:
. — S /' _— el o]} 2 o 1l He:lsoB(80/20)
2 1500 3cm | ° ° 20 pm (W+Au) ol .‘ ) y O 8 deifited, 80
Plateau o 2 ' . jg:l]m((XY+:u)) ““’L J | é%\Z‘VILIU
® Nov.2021 S 1 ehil | & | ™D S YW PN o = B
@ Lug. 2022 -g Kat FNAL — o 7 o U RN
0 ‘% 1= Sroce 2 - He:lsoB ’:7 : =
Eg Minimum Jtbeam = ] ] ] J 80/20, ‘
{40,80,180 GeV) Trigeer LSem | o | o | o | o 8514, BM0FA4)
— 20 pm (W+Au)
k. l'ii‘f o 25 m (W+Ay)
1 1I0 1:>0 10I00 tam o]0 [o]e]e]
By
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2021/2022 beam test results: performance plots

ASeveral algorithms developed for electron
peak finding:
V Derivative Algorithm (DERIV)
V and Running Template Algorithm (RTA)
V NN-based approach (developed by
IHEP)
A Clusterization algorithm to merge
electron peaksin consecutive bins
A Poissoniandistribution for the number
of clusters as expected
A Different scans have been done to
check the performance: (HV, Angle, gas
gain, template scan)

Expected number of electrons
1 cluster/cm (M.1.P.) * drift tube size [cm] * 1.3 (relativistic
rise)* 1.6 electrons/cluster * 1/cos( 0

A U= angle of the muon track w.r.t. normal direction to the
sense wire

A U cluster/cm (M.l.P) changes from 12, 15, 18 respectively
for He:lsoB 90/10, 85/15 and 80/20 gas mixtures.

A drift tube size are 0.8, 1.2, and 1.8 respectively for 1 cm,
1.5 cm, and 2 cm cell size tubes.

[1] H.Fischle J.Heintzeand B. Schmidt, Experimental determination of
ionization cluster sizelistributions in counting gases, NIMA 301 (1991)

N. De Filippis

Volt [V]

Sense Wire Diameter15 pm; Cell Sizel.0 cm
Track Angle 45; Sampling rate 2 GSds
Gas Mixture He:lsoB 80/20
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Poissoniandistribution for the number of clusters
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Std Dev
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2021/2022 beam test results: resolutions
. In!:egral charges along a 2 m track length

Entries 178
Mean 185.1
Std Dev 139.3

U Landaudistribution for the charge along a
track

(Amplitude; 58.7912861693

T T [Illll]

U Selectedthe distribution with 80% of the

charges for the dHdx truncation, to be
comparedwith dN/dx

—_

ST T T

P R EEE SR A
100 200 300

b oo Bl o | I T
400 500 600 T00 8OO 900

U NEWresults
dE/dx Resolution dN/dx Resolution

O.U?E

dE/dx Resolution scan vs track
length resolution

0.13
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Resolution
Resolution

0.11

01
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I|II|I|I||I|\I1\|III||I|\|||
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Track Length[cm] Track Length[cm]

dE/dx resolution dependence on the track length L0937  dN/dx resolution dependence on the track length L-0-5

~ 2 times improvement in the resolution using dN/dx method



Summary/ Conclusions

Good progress reported on:
o mechanical structure design
o on going effort to build a full-length prototype next year

1 testbeam data analysisA NEW results

Plenty of areas for collaboration (also in the context of DRD1 WP3:

U detector design, construction, beam test, performance
U local and global reconstruction, full simulation

U physics performance and impact

U etc.

Effort to build a international collaboration enforced

N. De Filippis
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Why a drift chamber ?

Trackers at e*e™ Colliders

past
MARK2 MARK2
SPEAR
MARK3 PEP-4
ARGUS HRS
CESR CLEO1,23 DELCO MWPC
GMO:2 BEPC BES1,2
VEPP2/4M KEDR
ALEPH TPC
NSD
DELPHI TPC
CELLO MWPC + Drift Ch. LEP "
OPAL
PLUTO MWPC
PETRA MARK2
MARK-J TEC + Drift Ch. SLC
SLD
TASSO MWPC + Drift Ch.
DAPHNE KLOE
AMY
PEP2 BaBar
TRISTAN VENUS
TOPAZ TPC KEKB Belle

N. De Filippis

present
CMD-3
VEPP2000
KEDR
BEPC2 BES3
S.KEKB Belle2
future
ILD TPC
ILC
SiD
CLIC CLIC
CLD
FCC-ee
IDEA
Baseline
CEPC At
IDEA
SCTF BINP
STCF HIEPA
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Requirements on track momentum resolution

The IDEA Drift Chamber is designed to cope with

transparency

A a unique-volume, high granularity, fully
stereo, low-mass cylindrical

A gas: He 90% - iC,H;q 10%
A inner radius 0.35m, outer radius 2m

A length L = 4m

IDEA: Material vs. cos(0)

3o/ Il Beam pipe
[ Vertex silicon
[ Drift chamber
I Silicon wrapper

20—

15;‘ ~ 5% X,-barrel

o < 15% Xo-forwar

0

0 01 02 03 04 05 06 07 08 09 1

The CLD silicon tracker is made of:

A six barrel layers, at radii ranging
between 12.7 cm and 2.1 m, and of
eleven disks.

A the material budget for the tracker
modules is estimatedtobe 1 . 1 1
of a radiation length per layer

Gpt/pt FCC-ee CLD
E rack angle 90 deg. — — T T [ T Tt T 1 T T T T T T T T
E e 2 30 I Outer tracker ]
3 — :ggi No Si wrapper l_lo Inner tracker
E ol X Il Vertex detector |
E_ -~ CLD MS only -~>..<__ - Beam pipe ]
é — B 20
F (@)}
E _ N o)
T  LEEEEEEE /"" R -
F m
3 10
| —

F O
E —
F ©
3 =
51\7 I | L L I | I I | [ O 0 20 40 60 80
0 20 40 60 80 100

pt(GeV) 9 [o]

For 10 GeV (50 GeV) memitted at an angle of 90° w.r.t the detector axis, the p; resolution is
A about 0.05 % (0.15%) with the very light IDEA DCH
A about 0.25% (0.3%) with the CLD full silicon tracker, being dominated by the effect of MS



Challenges: wire studies

N
Wire constraints

Electrostatic stability condition Elastic limit condition
2y/2 T. wire tension € capacitance p 2
T. = s I w cell width per unit length i Al i
~ drew? L wire length Vo voltage
anode-cathode YTS = 750 Mpa for W, 290 Mpa for Al
Forw=1cm,L=4m:
T, > 26 g for 40 um Al field wires (8, = 260 um) T. < 36 g for 40 um Al field wires  (&gpa, = 190 um)
T. > 21 g for 20 um W sense wires (8, = 580 um) T. <24 g for 20 um W sense wires (84, =510 um)

The drift chamber length (L =4 m) imposes
strong constraints on the drift cell size (w=1 cm)
Very little margin left = increase wires radii or cell size

= use different types of wires

The proposed drift chambers for FCC-ee and CEPC have lengths L =4 m and plan to exploit the
cluster counting technique, which requires gas gains ~5x105.
This poses serious constraints on the drift cell width (w) and on the wire material (YTS).

=> new wire material studies
N. De Filippis 25



Challenges: minimization of the material budget

N. De Filippis

Helium used because of:

A Low primary ionization density implies a large time
separation

A low drift velocity means larger time separation
(Vgrie @ 2.5 cm/es)

A low average cluster size <Ngecrons/Cluster > & 1.6

A low single electron diffusion (< 110 em for 0.5 cm

drift, or < 4.5 ns) -



