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The IDEA detector at FCC-ee colliders

IDEA detector is Innovative detector designed for experiments at future e*e” colliders.

=1t I Detector Iength 1300 cm .
J IDEA consists of: S Preshower
» Asilicon pixel vertex detector. E ! |
» A large-volume extremely-light drift wire chamber. :;;D | _ DCH Rout = 200 cm
» A layer of silicon micro-strip detectors. % CHZ e | £
» A thin low-mass superconducting solenoid coil 2 S
(optimized at 2 T) to maximize luminosity.
» A preshower detector.
» A dual read-out calorimeter. el
»  Muon chambers inside the magnet return yoke. y

(| CalRout= 450cm

See here the talk by Gabriella at this conference for more details. ey i B [agnet z =+ 300 cm —
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https://agenda.infn.it/event/28874/contributions/169552/

Tracking requirements

d Central tracker system: N Pt -
> state-of-the-art momentum and angular resolution for charged particles. sor o 351
> B ~ 2T for beam emittance preservation x|
o Maximize tracking volume =1 ZH (Z= pp)
» bunch spacing at Z pole ~ 25 ns o] Muon pt
o Drift-time should be limited :
» PID & 11 ID for HF/7 physics 20f

o dE/dx or TOF.
» muons in ZH events have rather small p+ :
o Transparency more relevant than asymptotic resolution AN "

1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIl
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p.[%]eV/c?

d Vertexing: W i
> excellent b-and c-tagging capabilities : few pm precision for charged particle S Eoh (H= up) woan” 5158
origin. Swf  Muon pt
> first layer as close as possible to IP. Uwo;—
O Challenges: 1s0f-
» physics event rates up to 100 kHz (at Z pole) = strong requirements on sub- 3
detectors and DAQ systems. ]
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The IDEA tracking system

- v d: _ o
The IDEA tracking system. | Solenoid: 2 T, length = 5 m, r = 2.1-2.4 m, 0.74 X0,

0.16 M@ 90°,
= s~ ¥ Si Wrapper:2 layers of p-strips (50 um x 1 mm) both in
S Ol en Oi d | ‘ barrel and forward regions.
= = v' DCH: 56448 (~1.2 cm) cells He based gas mixture (90%

He —10% 1-C4H10).
IDEA: Material vs. cos(0)

i DCH % 5 \%Z?tr:xp;ﬁiion

><° [ Drift chamber
° 25| Silicon wrapper
(e}
0 150 m{ad
— — ——— 20 ~ 5% X,-barrel
y - - : : < 15% Xy-forward
0s | 25 4] 15

10

Vertex
inner: 3 single Si pixel (20 um x 20 um) layers of 0.3% X,
outer;'2 single Si pixel (50 pm x 50 um) layers of 0.5% X,
forward: 4 single Si pixel (50 um x 50 ym) layers of 0.3% X, 0
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The IDEA drift chamber
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field to sense field to sense
wires ratio3: 1 wires ratio5: 1

The wire net created by the combination of + and — orientation giving a
high ratio of field to sense wires, and a high density of wires creating a
more uniform equipotential surface.

sense wires: 20 um diameter W(Au) => 56448 wires

field wires: 40 pm diameter Al(Ag) => 229056 wires

f. and g. wires: 50 pm diameter Al(Ag) => 58464 wires
343968 wires in total

wire cage

gas vessel

New concept of construction allows to
reduce material to = 103 X, for the barrel
and to a few x 102 X, for the end-plates.

High wire number requires a non standard
wiring procedure and needs a feed-through-
less wiring system. The novel wiring procedure
developed and used for the construction of
the ultra-light MEG-II drift chamber must be
used.

MEG-II: muon to e-gamma search experiment at Paul
Scherrerinstitut-“The design of the MEG Il experiment”, Eur.
Phys. J. C (2018) 78:380 -https://doi.org/10.1140/epjc/s10052-
018-5845-6
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Full detector standalone simulation

GENERATION
» 'The standalone code was adapted for compilation on Key4hep stack on ;“:p‘ifcpm‘ﬂes
CERN Ixplus machines. T
(source /cvmfs/sw.hsf.org/key4hep/setup.sh) ¢  (DECTOR CEOMETRY
g Description Handle
Q;o G4 geometry (exported to GDML )j
The stack environment — * key4hep-stack/2021-11-26:
G4 simulation
. ( @ gCC830 Particles
» geant4-10.7.2 Interaction hits
SWs from the stack < e clhep-2.4.4.0 v
% Det. Hit and Digit simulation
» root-6.24.06 g Data structures containers;
\ « genfit/02-00-00 (on the stack) § curtently simplified algorithms used
External package to be installed locally <§——— * rome master %‘ RECONSTRUCTION
) PR etc.
& Kalman Fit with GENFIT 4
https://qithub.com/HEP-FCC/IDEADetectorSIM
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https://github.com/HEP-FCC/IDEADetectorSIM

The Migration to EDM4hep and Key4hep

Goal: port the simulation and the algorithms to a common FCC framework to develop studies, physics analysis and
algorithms in the standard/final environment.

The converted tracker hits: silicon vertex

tracker, drift chamber, pre—shower
Standalone | FCC framework ’ P
/ Example of simulation w0 //“‘"""\\\

Geant4 Monte Carlo hits particle geometry -/ A\
(possible other data structures) EDMA4HEP . 1 muonfevent e g, ©) |
reconstructed tracks . thetain [88.5,90.5]deg + DCH > | }

* energy = 1 GeV « PSHW b\ //

* magnetic field =2.0T E \\ » S

‘200(‘) = ‘1(1)0(‘) ’ lx ‘[ré]r‘n]‘ ’ ‘10100l = ‘20100‘

recoTracks.ndf

htemp

simulation + reconstruction
. i etector Ien; cm | ]
9 . < Preshower

DCH z=+200 cm ‘ I
|
= e

\
=

10 Entries 50
Mean 1733
Std Dev 17.39

height 1100

port the geometry

Detector

= = port the algorithms Key4HEP :
i | | - port the data format ‘
'§ilico T B 5

Cal Rout = 450 cm

3 bl

PR RN AT WO TR SN AT SO S S | L | ’_|V_H-|I ”.
60 80 100 120 140 160 180

recoTracks.ndf

Yoke 100 cm
Magnet z=+300 cm
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Cluster Counting/Timing and P.ld. expected performance

Principle: In He based gas mixtures the signals from each ionization act can be spread in time to few ns. With the help of a fast read-

out electronics they can be identified efficiently.

e By counting the number of ionization acts per unit length (dN/dx), it is possible to identify the particles (P.ld.) with a better

resolution w.r.t the dE/dx method.

lonizing
track T

dritt tiiba : acquired signal identified
= | ~ peaks

‘\.\
i LAY
! = : lun: [s] ;
dE/dx
Truncated mean cut (70-80%) reduces the dNg/dx
amount of collected information. n=112and  8¢= 12.5/cm for He/iC4H10 = 90/10 and a 2m
a 2mtrack at 1 atm give 0 = 4.3% track give 0 = 2.0%
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Particle Separation (dE/dx vs dN/dx)
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plGevie] 4.3% dE/dx resolution

80% cluster counting efficiency

* Cluster Counting/Timing in DCH for good P.ld. Performance.
» Expected excellent K/t separation over the entire

range except 0.85<p<1.05 GeV (blue lines).
e Could recover with timing layer.
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Cluster Counting/Timing and P.ld. expected performance

» A simulation of the ionization process in 1 cm long side Particle separation from truncated mean dE/dx Particle separation dN/dx
. . g 20._ Particle 20¢ Partic!
cell of 90% He and 10% 1C4H10has been performed in T Tell
* b Garfield L vof- Garfield | . #x
Garfield++ and Geant4. e '
|o— * ‘3‘;"_' 102 N
. . . 3:; n ; - % 8 L2
» Geant4 software can simulate in details a full-scale I § Vo g £ !
I = = =+ z A.é .r .
detector, but the fundamental properties and the £ . £ por o
. oE— PN - raaal ! . s..5.9 0: ._. oy : g e
performances of the sensible elements have to be ' © vomsmumcll ‘ 0 el
: (49 2 :
parameterlzed Or an ad hOC thSICS mOdel has to be Particle separation from truncated mean dE/dx Particle separation dN/dx
. @ 20 article s 20 article
implemented. S . o | R s
N ’6; Geant4 s L .. Geant4 : =
» Three different algorithms have been implemented to o i3 "
simulate in Geant4, iz a fast and convenient way, the number Y "\ e : 63
of clusters and clusters size distributions, using the energy F e i J
. . ,.;. i A,,T-'-. e | H ‘;1 '3 2: “.T-. PR SRR | t . ..f.'l"
deposit provided by Geant4. " ' o —— 1 T

We are assuming a cluster counting efficiency of 100%.

See here the talk by Federica at this conference for more details.

To be ported inside the full detector simulation
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https://agenda.infn.it/event/28874/contributions/169554/

The Expected Tracking Performance

»A Geant4 simulation has been performed to estimate the performance of the IDEA tracking system, assuming a
single cell resolution of 100 um for the CDCH and conservative spatial resolution (o= pitch/\12 um) for Si detectors.

the IDEA tracking system meets the expected performance.

» The lightness of the drift chamber allows to the IDEA tracking system to gain almost a factor 3 in momentum
resolution respect to a full Si tracker system up to 50 GeV/c.

Transverse Momentum R lution .
ansverse Momentu esolutio Transverse Momentum Resolution

g_f B 90deg o :

Ry - i i 75 deg o —— with CDCH (60 deg)
o [ g tilgEl 60 deg bbb b B E T 102 add ly 3 - Si (60 deg)
L. S 45 deg E EREm CLD 50 deg
- : . TR R I R : :‘ : (i | CLD 70 deg

i P 107 =
i] Qv s -
10° =% j'ﬁﬁﬁﬁ'ﬁ'i"':'"fﬁﬁ'ﬁﬁ'i"iﬁ B
= R e 104 =
L 1%::‘*%117"*’*&, =
I 1 I O 1 4 O R O IR I 6 11 B D
1 3 I TR S S (] . i [ A
10 1 T1rgnsverse Momentum, Ge\.)fgz 10

T}gnsverse Momentum, Ge\;/g2

CLD: a detector concept for FCC-eewith a full Si-tracker system, inspired by CLIC detector.
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The Expected Tracking Performance

Gpt/pt Dy (um)

Analytic model to evaluate full covariance matrix

black point: Full simulation
red line: analytic model with Si resolution as Full sim.
blue line: analytic model with improved Si resolutions ()

AN [V YN N [T TR T ol Lo s Qo 0o u n B u u Ul

e it 80 0 20 a0 50 80 100 1 .
p [Gev/d] o p [Gev/d] ( >V9rtex.
Zy (um) 90 0 (rad) s inner 3X3 pm
of « outer/forward 7x7 um
Siwrapper: 7x90 ym
0.0006 4.10-5
0.0004 GP; (1 00Ge V) )
> 5
0.0002 p{
; \
00:4 et 2joLJ ‘4.0‘ ! "6})' = "eJc’) =t ﬁl(![)’. ’ — = l‘éﬁ' Bl - 100
P [C;E'V C] P [C}ev 'c] 2.90 10-5
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The Expected Tracking Performance

» Due to the minimization of the multiple scattering contribution, the IDEA tracking system performs
better, over almost the entire momentum range of interest, than an alternative tracking system
based only on Si detectors (CLD).

G,/ Pt c,/pt
0'005: I 0.005 - Track angle 90 deg.
E e = IDEA
0.0045— i 0.0045F - IDEA
et ™ o R . IDEA No Si wrapper
C E. —— CLD
0.004: 0'004; -~ CLD MS only ——
L L e -
= &) =, O
oooss- 45 degree - ® L , e ©
= 4= - P 4=
0.0031 () 0.003F e ©
- / (@)) 3 ,////,///',/ b e (®))
0.0025— c 0.0025[ ;=== -------- i i e \ c
C = = - ? -
0002} -9 0_002:_ / g
C Track angle 45 deg. -'(_6 - \ ©
0.0015— IDEA (&) 0.0015 > O
- - DEA ? E 90 degree ?
0.001:_ ——————— ICE)LEE;A No Si wrapper 9 0.001:_ 9
w __ CLD MS only Q - e
0.0005} = dRdtass J =
FE i o . S = . >
- | | | | | cooco b by by by E
00 11 55 [ 35 [ 5 [ | =5 L1 1 T I 2 00 0 20 80 80 100
pt (GeV) pt (GeV)
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The Expected Tracking Performance

» The large signal-to-background ratio on the one hand, and the excellent drift-chamber muon momentum
resolution on the other, offer the possibility to determine the inclusive ZH cross section and the Higgs boson mass
with a statistical precision of ~1% and ~6 MeV, respectively.

» The muon momentum resolution achieved with the CLD Silicon tracker is affected by its larger amount of
material, and therefore of multiple scattering, than in the IDEA drift chamber.

" . Hre
FCC-ee Simulation (Delphes) H 'ggs recoil mass ST
T l T T T l T T T l T T T I T T T | T T T 900 = D t . Pl y. |2E 4
> B — ZH . o etectors: Vean .
Q 10000(— s =240 GeV 2z - 800 = — Beam only RMS 2.341
(D : L=5ab"! . W : E — IDEA RMS 2372
o - e'e’ > ZH - u'u + X Other Backgrounds . 700~ —CLD
O 8000 — =
S : w00
= - - =
£ 6000 - oL
c  r . P
) B - 400 =
2 - . E
@ 4000 = 300 o=
; ] 200~
2000 — — E
B ] 100 =
] = PO W T e s e e
N A o i : : 920 122 123 126 28 T30 732 734
40 60 80 100 120 140 160 GeV
Mo [CGEV . .
Eur.Phys.J.Plus 137 (2022) 1, 23 recoil | ] Beam only: assuming 0.136% beam spread and an ideal detector.
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Summary

A Geant4 simulation of the Drift Chamber and tracking system is set and working.
data output conversion to EDM4Hep has been developed.

Performance studies with Geant4 simulations and analytic calculations were
performed in the context of FCC-ee.

The Cluster Counting technique provides major improvements in PID performance
over traditional dE/dx approaches.

The IDEA tracking system is very light, providing excellent resolution over the
momentum range of interest.
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IDEA drift chamber

tracking efficiency e = 1 0.016 X, to barrel calorimeter
for§>14" (260 mrad) 0.050 X, to end-cap calorimeter + IDEA: Extremely transparent Drift Chamber

97% solid angle
2 Gas: 90% He — 10% iC4H4g
— (F.E.E. included)

[ activeares 3 Radius 0.35-2.00 m
r=2.00m 2 Total thickness: 1.6% of X at 90°

service area

0.20 m
0.045 X,

0.016 X,

0.050 X,

9=14° + Tungsten wires dominant contribution
Front Plate

11- layers
. 2-15 m cell width

inner wall 0.0008 X,

r=0.35m Q 112 layers for each 15° azimuthal sector

z-axis 2 max drift time: 350 ns

56,000 cells
340,000 wires

(0.0013+0.0007 X,/m)

wires gas

outer wall|0.012 X,
z=2.00m
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IDEA Vertex detector

Inspired by ALICE; based on MAPS technology, using the ARCADIA R&D program

A Pixels 20 x 20 um?

I ) ) 0
QInner layers: 0.3% of X, / layer
5 MAPS | :
2 Quter layers: 1% of X, / layer R=17_;y3€_rs31cm
+Performance: Pixel size: 20 x 20 um?2
_ _ R=32-34cm
0 Point resolution of ¥3 um Pixel size: 50 x 100 um?
0 Efficiency of ~100%
0 Extremely low fake rate hit rate “ [ —
o 0!5 1!0 1|5 2I0
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