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Detector concept IDEA 0 e

i Fisica Nucleare

IDEA concept

S1 pixel vertex detector
5 MAPS layers
i R=1.7-34cm

Drift chamber (112 layers)
4m long, r =35 — 200 cm

S1 wrapper: strips

Solenoid: 2 T-5m, r=2.1-2.4
0.74 X, 0.16 A @ 90°

Pre-shower: puRwell

Dual Readout calorimetry
2m deep/8 A

Muon chambers
uRwell
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Z.0om small radius
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Fast tracking sismulation { e

FCC tracking systems still evolving
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S . INFN
Fast tracking simulation =~ (e

FCC tracking systems still evolving

Need fast turn around 1n evaluation of various options
Easy implementation of modified geometry
Easy change of detector performances
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S . INFN
Fast tracking simulation =~ (e

FCC tracking systems still evolving

Need fast turn around 1n evaluation of various options
Easy implementation of modified geometry
Easy change of detector performances

Need realistic input for fast simulation

Full covariance matrix

Dependence on pt and polar angle for generic configuration
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Implementatlon (1) {7 o

Track fit y? hneanzed in the fit parameters

- ()(/
‘ ((/() — g 4 — .2&1)) \

dp

d/d* = predicted/measured distance of track from wire or pixel
p = track parameters

S = covariance of all measurements:

S (Li— L)L — LB, )

1<k<min(2,5)
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Implementatlon (1) {7 o

Track fit y? hneanzed in the fit parameters

- ()(/
‘ ((/() — g 4 — .2&1)) \

dp
d/d* = predicted/measured distance of track from wire or pixel
p = track parameters
S = covariance of all measurements:

S (Li— L)L — LB, )

1<k<min(2,5)

t ~—1 (_)(l
= A"S A, where A = ——

1 9%y\2
- 2 0p0p op
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Implementation (2) -

Simple geometrlj) description 1n text file:
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Implementation (2) C

|

Simple geometrgf description in text file:

| |

Layer types allowed:
3 Cylinder shell (const R) or disk (constant z)
8 Measurement or inert (for MS)
3 Mecasurement 1s axial (R¢), small angle stereo, 90 deg. (Rz) or pixel
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Implementation (2) {7 o

Simple geometrgf description in text file:

Layer types allowed:
3 Cylinder shell (const R) or disk (constant z)
8 Measurement or inert (for MS)
3 Mecasurement 1s axial (R¢), small angle stereo, 90 deg. (Rz) or pixel

Currently implemented:
IDEA in DELPHES card
CLD (tracking only) also available in private repository
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Implementation (3) e

Track handling:

Initialize with X, p : point on track and momentum vector
Find intersection with any given layer (acceptance)
Calculates helix parameter covariance matrix

# Include multiple scattering contributions with correlations
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. Istituto Nazionale
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Covariance calculation x-checked with full simulation
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Examples (1) L_/ o

Implemented geometry and material summary
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Examples (1) L e

Implemented geometry and material summary
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Examples (1)

Implemented geometry and material summary
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Examples (1)

Implemented geometry and material summary
IDEA: Material vs. cos(0) CLD: Material vs. cos(0)

I Beam pipe = .l Beam pipe
[ ] Vertex silicon = [ Vertex

[ ] Drift chamber [ ] Inner tracker
I Silicon wrapper B Outer tracker

I1I|I|IY|II¥

Illllllllllllllllll

—_

02 03 04 05 06 07 08 09

III|II

o

01 02 03 04 05 06 07 08 0.9 1
Cos(0)
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/ N./'l‘?
Examp ICS (2) L/ &8 Fisca Nuclears

IDEA / CLD comparison

5
Ll Track angle 90 deg

IDEA
— — |IDEA MS only —— IDEA
——CLD

e — — CLDMS only ——CLD

Track angle 90 deg
0.0045

0.0035
0.003
0.0025
0.002

0.0015

100 4 100
pt (GeV) p (GeV)

Track angle 90 deg
—— IDEA
——CLD

100 6 8 100
p (GeV) p (GeV)
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Examples (2) Lo

IDEA / CLD comparison ->zoom pt resolution

Track angle 90 deg.
IDEA

------- IDEA No Si wrapper
CLD
—~ CLD MS only

__________________________________
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/ N./'l‘?
Examp ICS (2) L/ &8 Fisca Nuclears

IDEA / CLD comparison ->zoom pt resolution

IDEA No Si wrapper
CLD
---- CLD MS only
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. INFN
Make 1t faster {7 oo
Calculation of covariance matrix slow for IDEA
Involves inversion of matrix ~ 120x120
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INf:l‘?
Make 1t faster (et
Calculation of covariance matrix slow for IDEA

Involves inversion of matrix ~ 120x120

Solution:
Store pt-polar angle grid of matrices 1n .root file
Get any matrix by bi-linear interpolation over 2D-grid (p, — 0)

C 12 C22
tth
Ci tpt Cy
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Make 1t faster {7

Calculation of covariance matrix slow for IDEA

Involves inversion of matrix ~ 120x120

Solution:
Store pt-polar angle grid of matrices 1n .root file
Get any matrix by bi-linear interpolation over 2D-grid (p, — 0)

Cir Cy
L,
Ci [ Gy

Keep full calculation for tracks originating far from IR
Deal with long lived particles
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)
o : : INFN
Application to simulation (s

Track handling:

Perfect track = observed track
i Check acceptance
1 Get covariance matrix from interpolation or full calculation

# Smear helix parameters according to covariance matrix using Choleski
decomposition

Covariance matrix

ULU (U is upper triangular matrix) - Choleski decomposition

vector of normal random numbers =0, o0 =1
17 — ¥ has covariance C. Proof:

'sU = U IU =00
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Examp le (3 ) Lo

Higgs recoil from HZ (Z->utu")
FCC-ee Simulation (Delphes)

—
'I_ = 240 GeV - 74

L=5ab"’ W
- + -
e'e" »ZH -y +X Other Backgrounds

ﬁ P. Azzurri et al.,
Eur.Phys.J.Plus 137 (2022) 1, 23
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Vertex finding/ fittin g {7

BT

Simple class for vertex fitting for post-processing
DELPHES simulated events (extemal/TrackCovariance/VertexFit.cc)
Input: array of tracks (parameters + covariance matrices)
# Only charged = assume simple helix
Output:

8l Vertex + associated covariance matrix
3 Chi2 and chi2 contribution of each track

Additional features:
3 External gaussian constraint
8 Add/Remove track

Simple root macro to find primary vertex:
ExamplePVtxFind.C included in DELPHES repository
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Vertex finding/fitting

Simple class for vertex fitting for post-processing

Pull X vertex component

Pull Y vertex component

Entries

1 1 Mean
} ( -pu S Std Dev
Underfiow
Overflow
%2/ ndt
Prob
Constant
Mean
Sigma

100000

0.001059

1.003

0

1

33.05/43

0.8633

7949 £ 30.8
0.000887 + 0.003174
1.003 + 0.002

Y-pulls

Entries
Mean

Std Dev
Underfiow
Overflow
%2 [ ndt
Prob
Constant
Mean
Sigma

100000

0.0001903

1.004

0

1

38.7/40

0.5287

7935 £ 30.8
0.0002268 + 0.0031811
1.005 + 0.002

Pull Z vertex component

FETET T BT B

| IPRETITIN BEPUNTUTU SRR SR 1 | PR NS S N '

10

Entries
Mean

Std Dev
Underflow
Overflow
%2/ ndt
Prob

Entries
Mean

Std Dev
Underflow
Overflow
%2 ndt
Prob

po

p1

100000

2972

237

0

191

1155/98

0.1094

3.006 + 0.006
9.9550+04 & 3.804e0+02
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PID 1 Istituto Nazionale
di Fisica Nucleare

Cluster counting:

Count # 10nization clusters in drift chamber gas
il ~ 2x better than dE/dx

# clusters/length vs By from HEED simulation embedded 1n
Garfield++

Procedure: £ 2400]
i Get track length 1in gas volume 5
1 Avg. # clusters from By
il Extract from Poisson distribution

5 10 15 20 25 30 35 40 45 50
Momentum [GeV/c?]
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PID (2) (’_’i &8 Fisca Nuclears

Timing:
Assume timing layers at end of tracking volume
Assume track starting vertex has negligible error
30 ps resolution for charged/ 100 ps for neutrals

p=1GeV

o, (MIP) = 30 ps

f flight [ps]

0, (calo)= 100 ps

Ime O

t

12 14 16 1.8 2 : - 25 3 35 4 45 25
m, . [GeV] Momentum [GeV/c7]
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PID Istituto Nazionale
2 di Fisica Nucleare

time of flight
dN/dx
combined

10 10°
Momentum [GeV/c?]
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DR calorimetry {7

Approximate simulation of a complex detector
Define virtual towers (optimal 6x6 cm?)
Assign EM resolution 1f only e, y hit tower
Assign HAD resolution 1f at least a hadron hits the tower

IDEA - Deiphes
e'e - ZH - ttjets (u,d, s)

= Cell size: 2 mm x 2 mm
= Cell size: 3cm x 3cm
~Cell size: 30 cm x 30 cm
==Cell size: 40 cm x 40 cm
~ Cell size: 60 cm x 60 cm

—Cell size: 80 cm x 80 cm

_ | .
140 160 180 200
dijet mass [GeV]
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DR calorlmetry L e

Approximate simulation of a complex C

Define virtual towers (optimal 6x6 cm?)
Assign EM resolution 1f only e, y hit tower
Assign HAD resolution 1f at least a hadron

Apply simple particle flow
Case 1: tower energy consistent with tracks only
#l Use track momentum measurement

Case 2: tower energy consistent with track+neutrals

i Use calorimeter tower energy
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Conclusion (L e
IDEA detector fully implemented in DELPHES
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Conclusion L7 e

IDEA detector fully implemented in DELPHES

Realistic fast tracking and timing modules can be used
for any detector concepts

ECFA meeting on simulation, Feb. 2022 17 F. Bedeschi, INFN-Pisa
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE



Conclusion L7 e

IDEA detector fully implemented in DELPHES

Realistic fast tracking and timing modules can be used
for any detector concepts

Cluster counting is also general for any gas detector
including a large TPC

ECFA meeting on simulation, Feb. 2022 17 F. Bedeschi, INFN-Pisa
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE



Istituto Nazionale
di Fisica Nucleare
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Implementation details

Typical geometry block

// Vertex detector (inner)
if (fEnable[1])
{
const Int_t NIVtx = 3;
Double_t rVtx[NIVtx] ={1.7,2.3,3.1};
Double_t IVtx[NIVtx] ={ 11.0, 15.0, 20.0 };
for (Int_ti=0;i< NIVtx; i++)
{
ftyLay[fNlay] = 1;
fxMin[fNlay] = -IVtx[i] * 1.e-2;
fxMax[fNlay] = IVtx[i] * 1.e-2;
frPos[fNlay] = rVtx[i] * 1.e-2;
fthLay[fNlay] = 280.E-6;
friLay[fNlay] = 9.370e-2;
famLay[fNlay] = 2;
fstLayU[fNlay] = 0;
fstLayL[fNlay] = TMath::Pi() / 2.;
fsglayU[fNlay] = 4.E-6;
fsglayL[fNlay] = 4.E-6;
fflLay[fNlay] = kTRUE;
fNlay++; fBlay++;
fNm++;

ECFA meeting on simulation, Feb. 2022
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di Fisica Nucleare

// Assume 3 vertex pixel layers
// Vertex layer radii in cm
// Vertex layer half length in cm

// Layer type 1 =R (barrel) or 2 = z (forward/backward)
// Minimum dimension z for barrel or R for forward

// Maximum dimension z for barrel or R for forward

// R/z location of layer

// Thickness (meters)

// Radiation length (meters)

// Number of measurements in layers (1D or 2D)

// Stereo angle (rad) - O(pi/2) = axial(z) layer - Upper side
// Stereo angle (rad) - O(pi/2) = axial(z) layer - Lower side
// Resolution Upper side (meters) - 0 = no measurement
// Resolution Lower side (meters) - 0 = no measurement
// measurement flag = T, scattering only = F

F. Bedeschi, INFN-Pisa




INF
Beam CNCrgy spread L e

Courtesy of P. Janot (FCC week 2018 — Amsterdam)

Z pole scan strategy and /s spread measurement

— 0
G, = 0.165%
beam energy [GeV] 45.6 30 175-182.5 G == G / 2
Vs beam’ V

arc cell optics 60/60 60/60 90/90
emittance hor/vert [nm]/[pm] 0.27/1.0 .84/1. 0.63/1.3 1.4/2.8 — O 1 3 6(y
B* horiz/vertical [m]/[mm] 0.15/.8 ‘ 0.3/ 1/1.6 * 0
SR energy loss [turn (GeV) 0.036 D3 1.72 9.21

total RF voltage [GV] ; : - 8.8-10.3

bunch length (SR /BS) [mm]

bunch intensity [10]

beam current [mA]

SR total power [MW]
luminosity [1034 cm™s™]
luminosity lifetime [min]

allowable asymmetry [%]

Patrick Janot FCC Week in Amsterdam
10 Apr 2018
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Higgs from Z recoil

Generated Higgs recoil mass Higgs recoil mass with 0.136% beam spread eHrec

gHrec Entries 9566
Entries 9995 Mean 126.4
Mean 126 4 RMS 2.341
RMS 2324

1
132 134 134
Recoil mass (GeV) Recoil mass (GeV)

o
)
o

Higgs recoil mass - No Energy spread Higgs recoil mass with 0.136% beam spread eHrec

oHrec id Entries 9566
Detectors: Entries 9566 Detectors: Mean 126.4
Mean 126.4 — Beam Only RMS 2.341
— IDEA RMS 2.339 — IDEA RMS 2.372

- CLD = CLD

=)
N

O
)
[=]

134 134
Recoil mass (GeV) Recoil mass (GeV)
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