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Particle Flow detectors

Irénie Joliot-Curie

LaboratoiredePhysique
e

Particle Flow Detector

Jet energy measurement by measurement of individual particles

Maximal exploitation of precise tracking measurement

« large radius and length
> to separate the particles

« large magnetic field
> to sweep out charged tracks

« “no” material in front of calorimeters
» stay inside coil

. small Moliere radius of calorimeters
> to minimize shower overlap

« high granularity of calorimeters
> to separate overlapping showers

Particle flow as privileged solution for experimental
challenges

=> Highly granular calorimeters!!!

Emphasis on tracking capabilities of calorimeters

HCAL

ECAL

Y non—pointing to IP

CEPC Xtal Calo Workshop — July 2020 5
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Calorimeters for PFA

Calorimeters for PFA CALI@

Xo ~ 3 mm,

Xo ~ 20 mm,
pm~ 9 mm

pm~ 30 mm

Micro

All projects of current future high energy colliders propose highly granular calorimeters
CEPC Xtal Calo Workshop — July 2020 7
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The SiW Electromagnetic Calorimeter for the ILD CAu(ed

Tungsten as absorber material
® Narrow showers
® Assures compact design
® |ow radiation levels forseen at LC

223.2mm (A= +38.2 mm) for barrel

[ ] X :35 mm, R :9mm' I :96mm 2236 mm (A=38.6 mm) for endcaps
0 M L

Silicon as active material

® Support compact designs

Allows pixelization

Robust technology The SiW ECAL in the ILD Detector
Excellent signal /noise ratio

Our R&D is tailored to meet the specifications for the ILD ECAL baseline proposal
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The SiW Electromagnetic Calorimeter for the ILD CAI.I@

® Compact design: Thickness of 23 cm for 26-30 active layers + 24X, tungsten

¢ Limited space for inactive material (PCB, electronics)—Power Pulsing, no active cooling

. Shielding
) PCB (FeV) \4
16 SK2 ASICs
1024 channels Map!ersbb:;;d
The SiW ECAL in the ILD Detector s
U Cradle " Ulayout of a short slab

(Carbon Fi +W)
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The SiW Electromagnetic Calorimeter for ILD CAu(ed

Physics prototype Technological prototype LC detector
Proof of principle 2003 - 2011 Engineering challenge 2010 -

N channels: 9720 N channels: 45360 i

Pixel size: 1x1 cm? Pixel size: 0.55x0.55 cm?

Rum,eff: ~1.5 cm R efi: ~1.5 cm N channels: ~ 100M
Weight: ~ 200 kg Weight: ~ 700 kg Total weight: ~130 t
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The SiW Electromagnetic Calorimeter for ILD CAu(ed

Physics prototype Technological prototype LC detector
Proof of principle 2003 - 2011 Engineering challenge 2010 -

N channels: 9720
Pixel size: 1x1 cm?
RM’eff: ~1.5 cm
Weight: ~ 200 kg

1

N channels: ~ 100M
Total weight: ~130 t
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SKIROC2 + PCB CALi(ed
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® 16 SKIROC2

e FEV: v10 -> v12
— see Roman'’s talk for new design

e Slab: ASU (PCB+Wafer) + SMB, carbon

® Low consumption + W, shielding
TIPP 2021 | Fabricio Jiménez (LLR/CNRS)

® 64 channels, preamp (42 gains + TDC)

® Auto-triggered, 15 (x2) analog memories
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Outline CAu(ed

The 2017 prototype: Test Beam



The prototype (2017) - Test Beam

e 7 slabs (FEV11), each w/ 4 Si wafers (325 pm)
® Positron beams of 1, 2, 3, 4, 5 and 5.8 GeV.

Varying amounts of W in front of each slab:

Conf || 1 | 2 | 3
Xo ||06-66|12-84|18-102
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Test Beam - studies

Physics program
e Calibration run with 3 GeV positrons

perpendicular beam without tungsten
absorber plates

® Electromagnetic showers program.

e Calibration run with 3 GeV positrons
in ~ 45 degrees (6 slabs)

® Magnetic field tests with 1 slab (up to
1T)

Results published in NIMA 2019 162969

Studies with simulations including
digitization
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CAu(ed

Test Beam Showers - selection

Example: conf 2 @ 2 GeV Use two criteria
N slabs hit by the shower ~ and  hit energy [MIP] in cells

Selection:
® At least 5 slabs hit
® 1+ 60 on pedestal
gaussian fit
e “Central” slabs hit

105 4

# events
# hits

2 4
hit_energy flatten

4
nhit_slab
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Shower model CAu(ed

Model the longitudinal and transversal energy profile of showers

Transversal (per-layer) model Longitudinal model
Double gaussian: shared mean, no corr.
—1,—b
A(FN(p,101) + (1 — F) N (p, 1o3)) dE _ ,_:Ob(bt)a le—bt
dt I'(a)

® Fit the longitudinal and transversal parts separately

® Fit the longitudinal part using integral of double gaussian as prompt for E per layer
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Shower model for layers

Fit double gaussian per layer

80
60
40

20

-20
-40
-60

-80

Layer 4; Xo = 3.6

Fit
A =667.176
6
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Layer 1; Xo = 1.2

Layer 4; Xo = 3.6
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CALl@

Layer 2; Xo = 1.8 i Layer 3; Xo = 2.4
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01
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Configuration 2 @ 2 GeV

A(fN([l:, 110-1) + (1 - f)N(p'v 102))
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Shower longitudinal profile

18

16

14

10

TIPP 2021

No requirement on central slabs

Shower average fit conf 2, energy 2 GeV

Fit - integral of gauss2 per layer
Fit - sum hits (data) per layer

Sum hits (data) per layer

—4— Integral of gauss2 per layer
-+
3

4 5 6 7
t[Xo]

| Fabricio Jiménez (LLR/CNRS)

(bt)a—le—bt
I'(a)
Central slabs hit required

Shower average fit conf 2, energy 2 GeV

22
20 4
18
16 4
dg
12

10

Fit - integral of gauss2N per layer
Fit - sum hits (data) per layer
Integral of gauss2N per layer
Sum hits (data) per layer

4 6

5
tXo]

CALl@

13/24



Comments on shower analysis CAu(ed

e First attempt at fitting shower shapes on SiW-ECAL data (7 layers)
® Help handle masked cells
® To be checked: issues with calibration mip—shower ?

® Software in development:
® Robustness against noise cuts

Adapt to individual showers

Use integrated (over cell surface) functions

Try various lateral shower profiles - Complete with full 3D profiles

® Simulations - Digitization
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Outline CAu(ed

Digitization for the SiWw ECAL



Simulations

® Simulation code of this detector prototype with beam tests are in place
— Daniel Jeans @ cern gitlab, calice_dd4hepTestBeamSim

® \We generated samples for the following setups:

® The 2017 test beam (e™) as in previous slides, same for e~ .

® No Tungsten (configuration 0) for e~ and e™ @ 3 GeV, and u @ 40 GeV.
® Run and adapted by Adrian Irles.

After this, we need to add digitization effects

TIPP 2021 | Fabricio Jiménez (LLR/CNRS)

CAL(eo
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https://gitlab.cern.ch/calice/calice_dd4heptestbeamsim

Digitization

Raw simulation = info. resembling detector output, including readout effects

CALl@

Hits

Conversion
to MIP

Shaping

Gaussian
smearing

Conversion
to ADC

Time
smearing

® Hits: starting point from raw simulation.

TIPP 2021 | Fabricio Jiménez (LLR/CNRS)

Map energy deposited to MIP scale.

Conversion to ADC, time smearing

Add smearing: noise term in detector cells/readout.

Simulate pulse shaping in the readout electronics + saturation effects.
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Energy of hits in a cell. No Tungsten, positrons and muons

Take cells with >1k hits (out of 10k events) — fit Landau distribution

Energy_GeV__20_21_2

Energy GeV_ 20 21 _2

499
0.0001246
6.926e-05

241044357

MPV 8.955e-05 + 1.173e-06
Sigma 7.335e-06 + 8.557e-07

Energy_GeV__21_18_2

Energy GeV__ 21 18 2

250F—
Ei Entries
F Mean
200 Std Dev
E Constant
150 H
100

T TTTT

L L L
0.0005 0.001 0.0015 0.002 0.0025

Positrons @ 3 GeV

Entries 534
Mean 0.0001291
Std Dev 9.173e-05
Constant 4512 £1935.2

MPV 8.681e-05 + 1.989e-06
Sigma 5.27e-06 + 1.22e-06

0.0005

L
0.001

0.0015

L L.
0.002 0.0025 0.003

Muons @ 40 GeV

Use Landau location (MPV) as reference for conversion.
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MIP conversion CAL:@

No tungsten

Landau MPV distributions: 200 T GausTu=0.250:02, =i 1200
i aus fit y=9.26e-02, 0=4.04e-
e, e+, n 175 --- Gaus fit y=9.23e-02, 0=3.63e-04
e+ (509 entries, 93above 0.095)
® Gaussian fit on each case 150 | e (470 entres soabove 0095
| | mu entries, 38above 0.
® Some problematic fits 125 i
(backup) 100 i >1k hits per cell
® Work in progress 75 i
® At the moment: 0.0923 50
MeV /MIP
v/ 25

0 . . : :
0.085 0.090 0.095 0.100 0.105 0.110
Landau MPV parameter [MeV]
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Digitization

Raw simulation = info. resembling detector output, including readout effects

CALl@

Hits

Conversion
to MIP

Shaping

Gaussian
smearing

Conversion
to ADC

Time
smearing

® Hits: starting point from raw simulation.
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Map energy deposited to MIP scale.

Conversion to ADC, time smearing

Add smearing: noise term in detector cells/readout.

Simulate pulse shaping in the readout electronics + saturation effects.
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Skiroc2 readout (from datasheet)
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Two signal paths after pre-amp:

® One Fast Shaper
— Trigger threshold, time

® Two Slow Shapers
— Measure energy
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Shaping concept

e p-order CR-RC filter
A —t\" —
s(t,A) = — (X t) exp <—X t>
T

n! T
if x —t >0 (else, s(t,A) =0)

® Fast shaper: n=2,7=30 ns

Slow shaper: n= 2,7 =180 ns

Set of thresholds = retrieve times

Currently being prototyped...
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Hit amplitude

12 4

10 +

~
L

CALl@

—— Fast shaper
Slow shaper
BN Input hits

100

200
time [ns]

300

400 500
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Outline CAu(ed

Current prototype



Ready for the 2021 test beam campaign

Test bench 2018:

TIPP 2021 | Fabricio Jiménez (LLR/CNRS)

Beam test 4 layers: 2019 15 layers: 2020

15000 cells in r/o!

4layers, SLboard DAQ > 1avers, DIFDAQ

(LAL) . (I(yushu)l

Intermediate slots for Tungsten plates

® Rapid development of compact r/o electronics

® For the first time we have components at hand that could be
installed in a lepton-collider detector

® Ready for beam test in Mareh—2020Deeember2020May-2021,

Autumn 20217
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Ready for the 2021 test beam campaign CAu(ed

Ready for beam test in Marech-2020,Deeember2020May—202%, Autumn 20217

® >15 layers ready for beam test
e FEVI10, 11, 12, 13 and COB
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Summary

High-Granularity Self-Triggered calorimeters:

® Require high S/N ratio (here S/N ~ 12) ~ noise vs beam rate
® — More layers needed (ready since 2020)

Shower profile fitting:

® Encouraging preliminary results
® Will improve with 3D model (ongoing)
® Will be better at higher energies (CERN)

Simulation using DD4HEP model ongoing and mandatory for calibration

Digitization:
® Work in progress
® Mandatory to understand the time in showers

TIPP 2021 | Fabricio Jiménez (LLR/CNRS)

CAL(eo
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Backup



Resources - acknowledgements CAu(ed

Slides significantly borrow content from:
® Talks from Roman Pdschl:
e LCWS 21
https://agenda.linearcollider.org/event/9076/contributions/47664/
® Talks from Adrian Irles:

® |AS Program on High Energy Physics (HEP 2021)
https://indico.cern.ch/event/971970/contributions/4172179/

® | CWS '21 https://indico.cern.ch/event/995633/contributions/4261854/

® |LD meeting
https://agenda.linearcollider.org/event/9174/contributions/47746/

TIPP 2021 | Fabricio Jiménez (LLR/CNRS)
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Slab layout CAu(ed

PCB (FeV) Shielding

16 SK2ASICs <IN S
1024 channels i

Wafer (4) TN

Adapter board
- — (SMB)

Carbon+W U layout of a short slab
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Test Beam - configurations CALl@

The 2017 setup: three configurations with varying amounts of W in front of each slab,
e Conf. 1: 0.6, 1.2, 1.8, 2.4, 3.6, 4.8 and 6.6 X,
e Conf. 2: 1.2,1.8,2.4, 3.6, 4.8, 6.6 and 8.4 X,
e Conf. 3: 1.8, 2.4, 3.6, 4.8, 6.6, 8.4 and 10.2 Xj.

Positron beams of 1, 2, 3, 4, 5 and 5.8 GeV.

® Study of electromagnetic showers.

® Use this setup for comparison with simulations, where the digitization effects will
be included.
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Test Beam Showers - after selection

CA,I-!@

Number of hits

After selection

Hits passed per layer. Conf 2, 2GeV
Cuts: u +6.00, nhit_slab=5

104 4

103

102 4

# hits
passed: 871694 (0.87%)
total: 99855360
#events

passed: 32195 (4.04%)
total: 796349

1(1.2 Xo) 7.73%
2 (1.8 Xo) 13.16%
3(2.4 Xo) 16.23%
4 (3.6 Xo) 15.66%
5 (4.8 Xo) 20.54%
6 (6.6 Xo) 14.72%
7 (8.4 Xo) 11.97%

2 3 4 5
hit_energy flattened [mips]

23
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What's going on in the bump?

CALl@

¢ Landau mu > 0.095 MeV (i.e. the bump); fit works well but could be improved?
® \2/ndf high for cells 24_24 (where the beam is fired) in all layers

® Few fits not converging

Energy_GeV__24_25_4

Energy_GeV_24 254

1092
0.0001689

0.0001467

2125/158

0.002483

327.3£183
9.785¢-05 £ 7.505e-07
1.039¢-05 + 4.808e-07

MPV above 0.095 MeV

L I I
0.001 0.0015 0.002
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L
0.0025 0.003

Energy_GeV__24_24 4

Entries
Mean
Std Dev
%21 ndf
Prob
Constant
MPV
Sigma

Energy_GeV_24_24_4

218224
0.0001266
8.149e-05
5532 /305

0

1.055+05 + 3.6220402
9.23e-05 +3.556-08
7.619e-06 + 2.046e-08

Cell where beam is firing

| L I
0.0005 0001 0.0015 0002

L |
00025 0003
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“Integral” option in ROOT - chi2 CAu(ed

80 no_integral
551 entries

70 mean 3.43e+00
std 5.34e+00

integral

60 564 entries
mean 3.23e+00
std 5.01e+00

50

40

30

20

10

0

00 25 50 75 100 125 15.0 17.5 20.0
landau_chi2ndf

Check this, work in progress...
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Mass stopping power for positive muons (PDG) CAu(ed
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Muon momentum

Muon minimum ionization occurs at ~ 0.4 GeV



AHCAL Digi

CAu(ed

AHCAL Digitization
CaliceSoft

Light yield determined
from data: ~14 pixels/MIP

kg value of MPV value of pure
0.151mm/MeV landau: 481 keV/MIP

Fast shaping 15ns ~ 3x3 cm?to 6x6cm?
& slow shaping 50 ns  for the Tokyo layer

Done during Gain from data :
analysis ~16 ADC/pixels

DESY. | MC Production and AHCAL Digitization | Olin Pinto

Average value

of 0.3 pixels B(Nett pireis: P) Net pcis = 2668

Page 2
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