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Energy Calibration
Motivation and Definitions



ADC to MIP

« Raw hit amplitudes of the AHCAL channels
are measured in ADC units

= Need of physical energy scale: Energy
deposition in Minimum lonizing Particle
(MIP) equivalents

« Well defined energy deposition spectrum
of MIP’s (muons) in matter by ionization
processes

« Spectrum follows Landau-convoluted-
Gaussian function with maximum as
Most Probable Value (MPV) defining

the deposition scale for each channel

= Standard candle: No shower
assumptions required
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From ADC to the MIP Energy Scale

« Several calibration constants are required to perform the ADC to MIP conversion within the
reconstruction process:

(ADC — Pedestal)/IC (ADC — Pedestal)/IC

Ecalibrated [MIP] =fdesat (plxel) ’ MIP Pixel — Gain

With fyesus (Pixel) =1 for pixel < N, i.; for negligible SiPM pixel saturation

Pedestals MIP Constants Gain Constants IC Factors

Electronic base-line level Most probable energy  ADC units corresponding HG/LG amplification ratio
in ADC units deposition of a MIP in to one fired SiPM pixel
ADC units

* For each of the 21888 channels (350208 memory cells) individual constants to be determined!
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Calibration Procedure and
Results:

Pedestal and MIP Constants



Calibration Test Beam Muon Runs
@ SPS May and June 2018

« During SPS May and June beam time a muon beam
position scan was performed illuminating all channels:

= 40 GeV muons
= May: no Power Pulsing, June: Power Pulsing
= For both periods: ~18 positions, ~500000 events/position

= Scan pattern to cover all channels

= Combined data set of all positions provides
reasonable statistics for:

= Pedestal extraction (HitBit = 0, no physics hit)
= MIP calibration (HitBit = 1, physics hit)
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Pedestal Extraction

1. Fill histogram for each memory cell of a channel with HitBit = 0 ADC amplitudes ( = 16 histograms
per channel)

2. Two times range-iteration (range = mean = 3 - sigma)

3. Extract mean as pedestal
Chip, Channel, Memory Cell

Pedestal Spectrum Chip 256, Channel 1, MemCell 0

z_PEDESTAL chip2%_chni_celd

Entries 55055

Entries

6000 — Mean  489.6
- RMS 4.907
5000 —
40003—
Pedestal = Mean of pedestal spectrum - x 350208
Intrinsic Width = RMS of pedestal spectrum 3000
20003—
10003—
QlcTJo' | I4:|20I | I4-’-|10I | I4é0 I48|0I | I50[] I52|C|I I I5£|1[]I

Amplitude [ADC]
DESY. | CALICE AHCAL 2018 Prototype - Energy Calibration | DPG Aachen | Daniel Heuchel | 25. March, 2019 |



Pedestal Extraction Results _

» Total of 350208 memory cell pedestals and corresponding intrinsic widths (RMS) of pedestal spectra

mean_individual_memcell_spectra_all rms_individual_memcell_spectra_all
3 2200 m:"f - Igsoz(;e 4 = Enos 350208
2 - ntries 2 C i
= - M ay Mean 531.1 70000 M ay Mean 4.286
W 2000 Std Dev 33.8 w - Std Dev 1.292
1800 __ Underflow 17 60000 __ v “”}:: . 0
- Overflow 0 - g 1 Overflow
1600 — Integral  3.502e+05 C B
- 50000
1400 =
1200 — 40000
1000 — C
= 30000
800 -
600[— 20000
400 C
= 10000—
200 - J
: 1 1 I 1 1 I 1 1 I 1 1 1 I 1 1 I 1 1 1 1 0 C 11 | I 1 1 1 I |- I L1 1 I 11 1 I 11 | I 11 |
QOO 300 400 500 600 700 800 0 2 10 12 14 16 18 20
Pedestal [ADC] RMS Pedestal [ADC]

« Mean pedestal: 531.1 ADC « Mean RMS of pedestal spectra: 4.3 ADC

« Spread: 33.8 ADC + Tail to higher RMS from memory cells > 8
(excluded)
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Variation of Pedestal [Crammercovel]
Layer Pedestal Maps for SPS May Test Beam Data _anne eve

Pedestal Map Layer 5 Pedestal Map Layer 12
ped_i_over_j_k=5_pedestal_map_may18 ped_i_over_j_k=12_pedestal_map_may18

6507 6507
< — <
I o
6oo§ eoo§
& &

550 550

500 500

450 450

5 10 15 20 25 400 5 10 15 20 400

e Chip-to-chip variation of pedestal is dominant (not cell-to-cell or channel-to-channel variation)

DESY. | CALICE AHCAL 2018 Prototype - Energy Calibration | DPG Aachen | Daniel Heuchel | 25. March, 2019 | 8



Entries

MIP Constant Extraction

1. Fill histogram for each channel (memory cells 0-8 combined) with HitBit = 1 ADC amplitudes

= Memory cell specific pedestal subtraction

2. Apply 3-step Landau convoluted Gaussian fit

3. Extract maximum of fit function as the MIP constant for each channel

ADC Histo Chip000256 Chn00

2_histo_ADC_Chip000256_Chn00

B Entries 19823
J00l— Example MIP spectrum | vean 2925
L Std Dev 164.4
L ‘ Underflow 77
— |‘| | Overflow 0
80— : U‘ Integral  1.975e+04
- e
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Amplitude [ADC]

MIP Constant = Most Probable Value (Maximum)
of Landau convoluted Gaussian fit
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MIP Calibration Results _
For SPS May Test Beam Data
- 21868/21888 MIP constants considered as ,,good”

=~99,92 %

= 6 dead, 14 empty or non-Landau shaped spectra
causing fit fail

= Mean MIP value = 228.2 ADC
= RMS MIP value = 30.86 ADC

mip_i_over_j_k=12_mip_map_may18_n
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Pedestal and MIP Constants
Comparative Studies



Comparative Studies of Pedestal and MIP Constants

» |dea: Perform pedestal extraction and MIP calibration individually for different muon runs for
overlapping beam positions

= Compare acquired constants for same channels

have to recalibrate?

= Check stability in different detector modes

« Sets to compare:

1. Two consecutive runs

2. Two runs at beginning and end of a test beam period
3. May vs. June muon runs, no PP

4. June muon runs in no PP mode vs. June muons runs in PP mode
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Two Consecutive Runs

pedestal_all_difference_short_time_diff_run60307_vs_run60308
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+ Difference within 1 ADC and centered at 0 ADC
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mip_quotient_mip_difference_short_time_diff_run60307_vs_run60308_noPP

= Pedestal and MIP constants stable on short time scale

DESY. | CALICE AHCAL 2018 Prototype - Energy Calibration | DPG Aachen | Daniel Heuchel | 25. March, 2019 |

EMIP: Run60307 / Run60308 G 3778
- Std Dev  0.03898
- Underflow 0
Z Overflow 0
:— Integral 3778
: 1 1 | | | | | | | | | 111 1 | 1 L | I

.8 1.1 1.15 1.2

MIP Constant Ratio

Ratio centered at 1 and RMS ~4%
Relatively good agreement between runs even
though single runs feature low statistics
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Run Beginning and End of Test Beam Period

pedestal_all_difference_long_time_run60263_vs_run60943

mip_quotient_long_time_diff_run60263_vs_run60943_noPP

g FPedestal: Run60263 - Run60943 |Enties 11518 g - MIP: Run60263 / Run60943 Entries 2697
€ 3000 — Mean 0.05784 c 160 Mean 1.001
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2500 — C Overflow 0
L B Integral 2697
B 120_—
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-20 -15 15 20 Bs 8 0.9 0.95 1 1.05 1.1 1.15 1.2
Pedestal Difference [ADC] MIP Constant Ratio
» Difference within 1 ADC and centered at 0 ADC « Ratio centered at 1 and RMS ~3.7%

« Relatively good agreement between runs even
though single runs feature low statistics

= Pedestal and MIP constants stable on long time scale within same beam test period
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Muon Runs May vs. Muon Runs June, no PP

pedestal_all_difference_may_set_vs_june_set_noPP

pedestal_all_difference_may_set_vs.

mip_quotient_may_set_vs_june_set_noPP

mip_quotient_may_set

_vs_june_set_noPP

8 1400 Entri 21;37 3 700¢ Entries ;3(;72
2 "I Pedestal: May - Jyne erires 21887 g F MIP: May/June o s
B 1200 - StdDev 2145 . StdDev  0.02714
L B Underflow 1
- = Overflow 3
1000 - 500 :_ Integral 8068
800_— 400:—
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400 200/
200 100
0 v b L il B B I BRI B R :IIII|IIII|LI v v v b v v by gy T B
-20 -15 -10 -5 0 5 10 15 20 83 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
Pedestal Difference [ADC] MIP Constant Ratio
« RMS > 2 ADC and shift of mean to ~ -0.6 ADC « MIP ratio off by ~1% and RMS ~2.7%

= Relatively good agreement between May and June

= New test beam period (same detector mode): New pedestal determination recommended, but

MIP constant stable
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Muon Runs June No PP vs. PP

Entries

pedestal_all_difference_noPP(all_june)_vs_PP(all_june) mip_q uotient_june_noPP_vs_PP
B Entries 22463 3 B E : . ;15;19
1000—_Pedesta|: noPP-P Mean 1418 '% - MIP: no PP/ PP MZ::S 1.043
i StdDev  2.084 W gool— StdDev  0.03242
- B Underflow 0
- L Overflow 1
800— 400 o Integral 8148
600 — 300 -
400 — 200(—
200|— 100[—
_1 o v L (IR RN IR R A | N B R R I R B cov o b b By e
920 -15 -10 -5 0 5 10 15 20 8.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
Pedestal Difference [ADC] MIP Constant Ratio
« RMS > 2 ADC and shift of mean to ~1.4 ADC * MIP ratio off by ~4.3% and RMS ~3.2%

= \\Nell understood electronic effect in PP
mode (shifted ground)

= Different detector modes: Individual pedestals recommended, MIP constants required

DESY. | CALICE AHCAL 2018 Prototype - Energy Calibration | DPG Aachen | Daniel Heuchel | 25. March, 2019 |

15



Closing the Loop:

Quality Check of Calibration
Constants with Test Beam
Muon Runs



MIP Peak Position Check

* |dea: Reconstruct the deposited hit energy in muon runs with the

determined calibration constants :
Quality check of Pedestals
= Does the hit energy spectrum peak at 1 MIP? and MIP constants

= Check for May and June test beams on global, layer and channel level

Previous DESY electron calibration constants for May muon runs

ahc_hitEne rgy_zoo m_all_channels run_60250_old_constants_hitEnergy_perModule_vavilov_mpvs
_§ 60000/ __htemp_hitEnergy_zoom _§ Nl Entries 38
€ : Entries 9770499 € - Mean 0.9437
w - g"tzag 018-222 wor StdDev  0.04048
- ev . -
50000 — 2 / ndf 331.6/121 5/— gnd:flow 8
C Kappa 0.757 = 0.096 C verflow
- Beta2 1201 - Integral 38
40000— Mean 1.523 = 0.023 4 __
- Sigma 0.4252 = 0.0073 -
L vavis 1.151e+05 + 2.058e+03 r
- —— Data ~
30000 — —— Vavilov Fit 3=
= ‘avilov. =0.942 :
20000[— — —
- MPV = 0.942 MIP 2r
10000 1
O_IIII 1 1 1 1 _IIHIHIII|_‘|TIIIIIHIIHIIIIIIIIIIIIIIII
0 1 2 3 4 8.8 0.85 0.9 0.95 1 1.05 1.1

5 6 1.15 1.2
Energy [MIP] MPV [MIP]
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MIP Peak Position Check - Global and Layer

Layer Level (all hits of a Iayer)

full_muon_scan_may18_pedmem_hitEnergy_perModule_easy_langaus_mpvs

Global Level (all hits of all channels)

ahc_hitEnergy_zoom_all_channels

E C htemp_hitEnergy_zoom
-£70000 — Entries 9922732
w - M ay Mean 1.434
- RMS 0.8669
60000 —
C 2/ ndf 128.9/116
r Width 0.1127 = 0.0010
50000 MP 0.903 = 0.000
r Area  7.315e+04 = 1.201e+02
C GSigma 0.2404 = 0.0012
40000 —
I —— Data
C —— Langaus Fit
30000 — MPV| s = 0.999
20000 MPV: 0.999921
— L] L]
10000

o
-
N

5 6
Energy [MIP]

Entries

ahc_hitEnergy_zoom_all_channels

60000

50000

40000

30000

20000

10000

June

htemp_hitEnergy_zoom

Entries 9081437
Mean 1.439
RMS 0.8698
%2/ ndf 135.6/116
Width 0.1125 = 0.0011
MP 0.9036 + 0.0002

Area 6.676e+04 + 1.197e+02

GSigma 0.2447 + 0.0013

—— Data

—— Langaus Fit
=1.001

aaaaaaa

oC>

5 6
Energy [MIP]

Entries

e Calibration constants extracted for SPS May and June test beam provide excellent

muon energy reconstruction on the per-mille level
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Entries

MIP Peak Position Check - Channel

Channel Level

N Data
soo0— With _I: Envies  21866| o Hit energy extraction procedure done for
— . Mean 1.003 : Nt
- MIPTrackFinder | | ST T all individual channels
4000(— 32:2 L MC = MPV of Landau-Gaussian fit
- = Entries 21803 . .
B — il s ot extracted and put into histogram
3000 — Std Dev  0.01583
2000/— - = Most channel spectra peak around 1
- MIP (mean = 1.003 MIP)
1000 = Excellent agreement with MC
[ L simulation concerning mean and width
_l Ll 1 l - . - l | V- - | - l L1 1 | —— I | I | I
8.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
MPV [MIP]
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Summary and Outlook

A fully scalable AHCAL for a future e+e- collider will be a highly granular SiPM-on-tile calorimeter
optimised for the Particle Flow Approach (PFA)

* In 2018: 3 successful test beam campaigns at the SPS with a 38 layer (~22000 channel) AHCAL prototype
 All calibration constants required for the energy reconstruction of ADC to MIP were determined
= Stability in time and detector mode, uniformity and variations investigated, effects understood

= Quality of extracted constants verified in reconstructed test beam runs

« Dedicated calibration allows to start electron and pion shower studies

= Energy linearity/resolution, shower shapes, PFA shower separation and confusion, etc...
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Backup
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ILC, ILD and Particle Flow
Approach



The International Linear Collider and Large Detector

The Precision Frontier

* International Linear Collider (ILC) » International Large Detector (ILD)
= Most mature concept for an et*e- linear = Large time projection chamber (TPC)
collider and silicon tracker
= s = 250 GeV (upgradeable to 1 TeV) = Highly granular calorimeters within the

. solenoid magnet
= Polarised beams 9

* Precision measurements of Higgs boson quantities at the ILC

= e. g. model independent measurement of coupling and full width
from Higgsstrahlung process with recoil mass technique
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Higgs Boson Production Modes at the ILC
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Particle Flow Approach (PFA)

« Requirement at the ILC: Jet energy resolution of 3-4 % for jet energies between 40-500 GeV
- Typical jet composition of 70 % hadrons measured with limited hadronic energy resolution ~60%/~E
= PFA: Measure energy/momentum of each particle with detector providing best resolution

= 62% charged particles = tracker, 27% photons = ECAL, 10% neutral hadrons = ECAL + HCAL

= Highly granular calorimeters required: Energy deposition to track assignment, identifying
neutral hadrons to avoid confusion

tracker ECAL HCAL tracker ECAL HCAL
{ aun E=El=-: i ooo §8§o802
p ----.---== ======ll p i DDDDDDDDgg 88888800
) ) T — lwE222 R T — RN e
¥ )| I—— e JeeecalimlS= | 0l...... AT I—

E = Egca + Eyca Patticle FlowE = Egcal + Encar * Evacker
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Pandora Particle Flow Algorithms

10
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L ] 1 L} 1
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—_—
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Particle Flow (ILD+PandoraPFA)
Particle Flow (confusion term)
Calorimeter Only (ILD)

60 % /\ E(GeV) ® 2.0 %

arXiv:0907.3577

200 300 400 500
E./GeV
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Structure of Hadronic Showers

® FElectromagnetic component from 1°,n
scales with X, ( X,= 1.757 cm in Fe)

® Hadronic component
scales with A_(A_=16.77 cm in Fe)

® |nvisible energy

® Nuclear binding energy, target recoil T[i
o
Neutrons >
nucleus ™~
< >
A

® Complex time structure

® |nstantaneous component (em, relativistic charged hadrons)

® Delayed component (few ns up to us)
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The Analog Hadron Calorimeter (AHCAL) @ ILD

Detector Concept
« Highly granular sampling calorimeter for the International Large Detector

= Total of ~8 million single channels: Wrapped scintillator tile coupled to SiPM readout

« HCAL Base Unit: 36 - 36 cm? featuring 4 ASIC’s reading out 144 channels
= Slabs of 6 HBU’s with up to 3 slabs per layer, total of ~55000 HBU'’s

* Fully integrated detector design to octagonal cylinder

= Front-end readout electronics, internal LED calibration system, no cooling within active layers

Ethernet uplink,
clock, control

dssette

Front-End ASICs

HCAL Base Unit (HBU)
(144 channels +
4 SPIROC ASICs)

absorber structure

a ector

DAQ interface boards
DIF, CALIB, POWER
on Central Interface Board

LDA (2x48 layers Sector Connecting Plate (10cm),
control interface) i g;4a_Module ECAL cableshaft

HCAL cableshatt Interface Board H B U

DESY. | CALICE AHCAL 2018 Prototype - Energy Calibration | DPG Aachen | Daniel Heuchel | 25. March, 2019 |




The AHCAL Technological Prototype 2018
« 38 active layers of 72 - 72 cm?2 alternating with ~1.72 cm thick passive steel absorbers (~4 An)

« 1layer =4 HCAL Base Units (HBU’s) = 16 ASICS (SPIROC2E) = 576 SiPM-on-tile channels
= Total of 608 ASICS, 21888 channels

« Goals: Scalability of SiPM-on-tile calorimetry, reliable
detector operation and studies on energy linearity,
resolution and shower shapes/separation (PFA)

38 layers within steel absorber stack

P e ; T

44 H M
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Introduction
The Current AHCAL Prototype

« Technological prototype with integrated readout electronics
« 2016/2017: Building and Testing
* In 2018: CERN SPS test beam in May and June

Calibration!

e e T

otal: 21

« 38 active layers with 72*72 cm?  Per module: 4 HBUs

i e el e = 16 ASICS, 576 channels ~ + Surface-mount SiPMs

368 channels >

e

= 20668 pixels
= Qperation: 5V Uover
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The AHCAL Readout Chip SPIROC2E

Signal Processing

* One chip reads out 36 channels ad
1.5p -1pF-1.5pF Slow Shaper__anai0g memo
 If signal amplitude of one channel i "
exceeds threshold, amplitude of all Low gain 0 -100ns
B Depth 16

] I_ Preamplifier

—— —

36 channels is stored (auto-trigger)

Slow Shape

for increased dynamic range

——}  o.1pF15pF
AT N Charge
 Each channel features 16 analog ‘TIFF Z100ns b measurement
P
buffers (memory cells) . T - HOLD _READ
IN High gain Fast Shaper
. . i ) Preamplifier 4» Varigble delay
« High gain and low gain signal path ( i THigger

Flag
v y Depth 1 TDC
4-bit threshold SHH He H T HH H
DAC output adjustment 5. HH H

/ ma| H =
un ety o s emnn rebe, = Analog

« TDC ramp to store timing information

of each hit Commaninhes E 10-bit DAC ;g.f:n;%"& i L
 Power Pulsing mode possible for : i
reduction of power consumption Readout schematic for one channel

DESY. | CALICE AHCAL 2018 Prototype - Energy Calibration | DPG Aachen | Daniel Heuchel | 25. March, 2019 |



Power Pulsing Mode

Definition of Operation Modes

bunch train: "
1ms
HHH‘H éq[r)ns readout: up to 150ms detector sleep HHHHH
« In physics mode the detector is running in R R | [orsedntivien @ Asic sot) | FF TUL— |
SP2B / SP2E
* In LED calibration mode detector is running in Ida0_portt_module2
ETHG (External-trigger, High-Gain) "y 2 _FCALICE work in progress f*
- Power Pulsing mode (PP) is used to reduce “a‘: pd NN
¢ T 8 E
power consumption between bunch trains of ILC £ i
so? ! MS‘ 30
= ALWAYS ON mode for testing purposes -
 Temperature compensation is frequently 2 NESLENSS BT NNFI RN S RN TR T By Yuji Sudo
adjusting bias voltage of SiPM’s according to i da0_portl_module?_chipS12_chn0
temperature in layers to stabilise gain and Gain &« oo erinprooress e g
photon detection efficiency *4 / s
no HV adjust T v’ f . ¢ ;32 £
15 s \ ]
= — - s\ e
Vover - Vbias Vbreakdown(T) S d \,c\ ~T T \:30
E reference HV setting 228
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MIP to GEV and Software Compensation

MIP to GeV factor extracted from MC simulation for
electron/positron beam
= Extract slope: Reconstructed energy [MIP] / beam
energy [GeV]
= Example: 1 GeV =~ 42 MIP

Last step: Software compensation

AHCAL is a non compensating calorimeter:  Absorber

= Higher detector response for electromagnetic

compared to hadronic showers £ 5 |
h B

= Software compensation: Apply specific energy |

weights to compensate for EM/hadronic

detector response
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Ereco [GeV]

] R —
B A Wye = (420 04) MIP/GeV
L o w,,=(423=0.4) MIP/GeV
50 :_ v data w/o saturation correction yﬁ"' .
40F y
30 =
20 E
10F E
Qb AR o
0 10 20 30 40 50 60
beam [GeV]
EM
COMPONENT
(denser)
HADRONIC
COMPONENT

(invisible component)



The CALICE AHCAL Test Beam
Campaigns 2018



The AHCAL Test Beam Campalgns 2018

May, June and October @ SPS Cern

 May: 38 AHCAL main layers

« June: 39 AHCAL main layers + 12 single
HBU'’s as tail catcher

» QOctober: 39 AHCAL main layers as CMS
HGCAL tail catcher

= wQCtObé ft‘*‘ =

« Data sets:
= Muons for calibration purposes
= Electron and pion energy scans

S | | AHCAL
= | ED gain calibration runs main stack
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Overview Calibration Procedure

Raw RunX.slcio file:
EUDAQ - nHits
| — | - hit amplitudes
'~ | EventBuilding |- ChipIDs, channels
RootTreeGenerator
processor
RunX.root file:
- nHits
- hit amplitudes
- ChiplDs,
channels
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* New calibration procedure simplified and
automatized for calibration of all 38 layers

at once

at_pedestals.tsv file:

- List with pedestals DB
and errors for

channels/memorycells

mip_fits.tsv file:

- List with MIP
constants, fit
parameters and
errors for channels

l

DB




Pedestal Extraction Results

Channel Level

Total of 21888/22464 channel pedestals (from memory cell 0-8) and corresponding RMS of pedestal spectra

Entries

pedestal_all_distri_muon_scan_tbmay18

pedestal_all_distri_muon_scan_tbjune18_HCAL

- oo o= Mean pedestal: 530.4 ADC (May),
2ol 528.4 ADC (June)
- May - no PP June - PP Spread: 33.3 ADC (May), 33.9
oof- ADC (June)
2o Total min-max variation within ~1
B B R R R T 706500 ;;dgé?;l ‘[/;D%COIOO M I P
Pedestal [ADC] B
_ S Mean RMS of pedestal spectra: 6.6
o B R T ADC (May), 6.5 ADC (June)
2500:_ 2000;
May - no PP June - PP Includes intrinsic width of pedestal
3 ol and cell-to-cell variation of mean
= No tail, no outliers

RMS Pedestal [ADC]
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Pedestal Anomalies

rms_individual_memcell_spectra_range_14

Memory Cell Level

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 C Entries 21888 8 &
£ - Mean 3.823 k< o
& 60001 cabey 04106 W0 2500
L Underflow 0 |
B Overflow 0 B
5000 — Integral  2.189e+04 ;
L 2000
4000 Only Memory Cell 0 i
C 1500 —
3000/— -
- 1000|—
2000 C
1000(— 500
P R I R AN PN AR IS A B o{
0 2 4 6 8 10 12 14 16 18 20 0 2 4

Only Memory Cel
(May)

Entries
Mean
Std Dev

4 erflow 4

RMS Pedestal MemCell 0 [ADC]

« Memory cell 0-8 fine, 9-15 larger intrinsic width
= QOrigin: Second peak at higher ADC value
= Not seen in physics/MIP signals
= Effect more dominant in PP mode (June)
= Use individual pedestals of memory cell 0-8

= For memory cell 9-15 use average of 0-8

10 12 14 1

RMS Pedestal Me

18

6 20
mCell 14 [ADC]

One entry

r

2000

Entries

1800

1600

1400

1200

ms_individual_memcell_spectra_13
Er;tries - 72246;4
Mean 8.615

Std Dev

Only Memory Cell 7
(June)

120

10

S

80

60

N

0

20

Pedestal Spectrum Chip 9731, Channel 10, MemCell 14

L0
300
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1000
800
600
400
200 L
RMS Pedestal Spectrum MemCell 13 [ADC]
One entry
Pedestal Spectrum Chip 1029, Channel 32, MemCell 13
. _ e

mow s oo om o b
o S & 5 8 & o 95
|||||||||||||||||||||||||||||I|||||||||||||||

=l

=]

& | overfiow  1.48e404

v Qoo doka ey

Std Dev

1457
7.
430.5




Pedestal Variations

Cell-to-cell variation
memcell_pedestal variation_rms_0_15

mamcell_pedestal_variation_rms_0_15

500

400

300

200

100

IIII|IIII|IIII|1III||III|IIII||III|II

Entries 21888
Mean 5.101
Std Dev 1.264

RMS of pedestals of
memory cell 0-15
One channel - one entry

Mean RMS: 5.1 ADC

OO

10

15

| | 11 1 | | 11 1 ‘ 1 111 1 1 1 1
20 25 30 35 40
RMS of MemoryCell 0-15 Pedestal [ADC]

Entries

Memory Cell Level

« How is the cell-to-cell and channel-to-channel variation of the memory cell pedestals?

Channel-to-channel variation (for cell 0)
Memcell 0 channel_variation_rms

40

35

30

25

20

15

10

IIIIhIIII

Entries
Mean
Std Dev

8.331
1.213

RMS of pedestals of memory,
cell 0 for channel 0-35
One chip - one entry

Mean RMS: 8.33 ADC

OO

5

10

15 20 25 30 35 40
RMS of Memcell 0 Pedestals for 36 channel of a Chip [ADC]

= Both in same order, close to mean intrinsic width of the pedestal spectra of ~ 4.3 ADC

= Dominant: Chip-to-chip variation of ~ 34 ADC
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Entries

MIP Constants

mpv_error_distri_muon_scan_tbmay18_good

mpv_error_distri_muon_scan

_tbmay18_good

21870
1.495
0.7473
0

I~ Entries
- May - no PP e
B Std Dev
250 — Underflow
200—
150 —
100|—
50—
O _I 1 1 | | | | | I T |
0 1 2 3 4 5 6 7 8 9 10

MPV Error [ADC]

mpv_error_distri_muon_scan_tbmay18_good

mpv_error_distri_muon_scan_tbmay18_good

Entries
—
(0]
o

-
(o)}
o

140

120

100

80

60

40

20

(@)

Entries 22016
June = PP Mean 2.311

| o L 1 L T N [ TN N

o

1
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2

3

4

5

6

7

Std Dev 1.419
Underflow 0
Overflow 289

Integral 2.173e+04

8 9 10
MPV Error [ADC]



MIP Constants

—Entries

o
o
o

800

600

400

200

landau_width_distri_muon_scan_good_tbmay18

JLIIIlIIIIlIIII|IIII|IIII|IIII

May - no PP

landau_width_distri_muon_scan_good_tomay18

10

20 30

40

50 60 70

80

Entries 21868

Mean 23.4

RMS 4.237

Underflow 0

Overflow 2
a0 100

Landau Width [ADC]

landau_width_distri_muon_scan_good_tbjune18

landau_width_distri_muon_scan_good_tbjune18

(7]
Ko} : Entries 22013
2800 — June - PP Mean 21.28
e RMS 6.183
700 Underflow 0
Z Overflow 0
600
500 —
400—
300
200
100
0:III|IIII|IIII|III r-.LLLIlIIII|IIII|IIII|IIII|IIII
0 10 20 30 40 50 60 70 80 90 100
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MIP Constants

gaussian_width_distri_muon_scan_good_tbmay18

lgaussian_width_distri_muon_scan_good_tbmay18|

[72]
Q B Entries 21868
£ F May - NO PP |vean 55.16
W600I— RMS 7.516
B Underflow 0
500 :_ Overflow 0
400[—
300[—
200[—
100
0 B 1 1 1 1 | 1 1 1 | 1 1 1 | 1
0 100 120 140

Gaussian Width [ADC]

Entries

gaussian_width_distri_muon_scan_good_tbjune18

lgaussian_width_distri_muon_scan_good_tbjune18

B Entries 22013
500— June - PP |wvean 52.97
B RMS 9.362
- Underflow 0
B Overflow 0
400—
300—
200—
100—
O B 1 b | 1 | 1 1 1 | 1 1 1 | 1
0 100 120 140
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MIP Constants

Entries

1200

1000

800

600

400

200

chi2_over_ndf_distri_muon_scan_tbmay18_good_tbmay18

May - no PP

I—.l_l.J_II|_IIJIJLIJL

Entries
Mean
RMS
Underflow
Overflow

21868
1.569
0.3862
0

0

0 0.5

1

1.5

2

2.5

3

3.5

4

4.5 5
Chi2/Ndf

chi2_over_ndf_distri_muon_scan_tbmay18_good_tbjune18

hi2_over_ndf_distri_muon_scan_tomay18_good_tbjune18

v =
R0} - Entries 22013
§200__ June - PP Mean 1.349
- RMS 0.2369
2000 C Underflow 0
1800 — Overflow 0
1600 —
1400 —
1200 —
1000 —
800—
600—
400
200—
0:|||||II |IIII|IIIII I_l_.|_||_IJLI|IIII|IIII|IIII
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Chi2/Ndf

DESY. | CALICE AHCAL 2018 Prototype - Energy Calibration | DPG Aachen | Daniel Heuchel | 25. March, 2019 |




MIP Correlations

Comparative Studies

mip_correlation_tb_june_ahcal_noPP_PP

— 400
O - .
2 [ MIP correlation: Run60307 / Run60308
o [ :
& 350—
s [
cl -
3 -
T 300{—
Fhans
=
> -
- C
S 250
200
150~
109_I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
00 150 200 250 300 350 400
MIP Value Run_60307 [ADC]
mip_correlation_tb_may_june_ahcal_noPP_noPP
o 400_
2t MIP correlation: May / June
Y 350 —
e F
> a0 —
s |
& -
s 250_—
200 —
150{—
10:....I....I....I....I....I....
?OO 150 200 250 300

350 400
MIP Value May noPP [ADC]

_ [ADC]
w w B
o a o
o o o

MIP Value Run_60943

n
a
o

200

150

mip_correlation_tb_may_long_time

MIP correlation: Run60263 / Run60943

10900I I

150 200 250 300 350 400

MIP Value Run_60263 [ADC]
mip_correlation_tb_june_ahcal_noPP_PP

N
o
o

w
a1
(=]

300

MIP Value June PP [ADC]

250

200

150

MIP: no PP / PP

10%)
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IC Constants

Comparison

350

300

250

200

150

100

50

histo_ratio_june_ov_may

IIII|IIIIIIIIIlI[lIlIIIIIllII|IIII|I

histo_ratio_june_ov_may

Entries
Mean
RMS

1545
1.001

0.02337

histo_ratio_dly ov_slopeFinal

[
|IC_dly/IC_slope

2000
1500
1000

500

IIIIIIIIIIIIIIIIIIIII

1

histo_ratio_dly_ov_siopeFinal

Entries 10366
Mean 1.004
RMS 0.01821
Underflow 0
Overfiow 0

Integral  1.037e+04
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Entries

ADC Jump Studies for MIP Spectra

« Extract the RMS of all MIP spectra for problematic memory cells 14 (May) and 9 (June)

= (Check for outliers, which would indicate bumps in Landau-Gaussian spectrum:

mip_spectra_rms_distri_muon_scan_tbmay18_memcell_14 mip_spectra_rms_distri_muon_scan_tbjune18_memcell_9
400 — Entries 21882 _§ 240 - Entries 12722
= Mean 175 E 200 Mean 167.7
- Std Dev 24.66 - - Std Dev 28.47
350 — M ay no P P Underflow 0 200 J une P P Underflow 0
- Overflow 0 Overflow 0
300 Memory Ce" 14 Integral  2.188e+04 180~ Memory Ce" 9 Integral _1.272+04
- 160~
2501 140—
200 :_ 120 :—
- 100
150 — C
- 80—
100 — 60—
E 40—
50— -
= 20—
0 I L P R Ju 1 1 1 1 dos. - Il O : - Il 1 1 1 1 1 1 1 1 1 1 I 1 1 Al Il Il
0 50 100 150 200 250 300 0 50 100 150 200 250 300
RMS MIP Spectra [ADC] RMS MIP Spectra [ADC]

* No ADC jumps observed in MIP physics spectra as for pedestals!
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Calibration Procedure and
Results:

Gain and Light Yield



Gain Calibration By Olin Pinto

Procedure and Results

Integrated LED system: llluminate the SiPMs with short-length light
pulses for measurement of single photon spectrum (ETHG)

= Memory cell specific pedestal offset correction

= Apply multi-gaussian fit to extract the distance between the
photon peaks as the gain in ADC (ADC ticks corresponding to
one fired pixel)

Gain Correlation of May and June

n
—

» Extracted gain for 94% (May) and
98% (June) of all channels
= Mean gain: 16.6 ADC for both *
periods
= \ery stable within and across
test beam periods due to reliable
temperature compensation

Gain_June
n
(=]

—_ — — - —
e w » ~ [e<]

N_IIIIlIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII

w

* Chip-to-chip variation (~1.05 ADC) is L
the dominant spread Lo G ey

-
N )
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Entries

700

600

500

400

300

200

100

o

ADC Spectrum Chip 525, Channel 31, V#calib 5500mV

C 2 . z_ADC_chip525_chn31_5500mV
- pe gain Entries 32240
» Mean 5421
- = 3 pe Std Dev 2948
- X2 / ndf 93.76 / 88
C p1 15.8 +0.0
C pg 493.2 +0.1
— p 203.9+6.0
- 1 pe 4 pe p4 3.414 + 0.110
- 543.9+95
— 3.428 + 0.050
- 769.6 + 11.8
o 3.596 + 0.044
— 715 + 10.6
o 3.814 + 0.049
C 541.4+96
- 3.828 + 0.061
- 0 pe 336.9+7.8
L 4.023 + 0.091
f edestal 179.3+5.4
- J 4.149 + 0.148
n 11 I 111 I 11 1 I 111 I 111 111 I T l Ll 1 l ol 1

\||||I|\||IIII|

11 1 1 1
480 500 520 540 560 580 600 620 640 660 680

ADC counts

Gain of layer 12 May

[Dav] ules



Light Yield By Olin Pinto and Daniel Heuchel

Results

« Definition: Most probable amount of fired SiPM pixels per incident MIP LY, = MIP,/Gain,
= |ndependent of SiPM or ASIC amplification, purely ,optical"

« Mean light yield of main AHCAL channels: ~13.8 pix/MIP, RMS: ~ 1.6 pix/MIP
= RMS LY/Mean LY = 11.6%

= Light yield map of the detector channels shows slight inhomogeneities (different types of tile wrapping)
light yield of layer_12 May

light yield of AHCAL - May data

9 Tydist ” <
IS —_
S120f May Y g
lfl Entries 21869 =
100 B Mean 13.8 3

: Std Dev 1.638

80 [ Underflow 0

[ Overflow 0

60fF Integral  2.187e+04

40f

20f

20 25 30 = ‘
Light yield [pix/MIP] L ‘
|
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Calibration Procedure and
Results:

HG/LG Inter-Calibration and LG
Pedestals



HG ADC (Pedestal subtracted)

s 8§ B B
o g 8 8 8
IlIIIIIIIlIIIIIIIIIIIIIIIIII

g

o

High-Gain/Low-Gain Inter-Calibration

SPIROCZ2E: High gain and low gain signal output

= Inter-calibration (IC) factors required for smooth transition
between HG and LG hit energies

Consecutive LED runs with different LED voltages for HG or LG
mode in all channels

= Measure resulting slope: IC = dHG ADC / dLG ADC
= Mean IC =19.4 (RMS =0.66) ->1 MIP (LG)=~12 ADC

graph_IC_module1_chip3_chn35

dLG ADC

dHG ADC

b

L
150

L L L L
200 250 300

LG ADC (Pedestal subtracted)

ADC

HG

v\LliD Runs

LG

] »
T »

5 Energy [MIP]
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By

hit energy

Hi

Yuji Sudo

gh Gain

Low Gain

\\/ MIP

= : =
histo_ic_dly_slopeFinal
histo_ic_dly_slopeFinal
- Entries 14842
1800 — Mean 19.41
C RMS 0.6837
1600 Underflow 0
- I C fa C tO r Overfiow 0
1400 — T B J Integral  1.434e+04
1200 une
1000~
800
600
400
200
0 l Lvw w0 | L [ .
(] 5 10 15 20 25 30




Low-Gain Pedestals By Yuji Sudo W

HG Pedestal X

Extraction Procedure and Results
LG Pedestal First Try

« After inter-calibration hit energy spectrum still not smooth

= LG pedestal differs from HG pedestal LG_offset_hitbit01

= |G pedestal (hit bit = 0) differs from LG pedestal (hit bit = 1)

HG Pedestal
 LG_Ped1(ATAG) = + LG_offset_hitbit01 LG Pedestal

. LG_offset_hitbit01 = [LG_MIP1(ATIC)-HG_MIP1(ATIC)]/IC - LG_PedO(ATIC)

ahc_hitEnergy {ahc_hitK==2&8&ahc_hitl==128&ahc_hitJ==1288ahc_hitType>00&&ahc_hitType>200&8ahc_hitType% 100==1}
ahc_hitTime {ahc_hitk==28&&ahc_hitl==12&&ahc_hitJ==12&&ahc_hitType>99&&ahc_hitType>200}

= et E Entrie:n = 263
. |\E/|r:2r? ) 825377.‘71 - L G Mean 570.9
- H G RMS 1385 - RMS 8.678
pedestal o pedestal
el hit ATIC Muon - hit

TB May 2018 -
: ” all memory 0E memory cell 1

a:oo 500 e I.h soo oo 10 HIIIH{ 1400 15' H b o bl 'HH' 'H - 'H 'H' v L

HG output (ADC) LG output (ADC)
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Closing the Loop:

Quality Check of Calibration
Constants with Test Beam
Electron Runs



High Gain/Low Gain Transition Check

« |dea: Reconstruct the deposited hit energy in 100 GeV electron runs (May)
with the determined calibration constants

= Smooth transition for HG and LG part of spectrum? Quality check of LG Pedestals
and HG/LG IC factor

= Check on global and layer level

Older calibration constants and LG = HG pedestals for May electron runs

ahc_hitEnergy ahc_hitEnergy {ahc_hitK == 2}
x10° _
E ok Global Level |~ Low Gain = 14000~ Layer Level |— LowGain
250; — High Gain 12000~ — High Gain
- — Both Gain - — Both Gain
- 10000
200 -
- 8000
150(— -
- 6000
100/~ -
- 4000—
50;* 2000(—
o: T J———.—r-h".".'".‘l—‘._: P T e P o T S 0: .:' l o -
0 1 2 3 4 6 7 0

8 9 10 8 9 10
Energy [MIP] Energy [MIP]
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High Gain/Low Gain Transition Check

ahc_hitEnergy ahc_hitEnergy {ahc_hitK == 2}
x10°
8 . 3 u .
E300:— Global Level — Low Gain = 14000 Layer Level |~ Low Gain
- — High Gain 120001 — High Gain
250 -
- — Both Gain 100003_ — Both Gain
200{— -
- 8000{—
150 {— -
- 6000 —
100~ 4000{—
50— 2000{—
0: M SRR I A 0: L Ll
0 7 9 10 0 1 2 3 4 5 6 7 8 _ 9 10
Energy [MIP] Energy [MIP]

« HG/LG transition smooth with extracted LG pedestals and IC factors
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Calibration Procedure and
Results:

SIPM Saturation and Dynamic
Range



SlPM Satu rat|0n By Olin Pinto, Sascha Krause -
2500 —
3 T
X B
_g' 2000_—
« SiPM S$13360-1325PE has finite amount of pixels: 2668 2 r
+* L o
. agn . . 1500 — ¢ H
= \ery high energy depositions (high number of photons) will - Saturation _
lead to SiPM saturation since fired pixels have not recovered ) |
1000 j S 51336vo -1325PE U,,,,: 56100 mV, i : 1.007
= Apply a de-saturation function to enable linear SiPM response: -
500— . —_— FITExp: N :2552‘7:‘*3.5\121NDF:221,87/125
. . pixelsat E «"/ FilAdv.\g: 0.00‘»0.02|.:2:o.94+~0.00|xT: 0.01 +-0,00’\:‘2/ND|-=:17834/123
plxeldesat :\f;iesat (plxe Sat) - - Neff,plx ) ln 1 - N 0¥ 1L 1 1 T ‘"‘m‘wr"nm‘sel‘ lllll ‘\ \>+\- ‘\‘ \b .\+-\> |Ib\ |A \. [
eff,plx 0 1000 2000 3000 4000 5000 6000
#photons
« Saturation studies on LED test-bench (Mainz) have shown _ Saturaton Gorrection for 80 GeV electron - Jne date
. : B0
best agreement data/simulation for: s E
. I':;110'2 -_--1' -E.-i::'-'
N, st pix = 2533 pixel ; ; B
N Data_no_de-sat ' :"f:;.
—— Sim_2433pi de-sat | * .
. [ - [— sim_2533pix_no_desat | "
 Dynamic range of the AHCAL 2018 prototype: : Sim_2633pix_no_de-sat| ' |
B ——— Sim_2668pix_no_de-sat t,
= Range up to 2x SiPM pixels = 5300 pixels, fdesat < 2.39 107 5= S Ll Eon -
Ratio Simulation/Data 1t Ener
= \With LY of ~14 pix/MIP: ~380 MIPs, ~9 GeV '
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Entries

Reconstruction Check

ahc_hitEnergy {ahc_hitType == 114} ahc_hitEnergy {ahc_hitType == 109}
htemp_hitEnergy_global_bothGain_ X 1 03 htemp_hitEnergy_global__bothGain_
B Entries 2723813 _6 100— Entries 5023165
B May - ho PP Mean 1421 £ - June - PP Mean 1.429
50000 — Std Dev ose2 | W - Std Dev 0.8703
- Memory Ce" 14 Underflow 0 ~ Memory Ce" 9 Underflow 0
- Overflow 1193 80— Overflow 408
40000 - Integral 2.723e+06 : Integral 5.023e+06
N 60—
30000— ~
- 4 |
20000 0 |
10000{— o0l
O _| 1 T | [ | L1 1 | L L1 1 f | | Ll 1| | L1 11 | L1 11 | L1 1 | o _I 1 | L1l | L1 | L1 J L | Ly | L | L | L1
0 1 2 3 4 5 6 7 8 9 10 0 1 ) 3 4 5 6 7 8 9 10
Energy [MIP] Energy [MIP]
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