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What is the meaning of Limadou?

Matteo Riccei

From Wikipedia, the free encyclopedia

For other people named Matteo Ricci, see Matteo Ricci (disambiguation).

Matteo Ricci (ltalian pronunciation: [mat'te:o 'rittfi]; Latin: Mattheus Riccius Maceratensis; 6 October 1552 — 11 May 1610), was an s G
t d
Italian Jesuit priest and one of the founding figures of the Jesuit China missions. His 1602 map of the world in Chinese characters M:rtvt:ooRi:ci
introduced the findings of European exploration to East Asia. He is considered a Servant of God by the Roman Catholic Church.
Ricci arrived at the Portuguese settlement of Macau in 1582 where he began his missionary work in China. He became the first
European to enter the Forbidden City of Beijing in 1601 when invited by the Wanli Emperor, who sought his services in matters Roberto Iuppa
such as court astronomy and calendrical science. He converted several prominent Chinese officials to Catholicism, such as Xu
Guanggqi, who aided in translating Euclid's Elements into Chinese as well as the Confucian classics into Latin for the first time.
Contents [hide] 5'
1 Early life )
2 Ricciin China -
3 Ricci's approach to Chinese culture 5
4 Cause of canonization ™ JU>
A . . . m
t .
> Commemoration His name in mandarin: w O
6 Works —— m C
6.1 The True Meaning of the Lord of Heaven N LA B E e R RE oot A v m
LI Ma O u A 1610 Chinese portrait of Ricci n 3
6.2 Other works Q)
Title Superior General of the China ~+ O
7 See also mission Q (_IZ
8 Resf(jregces Personal = §
. itations
rat Born 6 October 1552 L (p)]
8.2 Sources Macerata, Papal States 2
9 Further reading Died 11 May 1610 (aged 57) o
10 External links Beijing, Ming Empire oD
Resting Zhalan cemetery, Beijing
. place
Early life [edi) Religion  Roman Catholic 14/02/20
Ricci was born 6 October 1552, in Macerata, part of the Papal States, and today a city in the Italian region of Marche. He made his | Ethnicity Italian
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Chinese Seismo-Electromagnetic Satellite (CSES)

GNSS-RO

Figure 1: Layout of the CSES satellite: the main body has size 145 cm (Y) x 144 cm (Z) \\
x 143 cm (X), which increases after the deployment of the solar panel and booms. HPM SCM \
14/02/20
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The High Energy Particle Detector (HEPD)

Silicon Tracker
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Figure 6. Schematic views of the HEPD electronics box and detecting units.
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Energy range

Electron: 3-100 MeV

Proton: 30-200 MeV
Angular resolution<82@ 5 MeV
Energy resolution<10% @ 5 MeV
Particle Identification>90%
Maximum Omni-directional Flux:10” cm2s1sr!
(accepted by trigger before prescaling)
Operating temperature: -10 2C~ + 35 2C
Mass (including electronics) < 44 kg (budget < 45 kg)
Power Consumption <27 W (Power budget < 43 W)
Scientific Data Bus: RS-422
Data Handling Bus: CAN 2.0
Operation mode: Event by Event
Life span: 2 5 Years

Calorimeter Support
Structure

Silicon Tracker

Silicon Tracker
Front-End Electronics

Electronic Boards

Low Voltage Power Supply

Roberto luppa
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Figure 17. Left: assembled plane 0 . Right: picture of the segmented trigger plane.
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HEPD electronics and power supply

Roberto luppa

TM/TC Power Control Board
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Figure 21. General scheme of HEPD electronics and power supply 14/02/20

subsystems. Communication and power lines between the boards and toward
the satellite are shown as well.
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What does an event look like?

GEANT4 simulation of
a 25 MeV electron
entering the HEPD
from the left. Red Roberto luppa
tracks represent
electrons, yellow
tracks photons. Gray
planes make the
silikon tracker,
whereas purple blocks
are scintillators. Green
cubes on the right are
LYSO crystals to
contain higher energy
particles.
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Pre-flight characterization and calibration
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Figure 5: A sample of muon signal distributions for HEPD PMTs (the four ones -
lying in the first two calorimeter planes): for any PMT of the apparatus, the most
probable value (MPV) from Landau fit was used to retrieve the corresponding equalization 14/02/20
g

factor. The ”se” label stands for south-est, ”sw” for south-west, ”"ne” for north-est, and "nw”

for north-west. All labels are related to the positions of the PMTs. 14
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Beam test facilities: BTF (Frascati)/APSS (Trento

Roberto luppa

Figure 6: HEPD setup at BTF: HEPD - the black box with the orange window in

correspondence to the active detector - placed on the movable platform in front of the beam M C Set u p d eve I o ped fo r ea C h bea m te St

is connected to the EGSE; the Medipix and calorimeter provided by BTF staff for beam

monitoring are visible on the front and back side of HEPD, respectively.

14/02/20

Figure 7: HEPD setup at the Trento Proton-Therapy Center: HEPD was placed on

a movable platform with the incident beam located at the center of HEPD window by laser

pointing. 1 5
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PMTs ADC-photoelectrons calibration curves

- P3se (ADC)
F Entries 28259
3500 — Mean 890.2
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Figure 10: Distributions from a 100 MeV proton run for the south east PMT of
the third calorimeter plane (P3se): the ADC signal distribution for P3se from the beam

test data (left) and the photo-electron distribution in P3se from the Monte Carlo simulation

(right).
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Figure 11: Conversion curve from photo-electrons into ADC counts for the P3se

PMT: the black asterix points correspond to a cosmic muon run, a 30 MeV electron run and

seven proton runs (70, 100, 125, 154, 174, 202 and 228 MeV).
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Validation of calibration curves
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Figure 12: ADC signal distributions from proton beam test data (blue curve) and S
digitized Monte Carlo simulation (red curve): the two distributions for the P1lnw (left)

14/02/20

and P2nw (right) PMTs correspond to a 51-MeV proton run.
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Upper calorimeter calibration
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LYSO calibration
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Particle identification
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Particle identification

X-Z View X-y view y-z view X-Z View X-y view y-z view
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Figure 23: Longitudinal profile of a ~ 125 MeV proton inside the scintillator tow:
a Bragg peak can be clearly spotted on plane 10.

Figure 24: Longitudinal profile of a ~ 30 MeV electron inside the scintillator tower:

the signal released is almost constant along the distance travelled by the particle up to plane
14.

22
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Arrival direction - DL

Together with the energy reconstruction, the FCNNkin predicts the arrival Pmt

direction.

Challenge: EJ200 attenuation length is 380 cm (~x100 the distance between
the hit and the closest PMT). Position reconstruction extremely coarse.

Roberto luppa

The general idea is the following:

® Each plane is poorly sensitive to the impact position, but poorly sensitive =

does not read as completely blind; —

= Z

. , : PmtO g >

® Crossing the information of all the 16 planes; A~ O

1 © w O

. . . 0 n C

® not vertical particle traverses more material and releases more charge; o M
1

25

™ O

® cos(0), ¢ are correlated Exin; = .

=& 3

D)

>

—

Arrival direction prediction improves energy reconstruction. g

No calo arrival direction reconstruction with std methods!
14/02/20
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Arrival direction: deep learning

We used Geant4 to simulate particles (electrons and protons) interacting with a detector composed by a pile
of 16 scintillator planes readout by 32 photo-multiplier tubes, evenly distributed on the edges of each plane.

Protons and electrons simulated: Geantd
Detector 1.5 mill ) h ean
, /o (1.5 million events each) Event display Roberto luppa
P1
P2 > 0.5<cos(0) < 1;
=
™
X > 0°< ¢ < 360°% —
5 <
™ >
> 30 MeV< Ek < 300 MeV (protons) O 8
,  Veto 1 MeV< Ek < 100 MeV (electrons) a c
o
. Lo
¢ P16 Selection: T o
X % §
. . > Traversing P1 and P2, but not hitting =
the lateral Veto (passing); g
P1 P2 >

N 14/02/20
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Deep Learning reconstruction strategy

The main elements of the reconstruction chain are two Fully Connected Neural Networks (FCNNs) taking as
input the signal of photo-multiplier tubes and giving as output particle-type flag, polar and azimuthal angles
in the local frame and energy of the particle.

Ev reco chain FCNN architecture
(KIN and Pid similar)

INPUT

32 PMT signal . : 7 9
Activation “Relu

104
o=y
f»=0 O

52 O\

Q O \\O\,
@ mp — N\ . - \O Q.

O N O < O layer:

O ; 4 hidden (F;JID/ .

. ‘layer ,COSV),
Input ' O,'

layer: ' '
caloPMT 1 hidden 2 hidder] 3 hidden

layer  fayer 1 layer!
Electron: Proton: 1 T
- Kinetic Energy - Kinetic Energy Dropout between
- Arr. Direction - Arr. Direction fully connected layers
0,¢ 0, (randomize a fraction of the nodes)

Roberto luppa
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Fully Connected Neural Network

They consist in a series of fully connected layers, where each layer is formed by many units called
“neurons”:

Neuron

Roberto luppa

1
\
wl
X1 —— Y
Av
X2

Linear part

[y X+ Wy - Xxo F b) -
Activation function: ™
Input Values Input Layer Hidden Layer 1 Hidden Layer 2 Output Layer non ||nea rltyl :

—t
5 <
o >
. . . . 'l . ” m U
Learning procedure - minimize a scalar called "loss function »n O

. . m
expessed as a function of the weights, wi: wn S_I
A g X
. L Lw 5 o
l.e. LMSE = Z LA WA = .
i=o N ~ 3
® %
=
> Backpropagation of the error with the chain rule: o
>

ﬂ 0L dout _ 0L doutdnet _
oW ~ dout OW  dout dnet W >
w 14/02/20
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Input distributions

Input variables: 32 PMT signals
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Target distributions - Generated vs Selected

Target distributions: ¢, cos(0), Exin
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Variables are sculpted after selection!
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Training procedure

The two FCNNs are trained independently to keep their prediction (PID and Kin) uncorrelated as much as
possible. Therefore, we get independent predictions at each step of the reconstruction chain.

® Training dataset split in two parts: 80% for training
and 20% for evaluation (cross validation was used).

® An additional and statistically independent test
sample was used to check the FCNNs performance.

® Number of epochs ranged between 100-300 and
hyperparameters (batch size, learning rate, etc...)
optimized;

® |oss functions: MSE for FCNNkin (regression) and
BCE for FCNNvrip (classification);

Loss

107"

PID Loss (BCE)

Roberto luppa
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= Training sample
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PID performance - DL

After the training procedure the accuracy of the PID based on DL is 99.3 % (population are already separated
in ADC, small overlap). Efficiency and mistag rate have been estimated for electrons and protons.

Eff N,,(PID = part) Vi N, (PID! = part)
= LS t =
PaTt = N,,(TRUTH = part) part =N (TRUTH = part) Roberto Iuppa
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PIDreco performance - DL vs Std

Both the standard reconstruction (STD) and the DL reconstruction (DL) are cut based: the first cut is
optimized on the dE/dx (ADCrot vs ADCr1) curve, the second cut is optimized on the NN output, to gain the
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Ereco performance - DL

After the particle identification, the ADC signal collected in each of the 32 PMT is passed to the second
reconstruction network: FCNNkin. It predicts the kinetic energy of the particle:

Reco Protons Reco Electrons
< 350 B T T T ] — A A A A A A A
o - . = 100 AU AR AR Roberto luppa
=, C . = 90 NOT CONTAINED - X
3 300 E = - )
wt o F 0 Ny
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150~ —] 40:_ o >
- : 30- 23
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E"®in really good ] E¢'kin good below ~ 45 MeV (contained) o
even for not contained (>175 MeV) electrons are MIP S
(plane ADC counts is constant)
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Ereco performance - DL vs Std

The standard reconstruction for the energy of a particle works just for contained events. It is realized with a
calibration looking at the dependency of “EnergyReco” on “EnergyTruth”.

Reco Protons Reco Electrons
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Deep learning is able to reproduce standard energy reconstruction performance for contained events and g
possibly extend reconstruction to nuclei events not contained
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Arrival direction - D

Protons Electrons
g s
Roberto luppa
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Arrival direction - DL

W is defined as the angle between the DL-reconstructed incoming
direction and the measured one.

Protons Electrons

Roberto luppa
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Results from commissioning phase

Event Rate
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Figure 11. Top panel: HEPD average event-rate map during the period from

2018 May 14 to June 11. The red spot around Brazil represents the SAA, in 14/02/20
which the rate counter saturates at about 350 Hz. Bottom panel: HEPD trigger

rate as a function of onboard time for a few orbits. Different regions are

marked. 36
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Results from commissioning phase
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Figure 13. In-flight proton—electron identification by HEPD: energy released in 20

the first plane of the calorimeter (P1) as a function of that released in the full
calorimeter (P1 + ... + P16).
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Figure 14. Different particle populations detected by HEPD as a function of
L-shell and energy.
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Results from commissioning phase

AP-8 MIN Model HEPD Data
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Figure 15. Comparison between trapped-proton geographical distributions inside the SAA obtained through the AP-8 MIN model (by the SPENVIS interface) and
HEPD data (2018 August), respectively.
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Results from commissioning phase

104 : LIS Flux:Ghelfi et al. A&A 591, 94 (2016)
i TOA Flux: Ghelfi et al. ASR 60, 833 (2017) LIS spectrum
s 2009 TOA protons
== mnm 2015 ToA protons
2014 ToA protons
103 u T —a— August 2018 HEPD protons (this analysis - preliminary)
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g [ Roberto luppa
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Figure 16. HEPD galactic proton flux (black squares) compared to TOA =
theoretical fluxes for 2009 (blue dashed line), 2014 (magenta dashed—dotted =)
line), 2015 (red dotted line), and LIS spectrum (green solid line).
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Topics

Roberto luppa
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The LIMADOU Experiment on
the CSES Satellite

14/02/20
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CSES-02 Milestones

®March,2017, National Development and Fieform Commission of China (NDRC)proved
CSES-02 project ,

Roberto luppa

W April, 2018, NDRC proved CSES-02 feasibiiity demonstration ;

W Sept. 3, 2018, CEA start the CSES-02 projeéct developing , r:_DT|
- EMarch 23, 2019, CNSA-ASI MOU on CSES- CE)"Z"éébbér‘éf[’o’h"s'fg'h‘é'd'“n‘ri'%'rﬁé",‘ """""""""""""""""" '(':D—’ %
¥ June,2019, NDRC proved the Launching siteé and TT&C g §
W Dec4, 2019, authorized by CEA and I\/IEI\/I,E |ICD proved the CSES-02 preliminary design; g ':'f
¥ Currently, NDRC release the annual budiget of CSES-02 and g ‘E
MEM is ready to manage CSES§-02 instead of CEA . S
I 14/02/20

The CSES-02 launch time s fixed no later than March, 2022
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Whahat do you see from these plots?

Event Rate
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Trackers in space: summary

HEPD is the ideal science case for a change of paradigm
Roberto luppa

Year Technology Resolution Power Life span
[um] density VEE
[mMW/cm?]

Fermi LAT 2008 Single side 74 160 0.2 Ongoing
DAMPE 2015 Single side 121 70 7 90 1.3 Ongoing
PAMELA 2006 Double side 50 (p) 67 (n) 3 0.13 63 48 11
AMS-02 2011 Double side 110 (p) 208 10(p)30(n) 6.4 734 12 Ongoing
(n)
HEPD-01 2018 Double side 182 50 0.088 10 11 Ongoing
14/02/20
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Trackers in space: summary

If you want to find something better than HEPD-01 microstrip, you need something
e Ready (launch 2022!)

* Easy to readout (no time to become a “guru” of some technology)

e Performing better: faster and lower noise

Roberto luppa

Year Technology Resolution Power Life span
[um] density VEE
[mMW/cm?]

Fermi LAT 2008 Single side 74 160 0.2 Ongoing
DAMPE 2015 Single side 121 70 7 90 1.3 Ongoing
PAMELA 2006 Double side 50 (p) 67 (n) 3 0.13 63 48 11
AMS-02 2011 Double side 110 (p) 208 10(p)30(n) 6.4 734 12 Ongoing
(n)
HEPD-01 2018 Double side 182 50 0.088 10 11 Ongoing
14/02/20
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ALPIDE is a MAPS detector designed for ALICE ITS Upgrade.

The requirements for the upgrade are reported in the table. el
Epitaxial Layer P- b Tt
borameter | 18| 08| Achieved _
Detector size [mmz] 15 x 30 15 x 30 15 x 30 https://doi.org/lo.1088/0954-3899/417(5540@02.
w O
Detector thickness [um] 50 100 50 - 100 N n C
m— — : 10 A » Sparsified readout o %"‘
patial resolution [um] + Pixel pitch: 26.88 x 29.24 uym? © ©
Detection efﬁCiency >99% >99% >99% ° Columns X rows: 1024 x 512 o (BD
Fake hit rate [evt! pixel?] <10 <10 <107 * Electrode diameter: 2 um 5
Integration time [us] <30 <30 ~2 * Backbias:0Vto-6V -
Power density [mW/cm?] <300 <100 <50 * * Producer: TowerJazz 14/02/20

* The power consumption depends on the detector configuration 16
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ALPIDE: block diagram

' k 8 32 readout regions
wie s A | 16doublecolumns | 1 1 | Matrix:
oI Y ‘Oooo onpg f o LG . |} |+ 32regions
C Q0 oo - 4@ 3o P P |
N I A B * 16 double colum
OO oo o ofig o gt i [ |
e | R | | R b * 512 rows/column
»Oifoolic oo oo Lo ! i ! Roberto luppa
‘ojooflc gt i L
r oo oo - O o e !
8b DACs Pixels Config oo o0 opo N : : !
____________________ 1 == —= | e - - - —— _|
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11b ADC 3ZTDATAMUX / ||| Readout registers (DP&R%/I)
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i) Registers Readout | .| chip Data Formatting 3 m
Bandgap + Sequencing _ Q _é
Temp Sens N7 = =R IS Parallel Data Port ® @
i Module Data Management | (4x80 Mbps) = §
- ¢ > 5 3
CRTL line Control Bus i ="
. C icati q L onic riggers ﬂsobmeHz Serial Out Port Data transmissiag
ommunication an e Serial Data Transmission | (1200 Mbps / and hlgh speed po_-?.ts
control of the device Differerfial Single 400 Mbps)
. CdntrolfPort Ended PLL Serializer ' Y
* Readout possible b mbl) Contrd] Port ! 14/02/20

https://doi.org/10.1016/j.nima.2016.05.016
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ALPIDE power consumption in ALICE

Inner barrel stave power consumption:
180.0 * Nine IB mode detectors: 1.4 W

157 mW .
160.0 IB power density: 34 mW/cm?
M Local Bus
140.0 = DTU :
- OB stave power consumption:
1900 W Digita _ Roberto luppa
: m Analog * One Master chip mode: 157 mW
£ 1000 * Six Slave chip mode: 426 mW ~
S 200 71 mW * Full stave (two columns of seven detectors): 1.2 W
@)
s OB power density: 18.5 mW/cm? o S
' https://doi.org/10.1088/0954-3899/41/8/087002 g >
40.0 w O
e
20.0 Inner Barrel & &
=
0.0 et LI
Inner Barrel Mode Master Chip Mode Slave Chip Mode - : Outer Barregf' §
https://indico.cern.ch/event/ 666016/contributions/2722251/attachments/1523408/2380925/ 20170914- ‘ o g
ALPIDE-FoCal-Study-Aglieri.pdf —+
o
. . . . >
Fermi microstrip power density: 0.2 mW/cm?
HEPD-01 microstrip power density: 10 mW/cm? Beam pipe 14/02/20
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ALPIDE response to low energy nuclei

Roberto luppa
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Experimental setup for beam tests (LNS and TN)

BOX

* The experimental setup was composed by an ALPIDE
“ sensor and two EJ200 plastic scintillator bars (2x30x150

w mm?3) used to give a trigger signal;

A Mylar * The scintillators were readout by two PMTs for each Roberto luppa
window bar’

Plastic Plastic
scintillator scintillator

 The signal of the PMTs was processed by a CAEN
DT5725 digitizer, that saved the waveforms and gave
Signals the trigger signal to the MOSAIC board used to control

Power supply

Trigger To control A L P I D E;

To control room room

PMTs
Power supply

T * Waveforms from PMTs were also collected by a Lecroy

9}1|[91eS S3SD dYy}
uo uawWRdx3 NOAVINIT 3YL

oscilloscope.
DETECTOR
BOX H e The energy of the beam was 62 MeV/amu and we
tested the sensor with protons, He, C and O in Catania
ALPIDE our @ LNS.

data

ALPIDE
oooooo

[igger e The same setup was used with 20 MeV to 220 MeV
el ™ protons in Trento @ APSS Proton Therapy centre

Power
supply
3 chan

14/02/20
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Cluster size studies: MIPs

* ALPIDE has a binary readout, the only information is
the address of pixels over threshold.
* In principle, this readout limits the spatial resolution to A
pitch/v12
e A study of cluster shape as a function of the impact luoba
position on the pixel and incidence angle can provide a
more precise information ’
(https://doi.org/10.1016/j.nima.2018.04.053) =
Cluster size: 1 Cluster size: 4  —
5 <
™ >
5
=
-
D
D
-
D
=
D
D
https://doi.org/10. 1016/j.nima.2015.09.057 X (mm) Cluster size: 3 Cluster size: 214/02/20

Cluster size as a function of impact position on pixel for MIPs -
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Cluster size studies: low energy nuclei

f a1 i3 wwiml e | ow energy nuclei produce larger clusters
i “E because of the diffusion-driven charge
=k i Roberto luppa
E “F collection
e The number of possible combinations is huge »
kg‘::‘u N P awe b "l"m J &35 st sisidasardudaodsissdasasds a"]“ ~H When CIUSter Size enlarges (:'Dr
e The characterisation of the clusters can —
e [m 39}_ . . . . . '_r Z
o — m ELE provide interesting information for event 2
TE by 1e -t reconstruction algorithms Q3
3 = e Other approaches are required to acquire all h S_I
.‘f.'E— E?J'E— . . . m
mf- the possible information from these 0 X
- - structures = 2
::aE— ""‘_-:‘_ = 3
E‘I‘T‘ 5 lla 'l: "517 f:ﬂ ll . l) ll '15 e 283,'3 )'-l Sl J:b ]l 1:3 5-1) );Z' )!II lhl.' pl.s) m (D
column column 3
—+
O
>

Data collected with 62 MeV/a.m.u. He

14/02/20
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Single cluster event selection

counts

20 MeV
RMS,

* How do we define a cluster?

e A possible indication comes from the RMS
of the pixel position along columns (x axis)
and rows (y axis) of ALPIDE

4 6 8 10 12 14 16 RN‘IISBX [pixeﬁo 4 6 8 10 12 14 16 Rl\}ISy[pixelz]o
 Data acquired with 220 and 20 MeV protons -
are used as reference to tune the analysis. ¢ ol 520 MeV ¢ ok 520 MeV
*  Events with RMS,<2 and RMS,<2 have been - V| ¢k €
: AL RMS, RMS,
selected for the analysis ' 7

i

L 1 1 1 1 Al i 1 11 1 (- 1 L1 1 L1 1 1 1 11 1l aly - 11 Al
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18 20
RMS, [pixel]

14/02/20
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Stacked analysis

= 14
(0]
X B
Stacking cluster procedure (applied event by event): § B
 Calculation of mean along x and y S TN
* Subtraction of mean from all the pixel coordinates 2 T
. . . 10— A
* The new coordinates are used to fill a 2D histogram -
* The histogram is normalised L * pa
* Integral of the histogram gives the average cluster size - 4
- A
6— A
I~ A
= 10r 1 = 10 _ B A N
X r X r | A
s 220 MeV o & e 20 MeV 09 T .
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Study of inclined tracks: stacked analysis
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Study of inclined tracks: model

* The model we propose to describe the
cluster size evolution is really simple;

* There are two parameters to be
determined by the fit

* The IC parameter quantifies the
intrinsic cluster size produced by the
nucleus on the silicon; EEEEEEEEEREEEEEE-

T 0
* The intrinsic cluster size is expected : fx)=1C-(1+2- E'Teff'tane) .
to increase with Z, since the charge --EmEmEmEE s asETsEs . E.
produced inside epitaxial layer
Increases

Cluster size [pixel]

* The second parameter T is the
Fffectlve thickness of the epitaxial
ayer.

* As shown in the plot, the model
perfectly describes the results
obtained from GEANT4 simulation of
the setup, where diffusion is not
included.

30

25 A

20 1

GEANT4
simulation

40 60 80
Angle [deg]
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Angle dependence on Z

= 35
1204 Y 62 MeV/a.m.u. proton g F
Y 62 MeV/a.m.u. helium 9 30t
100 - Y 62 MeV/a.m.u. carbon " I {
_ Y 62 MeV/a.m.u. oxygen -
Q 20—
‘2 80 A - Roberto luppa
— 15— . . .
g - : Intrinsic cluster|size coherent
wn i 10— . .
g % S with values of cluster size at 02 —
E ot 2
I e =
z >
20 1 ™ >
= v m U
- —— 29
T T T T T I% 1.8— (0]
0 20 40 60 80 s »n
Angle [2] °F } & 5
e ] © 3
12 | = §
* 62 MeV/a.m.u. nuclei @ Catania LNS I= % ! ® 2
. . . . o -
* Cluster size obtained from gaussian fit on the o8- The ratio measured-to—nominal =
. . . . 0.6— . . . .
cumulative distributions . o epitaxial thickness is 1.154+0.07 =
* As expected, cluster size increases with Z. “E pixels
. . . . . 0.2
 Saturation of intrinsic cluster size for Z 26 B R 14/02/20
0 1 2 3 4 5 6 7 8 9 10
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Angle dependence on other parameters

2 = 20 Mev * 20and 220 MeV protons @ Trento APSS Proton therapy
o 220 MoV centre, different back bias values
- e
! ! * The results of the best fits give a epitaxial thickness of about
oE 25 4+ 3 um, in agreement with the nominal value, quoted to be
8- between 19 um and 40 pm
. i (http://inspirehep.net/record/1429449/)
- ¥ * When the back bias is applied, the charge collection is more
“© ; + efficient and the cluster size decreases. Roberto luppa
21— ' * The smaller values obtained for the thickness is related to the
e e lower IC =
Back Bias [V] 40 (IE
Cluster size effects strongly reduced with Y 20MeV, 0 bias o+ =
. ) 354 ¥ 20 MeV, -3 bias g =
the maximum depletion Y 20 MeV, -6 bias - O
5 30 1 nw O
T — m C
i_ 18 - 20 MeV t>1<) , 3 m
1.6/ = 220 MeV a > Q) _é
- v ™ O
14— a 20 A =
- — cr 3
1.2 9 () D
o n 15 - =
1; L_j) —+
081 I l 10 - =
o.ef—
o.4f— 51
02f- 14/02/20
- AR BRI BN BRI B AT R B 0 6 ' j j '
7

o

6 5 4 3 - 1 0 1 20 40 60 80
Back Bias [V] Angle [9] 58
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TCAD simulation

* The TCAD simulation aims to reproduce y

the cluster size results.

* Because of the high computing power
required by the simulation, we use the

symmetry of the system to explore larger
domains.

Heavy lon model is used to simulate the
energy deposition on silicon

* The charge diffusion is followed for 2 pus
after the charge release

* Three different domains are used to

explore the effects of particles hitting
different pixel positions

Only vertical hits are simulated.

* Three thicknesses of epitaxial have been
simulated

28 um

Roberto luppa

HIT
2 um

HIT

DopingCones iation e

......

.......

" bopingconceniration cmr-3)
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TCAD simulation: cluster size calculation

e Current on each collection electrode is
plot as a function of the time

* Currentis integrated to calculate the
charge collected

) Time reference
* Number of electrons is compared

Roberto luppa

. 1 pus
with the threshold set on ALPIDE H
during test beams - -
 The number of electrode over - | ©
105 4 =
threshold after 1 us from the : =+ Z
interaction gives the cluster size - 2 ( I 5 A g 35
. o — b
* The calculation is extended to the g 10% I —— DB a =
enlarged domain. S ] I — DC »
2 ) : —— DD 2o
g10°4 | , — DF LR
] ] / = S
o | — o 5 3
L >
Threshold 1077 || : — DK -
~150 electrons ] F I B—: =
101 /-I T T II T T T _I
0.00 025 050 075 1.00 1.25 150 1.75 2.00 14/02/20

Time [ps]
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TCAD simulation: comparison with data

 To compare the data from test beam and

14 1 ; I‘éjfobeamldatta ) from TCAD simulation , both are expressed as
on electrode . . L
121 ® TCAD between 4 - v a function of the energy deposited in silicon Roberto luppa
. m TCAD between 2 (from GEANT4 simulation)
£ 101 v * Data are compared with the 25 um thick .
Q O o o
" 8. v simulations >
N . . .
n v * The agreement is good, since the simulated —
o L] [ ] [ ] . . ‘-r
% 6 1 - v points represents the limit cases, in which =3 E
O 4l u 'E' the charge collection efficiency is maximum Q 8
v . . . .
(hit on electrode) and minimum (hit between n &
-
2{ = 4 electrodes). § X
5 - * Points from simulation embrace those from ° 2
000 002 004 006 008 010 012 014 data along all the explored range. 5 3
Eocp [MeV] 2
O
>
14/02/20
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Power consumption measurements in Trento

MOSAIC
Connection

MOSAIC board ‘
For data acquisition VA Y,

Setup for the measurements:

ALPIDE single chip

MOSAIC board for the readout

Power supplier (not shown in picture)
Passive current probe

Active current probe

Laptop (not shown in picture)
Oscilloscope (not shown in picture)

Measurement of transfer function
is made sending a sinusoidal wave
generated by a waveform
generator trough a 1 k{2 resistor.
Voltage measured on the resistor
is compared to the output of the
current probes

Roberto luppa

102

~ ® Passive Probe Con -

T

@ Active Probe

Transf. Func. V/A

In collaboration with B. Di Ruzza and F. Nozzoli

Freq (kHz)
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Power consumption measurements

Features tested: U gEgEgE Tl ra
* Power consumption during communications via worcs i |mescante| M 18080 BB P L ] -
CTRL line | | W e e
. . U 24bx40MHz_7 < ¥ J IUppa
* Power consumption during readout through N l i
hi gh sp e e d Iine .?:;(g::n: Registers Readol..lt | Chip Data Formatting
* Power consumption during threshold scan ! e et |
« Tests are designed by ALICE collaboration to gL e S| o
characterise the detectors during ITS assembly e ;’“H 152‘::’:’ on [ Lo > 2225
https://doi.org/10.1016/j.nima.2016.05.016 w O
m C
CTRL line | High speed Analog Digital Power o 3
. ~ . ~ O
status line status current current | consumption den5|ty g (_2
[mA] [mA] [mMW/cm?] = rBD
FIFO test ON OFF 12 53 125 26 5
o o >
Digital scan ON ON 12 134 240 54
Threshold scan ON ON 12 134 240 54 14/02/20
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Power consumption reduction: how to?

Power consumption have to be reduced to fit requirements of
the HEPD-02 payload.

From power consumption characterisation, the high speed line S— ‘PA
is the most consuming element of the detector. 2
The first solution is to move the readout to the CTRL line. H o luppa
It avoids to activate the PLL block and allows to reduce the T ’ pixels Config
CIOCk frequency' ﬂ i Region Readout (1) RR (2) [[ RR (3) RR (32)
. 1 24bx40MHz %4 i
Power consumption 11b ADC 32:T DATA MIUX
onfiguration G
100 ﬂ : R:ggiste:s Readout 4:;‘ Chip Data Formatting
o Bandgap + i
140 ® Temp Sens $ ': Fdidilgl udid Ful
% 120 PS i Module Data Management
5 100 e Control B i e
=] [ ] onL;oic us 1ggers l y ' Serial Out Port
E g0 o 2 Serial Data TransgighfoT gk, (1200 Mbps /
2 ifferegtial ingle &Mbps
§ 60 ¢ (Ei)ontro ortﬂ znjed m L =
N o . (40 Mbllks) ControfPort :
g 40 Power consumption of a
2 ALPIDE detector during https://doi.org/10.1016/j.nima.2016.05.016
. .
0 s 10 15 - FIFO30teSt 835t dlff%rent 45 ALPIDE Control
aeemizl clock frequencies and data readout

14/02/20
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Power consumption reduction: clock-on-demand

Inapming particle s T : £ >
] 0.8:—
Trigger bar F . 3
1 [ ] 0.4:—
0.2_—
Tracker turret  clock i
Signal distribution S e - 'Dellay['péf
readout
) i - T2303F§ PIX_IN? l OUT_A | é I ’— SIATE
 Analog front-end is kept constantly powered on Lo | \/y/
* The digital part is needed only for the readout of the data L G - )
* The clock is distributed only after the trigger signal is produced PN oUT A -

 The smart segmentation of trigger allows to distribute the = N 7&@““ om_r
clock only to the section of tracker involved on the event AV:Q/j_\/_ - = |—|14/‘027‘2ﬂ
t,> 100 us: STROBE 7

>t
https://doi.org/10.1016/j.nima.2016.05.016 65
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Power consumption reduction: clock-on-demand

y S}ave |:]Masterchip l:ISIave Chip
Ittt it il i Turrets are kept in a low power state
|1 = e e e = until their operation is needed.
(L O Roberto luppa
'Ilm II”:l : "Ilm' lI”:l 'll : H : :_YI
* Clock signal is provided to a turret D
. . . [
: : g : q only when a trigger is received. o =
= — ~ — [ o >
: : : N Y
— E_ — = [ * Triggered turret is read in parallel a2
J— = —_ —_— — . . m
) | and then unclocked immediately »
©
| | | | | after. Z 2
Event Builder / = §
T B
! il > ~50% reduction in power =1
@)
off-chip communication [c ] MCU consumption, =
Trigger — frame data 14/02/20
HEPD Main DAQ :__EF
66
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Full tracker power consumption

—— 1 enabled turrents L 65.0 . . .
8500 1 —— 3 enabled turrents * Power consumption is plot as a function Roberto luppa
5o | 625 of trigger rate
s [ 60.0 = * To increase the probability to intercept
£ s000 “15mW/cm2 600% . P Y . P ;
g - the section of the tracker hit by the )
£ 7750 i particle, three turrets are read out L=
o 55.0 & . . > Z
g ] 5 * Power consumption of the full tracker in ® JU>
) 52.5 § this configuration is well below the 10 W e,
E > m C
Z 72501 50.0 of HEPD-01 tracker A
. : : : : P X
7000 - [ rs The maximum trigger rate will be defined =+ O
Courtesy of G. Gebbia by the dead time required for the = =
6750 - : - 45.0 q =& 3
(I) 260 4(I)0 660 8(I)O 10I00 12IOO 14IOO 1600 rea OUt rjb
Trigger Frequency (Hz) —
@)
-}
14/02/20
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Cold plate stratigraphy choice: thermal simulation

LOAD CASE: conservative approach. Better results expected if
conductivity is higher. Waiting for results of tests on prototypes

PrOpOSEd Stratlgraphy « Single Thermal Interface;

. « Laminate with Standard Conductivity (HC) CF:
HIC support layer: K = 200/200/0. 5W/(mK) y (HC)
Material/Sub- Thickness Orientation * End-Block Joints with Silver-Epoxi Adhesive.
Laminate (mm) (Deg) Layers

Roberto luppa

Fleece 0.02 1
K13D2U_EX1515 67-... 0.120 90 1
K13D2U_ EX1515 67-... 0.120 0 1
K13D2U_EX1515 67-... 0.120 90 1 Solid Max Temp: 67.8°C;
Fleece 0.02 1 © AT 12.8°C.

Lateral ribs:

Material/Sub- Thickness Orientation

Laminate (mm) (Deg) Layers

Fleece 0.02 1 = -~

K13D2U_EX1515 67-... 0.120 0 ~15

Fleece 0.02 1 Solid Max Temp: 59.8°C;

. AT 4.8°C.
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HEPD-02 tracker 5

HEPD-02 tracker is divided in five turrets.

Each turret is independently connected to the support
structure.

The turret contains three planes of sensitive element
called staves.

Stave design has been developed from the ALICE OB

Roberto luppa

stave.
Courtesy of S. Coli

in Fr{T v I T T T
1 LIt ORI IRCTCIRC DL Main features of the stave:
= L OO DO LA« Two columns of ALPIDE detectors
(1] > :f:[ g Ui L :Efj:_: Lll + One master and four slave chips for each
Bl ] [] -_T__TE:TIE::T_ L stave

| ﬁJ i TRl o e i i "l =  * FPC (different designs proposed)
= — Courtesy of G. Gebbia « Cold plate for thermalisation in carbonfiBré
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HEPD-02 tracker

Courtesy of S. Coli Courtesy of S. Coli

Roberto luppa

Turret

Courtesy of S. Coli

9}1|[91eS S3SD dYy}
uo uawWRdx3 NOAVINIT 3YL

14/02/20
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Stave stratigraphy

Stave Material Thickness
element [um]

Stave Material Thickness
element [um]

—
The simulation includes the satellite window and? J§>
thermal blanket and three staves. A 8
Stave structure: 2 ﬁ
* FPC (Composed of Kapton and metal lines) % §
 ALPIDE = =
* Cold plate ® rg
Tables compare the effects of ALICE OB FPC and o

>

ALICE IB FPC on X,
Both the configurations have been simulated to
evaluate thresholds for protons and electrons aid%/20

multiple scattering for electrons. 71
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Performance: thresholds

2 planes of tracker

>
k) | 5 11— n !ggg!!g!!!!l!lll-
N S Y A A = |
3 1 R A . £ .-ZZHA5
i B - A - A B A
= B A |
0.8— A 0-3__ . L8
i N - .
0.6‘_ - o.6_— A
N A A
u A A
0.4— A 041
B B A —=— HEPD-01
—— HEPD-01 02—
0.2_— - A —A— ALICE OB | - A —— ALICE OB
= —— ALICE IB
= —— ALICE IB B
8 S WA ST L P N SN SN . T L
12 R V! S 16 18 20
E [MeV] E [MeV]
. O
Protons Stave stratigraphy: Electrons =
* 50 um ALPIDE
e 350 um Carbon Fibre 14/02/20
 FPC according previous tables -
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Space compliance tests: Vibration tests

A
12¢g : : : : : :
': e Vibration profiles given by Chinese Space Agency and is
75 mm yau 3 intended to simulate the vibration profile of the launch
// ; ; * Test has been carried out at SERMS s.r.l. in Terni, Italy
/ * The stress must be applied on the three axes of the
/ - ! R b to |
./ E | DUT oberto luppa
! " Sinusoidal profile ; * Accelerometers are located on the DUT and on the
| { Hz fixture that ensure it to the machine. =]
10 20 100 » < Test has been successfully carried out along all the r,i
three axes of the DUT T Z
A ™ >
: 23
0,8g2HZ Grms 11.3 m =
' m
g ! P x
+6dB/oc // E_E'W;Ct 0,07dB/oct : }3
/o i -15dB7oct 3 3
/o ' 2
| : : —~+
/ o : o
i + I | - >
i . Random profile | =«
1 ! | | 1 ' 14/02/20
10 95 130 200 300 600 2000 73
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Space compliance tests: thermal-vacuum test £

 Thermo-vacuum cycles simulate the conditions after the launch

* Parameters of the test are reported on the table

 The dwell time has been reduced to two hours because of the
small dimensions of DUT

* During the cycles, different stress levels have been applied to the
DUT

* Performances have been monitored at low and high temperatures

* Test has been successfully carried out. The DUT performance
was stable during and after the thermal cycles.

Test conditions

Pressure [Pa] <6.66x103

Hot temperature [2C] +50

Cold temperature [2C] -30

Start cycle Hot (for outgassing)
Number of cycles 6,5

Temperature rate of change [2C/min] >1

Dwell time [hr] >4

8-

-30¢

a8 4

-302

Dwell time Dwell time

* Hotstart * Hotstart >
* Performance test ¢ Performance test

Last cycle

La §

First cycle

First and last cycle

* Cold start
* Performance test

Dwell time

Dwell time

¢ Functional test

her cycles

* Functional test

Dwell time
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It survived...

chip id:0xb chip id:0xb
0 100 200 300 400 500 0 100 200 300 400 500
0 1 1 1 1 1 O 1 1 1 1 1
-302C 10° -~ 502C
Roberto luppa
200 - = 200 -
102
_|
o
400 - 102 400 - —
+
- - D

o Y
600 - 600 - % @)
0
3 o
800 1of . 1 800 2 =,
—+ =
® o
-
—+
1000 - g
10° 10° 14/02/20
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