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WHAT DOES A COLLISION LOOK LIKE

Pedro Castro
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MOTIVATION FOR AN ELECTRON-POSITON COLLIDER

proton —> <—— proton

b 10° E T T : T I E T T I T T
: ] T
: —_ =
G( n ) E— -_— . - %tot _g__—__—._——l——— -é e L I - s
107 H : 4108 B e+e- ERE
E Tevatron LHC 3 _ “i Q
3 pp/ pp : . 10° qz,ﬂqq I 1SS
: . E E |
H 9 4 v
10° | : I q10° A I £z
o : ' E L - S,
E : i - - E 7z I E =
103 i I E 10 ‘\"; lcosB1<0.8 - =
g i ' E =° Euu E
Ojet(ETJEI > Vs/20) 3 = :_ - = Ilcos(] I<0.8_ _E175GeV_ _
i 1. i
= w0k ow 4100 2 10° F - 3 500x10°
— F Sz 3 = 3 #
© - : . E
E 0,(E%'> 100 GeV) 2 N
100 b I —élOO é fe -— S —
S 2 3 3 5x10°
3 F 4,2 E Zh I 3
107 F o, 410 [ 120Gev 3
L (B > s/4) 4 L E I |
105 L Stigge(My; = 150 GeV) 410 . e HA —> 3
g '9gs E 3 b z%oci!v 400GeV P 50
E Gpigge(My; = 500 GeV) E F 190GeV I ’ 410Ge V3
107 C .(.)Il P i llo . 110° 10°2 1 1 1 N 1
: 0 200 400 600 800 \/
Vs (TeV) s (TeV) s (GeV)
Vs (GeV)

Journées scientifiques et techniques de I'lPHC — 14 octobre, 2024 4



DIFFERENT SCENARII

CLIC @ CERN ILC in Japan
Vsmax =380-3000 GeV x/smax =250-1000 GeV

et
Compact Linear Collider (CLIC) /"
|/ BN 380 GeV - 11.4 km (CLIC380) /
© W 1.5 TeV - 29.0 km (CLIC1500)

Linear Collider
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FCC-ee @ CERN CEPC in China
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Circular Collider
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https://fcc.web.cern.ch/fr/overview

THE FUTURE CIRCULAR COLLIDER (FCC)

~Euture
= ““Circular

- collider =
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AMBITION PHYSICS STUDIES

Physics Landscape @ FCCee

........
x .
.

Future Circular Collider
Cicumference:  80-100km
Energy: 1007V (pp)
230GeVle'w) o

.

Large Hardon Collider &
Gicumference: 27 km .
Energy: wen w
w9ceview) %

Tevatron (closed)
Croumforence:  62km
2Ter

Detector requirement @ FCCee

/"~ Higgs  \/  Flavor
factory “boosted” B/D/r factory
My, 0, Tw CKM matrix
self-coupling CP measurements
H— bb, cc, ss, gg Charged LFV
H—inv Lepton Universality
ee—H T properties (lifetime, BRs..)
H—’bS,... B.— TV
Bs — Ds K
Top B.— Krt
B—-K*vv

\Qop, rtop, ttZ, FCN(:j

K Bs— QVV ... J

/" Higgs /  Flavor
factory “boosted” B/D/r factory
track momentum track momentum
resolution (low Xo) resolution (low Xo)
IP/vertex resolution for |P/vertex resolution
flavor tagging PID capabilities
PID capabilities for flavor Photon resolution, pi0
tagging reconstruction
Hadron energy resolution
(stochastic and noise)
and PF

/

N

/" QCD-EWK

most precise SM test

mz, Iz, Finy
Sinzew, RZ, , Ry R-
AFBb'c , T pol.
Qs
My, M'w

/7 BSM

feebly interacting particles

Heavy Neutral Leptons
(HNL)

Dark Photons Zp

Axion Like Particles (ALPs)
Exotic Higgs decays

G %

most precise SM test

acceptance/alignment
knowledge to 10 pm

magnetic field uniformity

lumiCal coverage down

QCD-EWK \/

\ 4

to 60 mrad

Y d
BSM

feebly interacting particles
Large decay volume

High radial segmentation
- tracker
- calorimetry
- muon
impact parameter
resolution for large
displacement
triggerless

\ 4

M. Selvaggi, FCC Week 2023
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https://indico.cern.ch/event/1202105/contributions/5396850/attachments/2659433/4606491/Detector%20Requirements%20from%20Physics.pdf

WHILE WAITING: 5, 10, 15 YEARS ...NEED FOR MILESTONES PROJECTS
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TIME RESOLUTION SCALE IN THE CONTEXT OF ELECTRON POSITRON COLLIDER

ex: ALICE "Ful Silicon” |

ALICE-Beyond LS4

CBM-MVD
5 ps - Under development

.

e.g.MALTA - 25 ns

STAR-PXL detector
185 us - 2014

ALICE-ITS2
10 ps - In construction

ALICE- Beyond LS3

Belle-1l upgrade
? I

Others (ions, pp, etc.)

100 ns 10 ns 1ns 100 ps 10 ps
Time resolution
| '— /
Minimal ) ' '
. backscatterred filter
VXD requirements SIT & -
~1-4 ps Bunch tagging .
ILC R&D l 200-500 s - Particle ID ILC

Particle ID

FCCee

VXD requirements
~1ps

tt bunch ~ 3 us

CL;%gl;ZCh Particle ID CLIC

e [EPC

(2) bunch
25 ns

VXD requirements
~1 ps

(H) Bunch
680 ns
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OUR ACTIVITIES

Simulation

NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR
L L
PWELL NWELL
DEEP PWELL

Epitaxial Layer P- B, ' """ ‘

Instrumentation :

« CMOS R&D (lightweight,
highly granular)

* Mechanics and integration

Strong collaboration with

™4
G

C4PI-Platform

Phenomenology
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THE MIMOSIS PROJECT — A MILESTONE SENSOR FOR FUTURE COLLIDER'S VERTEX DETECTOR

CMOS Monolithic

Active Pixel Sensor* CBM Micro Vertex Detector CBM — Experiment @ FAIR
(MVD) Parameter Value
The CBM — MVD will operate at: Technology TowerJazz 180 nm
Epi layer ~25pum
100 kHz Au+Au collisions @ E;, < 10 AGeV Epi layer resistivity > 1kQcm
10 MHz p+Au collisions @ Eyin <29 GeV Sensor thickness 60 m
o0x hieh - . Pixel size 26.88pym x 30.24pm
(uP o 100x higher rates in absence of MVD) Matrix size 1024 x 504 (516096 pix)
* Picture displays a Mimosa28 CMOS sensor. Indeed the final CMOS sensor used in the MVD will Mimosis. Matrlx area i ~4.2cm _
Matrix readout time 5us (event driven)
Power consumption 40-70 mW /cm?
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MIMOSIS REQUIREMENTS

uersge beam oy Averssebeam MVD: Very inhomogenous particle flow in space and time
=3 B 500
25 25— g 400
1 T oL f 300
! £ = 200
:: os £ d ’ 0%. LoTo T==1p 2.0 25
| e e time [ST~~~as_
R B R B o , 390 ==
Peak beam U/ab Peak beam : ggg
; = gy & 200
] A bW 3 100
3 e i 8 50
; E . P00 T3~ 104 106 108 110
s ' " 1 time [s] B
3 0 ) | , 200F =
3 T g 150
- i e I : £ 100 ]
Au+Au @ 12 AGeV ...In space. T M in time
) 1(.)000 1.002 1.004 1.006 1008 1.010
time [s]
Spatial / time resolution ~5um/5us )
Established by ALPIDE
Sensor thickness ~50 pm (Sensor of ALICE ITS2 upgrade)
Radiation doses (non-ionizing) ~ 7 x 10® neq/cm? o
@ e N
Radiation doses (ionizing) ~ 5 MRad Qe‘ose’ﬂe“ ~10 x ALPIDE
o
Rate capability (mean/peak) (20/80) MHz/cm? Incompatible with ALPIDE
Readout mode Continuous > 20x internal bandwidth needed
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CHARACTERIZATION OF CMOS SENSORS (@ CERN, DESY

= MIMOSIS-2.1 telescope Experiment room
Auguste  Hasan Ben Mathieu Ali Al- Michael Mathieu
Besson Darwish Arnoldi Goffe tingun Deveaux Specht
"1 =1 25pm) 100/ ® :
—e— M2.1 (25um) E
6.5 |—a— M2.1 (50um) ? 98—

£ © J}/ 94

S -

»§ 55 I/ °§ 92— L .

§ be / 1 3 s -1vBB | 10V HV » -

8 s w | ——e—— pStop 50um - Matrix A - DC T

t + 88l e pStop 50um - Matrix B - AC .
n . pStop 50um - Matrix C - AC E
\T\\l.____-* 86 o pStop 50um - Matrix D - AC
| 45 L 1 [l - m---- Standard 25um - Matrix A - DC
e ) ¢ L 84 .. a. ... Standard 25um - Matrix B - AC
1L =i = ; A = Standard 25um - Matrix C - AC .
Vital i t ) : i ——=— Senderd2Gum MawixD-AC A N R
ital requirements 60 80 100 120 140 160 180 200 220 240 260 280 100 150 200 250 “300 350 400,
Threshold [mV] Threshold (e-) approximation
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EXPLORING NEW TECHNOLOGIES : TPSCO (65 nm)

NWELL
NMOS PMOS COLLECTION ~12 mm
— ] ELECTRODE 1} 1}
O o) It :“ 7777777777 | O O
PWELL | NwELL ) (=) ! PWELL NWELL R T e T e T B e L e e T L e

DEEP PWELL / N DEEP PWELL

Sta ndg”r

DEPLETED ZONE

DEPLETION BOUNDARY
P EPITAXIAL LAYER

well collecti
NMOS PMOS lectror
=}
LB O O ‘ L O
pwell nwell A pwell I
deep pwell Y deep pwell

low dose n-type implant

Modified

depletion boundary

~16 mm

P epitaxial layer

https://doi.org/10.1016/j.nima.2017.07.046

NMOS PMOS
= )

- - T O

pwell mwell !

deep pwell p

low dose n-type implant

Modified
with gap

P epitaxial layer

depletion boundary

depleted zone

https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013 Mu It | - Laye r Ret | C I e
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https://doi.org/10.1016/j.nima.2017.07.046
https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013

CriculT EXPLORATOIRE-65 nm VARIANTS

Variant | Process | Pitch | Matrix Sub-matrix

CE65-A std 15um | 64x32 | AC/21, DC/21, SF/22
CE65-B | mod gap | 15um | 64x32 | AC/21, DC/21, SF/22
CE65-C mod 15um | 64x32 | AC/21, DC/21, SF/22
CE65-D std 25um | 48x32 | AC/16, DC/16, SF/16

Prevent circuitry’s nwells from

To overcome the weak electric field
collecting charge

To obtain a full depletion near the edges
NWELL nwell collection nwell collection
we e/ B - = - - = -
------------------ T . — - T, = o e
[ ewene | NWELL pwel well “.l pwell l nwel pwell ,I ;1.’1_1 I .mu | nwel
DEEP PWELL Y DEEPPWELL |- Dl 2 -— reSineiIuu. gopwel 1N Nl e e
; . low dose n-type implant low dose n-type implant
:" ': depletion boundary depletion boundary
A or D (std) i C (mod) B (mod_gap)
\ DEPLETED ZONE / .
Standard Modified Gap
N /. \ depleted zone depleted zone
% DEPLETION BOUNDARY
P~ EPITAXIAL LAYER . L P epitaxial layer p- epitaxial layer
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BEAM TEST SETUP

Telescope: . . .
Reference Arms : 4 ALPIDE planes for track reconstruction Support prOVIded by Alice Collaboration
DUT : CE65
TRG : DPTS 4 frames for Pedestal map S

each event - Noise map Calibration file

Test beam:

May 2022 at CERN-PS

ALPIDE ALPIDE
A DUT i

Data acquisition:
" " (CEB5) T a

EUDAQ2
Event reconstruction
algorithm and data analysis

framework:
Corryvreckan

Beam

10GeV i -

Noise run-Beam run:
correlated double sampling
method (CDS)

. 0 2.5 7.5 12.5 15 Z (cm)

>
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PIXEL SIZE IMPACT

NWELL
NMOS PMOS COLLECTION
= = ELECTRODE =] -
O O i O g
PWELL NWELL |/ 1 PWELL NWELL
DEEP PWELL S A% DEEP PWELL.

~ Standard
15 um

' DEPLETED ZONE 4
4————‘——————q’\————>

DEPLETION BOUNDARY
P- EPITAXIAL LAYER

NWELL
NMOS PMOS COLLECTION
= ELECTRODE
O O n O o
PWELL J PWELL NWELL
DEEP PWELL DEEP PWELL

Standard
25um

DEPLETED ZONE

D e

DEPLETION BOUNDARY
P EPITAXIAL LAYER

x10° 10°
§  24E AUCETssWesbeam est praiminay O CESS(MLAT L 5l T ALIGE ITS0WP3 boam tost profimimy | O CEGS (LRI 1 3
2 ‘Process : std -Alstd- D (split4) Q o eam test pre lm/nary
5 22 @CERN-PS May 2022, 10 GeV/c-w - v, o 2 35 @CERN-PS May 2022, 10 GeV/c.x Process : std-A/std-D (spln 4)
e 2 ckcadebbet ;2024 §L‘.sm;um,.ma;m, Vi m0AY g Plotted on 12 Jan 2024 4 Vas = Vo= OV i
6 : SACampHV 10V, «1pA e : . b 5‘"“ “10KAY,, =04V
c 18 T _‘M“"' o 3 .................................. e ACAMp HV = OV L A fiirermsenssaiiiiiennans
~ : Ll s : : 0Camp:, < 14A
% 1.6 H % 25 MPV of cluster charge SF i hncd uuA Vm,.-“"
g 14 " T E(S)Ju:(:ev.r.‘wjndow;ief.:.é.,\.‘h 3 ....... é ’ : : Cluster window: 333
w § eed charge > 1006 i W Seed charge >100¢€, SNH >3

meg by Landau- Gaussan function

Fittin by Landau- Gaussian function
. §td-D(25 um) AC amp. it

1.5 F—[# ARy ......... : S std-D(25 um) AC amp.

0.8 " ........ | SO S N o —— ::g-ggg z:; g’(:; amp. std-D(25 um) DG amp.
06 R . | o e o std-A(15 um) AC amp. 1 - A\ S o ; . —e— std-D(25 um) SF

--a - std-A(15 um) AC amp.
--a - std-A(15 um) DC amp.

--& - std-A(15 um) DC amp. : :
0.5 RERERE s - ot : e --a - std-A(15 um) SF

--a - std-A(15 um) SF

1 s L

L |

e T H i Pl - " ey
0 1000 2000 3000 4000 5000 % 500 1000 1500 2000 2500 3000
Cluster charge (e) . Seed charge (¢)
A. Kumar, AIDAinnova 2024
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https://indico.cern.ch/event/1307202/contributions/5498695/

PROCESS MODIFICATION IMPACT

NMOS PMOS cotltction NMOS PMOS nwell collection
= L I ELECTRODE _____ [} - ==y ==} ] ]
e Sl i
PWELL NWELL ! L pwewL NWELL pwell nwell ! - | pwell nwell
DEEP PWELL 4 . DEEP PWELL. deep pwell 4 N deep pwell

low dose n-type implant

depletion boundary

NEPIETEN 70NE

A Standard P B - Modified with gap

P~ EPITAXIAL LAYER pel

x10°° x10°°

6 T T T | T T T T T T Chl CE65 MLR"1 T !_ 6 T T T T T T T T | T T T T | T T T Cl:“ CIE6|5 MLIR1 T T T T
§ 2 |~ -ALICE ITS3-WP3 beam test prellmlnary- ----------------- pmgess std( A/mod _gapB (split 4)— § = ALICE ITSS-WP3 beam test prellm/nary - Progess std( A./.'f'.‘.‘.’.g' _g.ep.-ﬁ (split
< N, - : o : Var VOV :
g 1.8 S5 mA1, 100 uA V. S04V g @CEHN PS May2022 1OGeV/c-n 5 L= SMA L = 100pA Y, 04V |
g 1.6 oo e g 25 . -ﬁ.g . . o o i o ;::: :«v.j‘n:“lﬂ__-}.‘:\
e 7] Y : MPV of cluster charge SF: lw-*‘ﬂ“ Vi =33V

1.4 . . )
;qc_,. g 2 ¢¢¢$ ' : “ Cluster window: 3x3
c 1o2F— - @™ o c :
w w Seed charge >100e, SNH >3

" Fitting by ‘Landau-Gaussian function
——«— mod_gap-B(15 um) AC amp.
—— mod_gap-B(15 um) DC amp.
—— mod_gap-B(15 um) SF
-~ - std-A(15 um) AC amp.

0.5 . NG --& - std-A(15 um) DC amp.

: ; ) ; - std-A(15 um) SF

meg by Landau- Gaussaan function

—«— mod_gap-| B(15 um) AC amp.

—— mod_gap-B(15 um) DC amp.

mod_gap-B(15 um) SF

std-A(15 um) AC amp.

- std-A(15 um) DC amp.
std-A(15 um) SF

& M o \ ] L d e A : f L
0 1000 2000 3000 4000 y 0 500 1000 1 500 2000 2500 3000
Cluster charge (e) Seed charge (e)

2! I
S ik bivilibirelviiliitin
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PROCESS MODIFICATION : CHARGE SHARING

R, (accumulated charge ratio)

1.2

0.8

0.6

0.4

0.2

- A4, HV10

ALICE ITS3-WP3 beam test preliminary

Entries (normalised)

Cluster Window :3x3

0.6

Chip : CE65 (MLR1)
Proce:

R, (accumulated charge ratio)

0.4 H

@CERN.PS May 2022, 10 GeVc =
1

0

2

Number of selected pixels by decreasing charge

E B4, HV10

Cluster window.: 3x3 . 05

Chip : CEB5 (MLR1)
: Process:: mod_gap-B(15 b 0.4
AAAAAAAAAAAAAA SUbHAtE AT

v,

aa ® Vo

-ov

Lo=5mAL_=100pA Y, =08V

ALICE ITS3-WP3 beam test preliminary
@CERN-Pé May 2022, 10 GeV/c =
LRl IRRE TESLI AL TAA AL RARE SAL SRt LS

gy
8 10 0 >

i |
4 6 8 10
Number of selected pixels by decreasing charge

Charge sharing (std) > Charge sharing (mod)
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PROCESS MODIFICATION : SPATIAL RESOLUTION

NwoS s coltEcTion el collocton
= ______ ELECTRODE =
e e R O o = S o
PWELL NWELL PWELL = 1 1
DEEP PWELL DEEP PWELL doep pwel

low dose n-type implant

‘epletion boundary.

DEPLETED ZONE

‘,‘\ "' DEPLETION BOUNDARY G
P EPITAXIAL LAYER ‘ P epitaxial layer

g 0.2lllllll'l]llll[lllllllllllllllllll]lllIIllll- §0~1B;‘—"""'"""""'""""""""'*""!""'—‘_.

o = ALICE ITS3-WP3 beam test pre/lmmary - Chip : CE65 (MLR1) : @ - ALICE ITS3-WP3 beam test prel/mlnary . Chip : CE65 (MLR1) H
g 0.18 :_ @CERN-PS May 2022, 10 GeV/c 1 : ,,‘l/’rf)vcesosv std-A/mod .gap- B (spht 4 g 0.16 [~ @CERN-PS May 2022, 10 GeV/cn : :’rf)vcess stds A/mod gapB (split 4)__
— — L= 5MA, 11100 pA V| o’v = - :
8 0.16 - ACamp:HY 210V, | Low= 1WA i 8 0.14 [ 2 R
i _DCamp:l,, i 1uA -~ - 0C g, (- 1uA =
g 0.14 - § SFihea- umv__ 33V 6 0.12 — TosEy L,‘-HMV =33V =
f = B bt H H
E 0.12 —— Fitting byGaussrantunaronr e E 0.1 :_ 7 leng by Gausstan function : - :
0.1 :_ —— mod_gap-B(15 um) AC amp. (c 4.0 pmy; E —— mod_gap-B(15 urﬁ) AC amp. (6=4.0 umI
E —— mod_gap-B(15 um) DC amp. (6 = 4.1 um[] 0.08 C .. —— mod_gap-B(15 um) DC amp. (o =,4.3u.m];
0.08 :— —e— mod_gap-B(15 um) SF (6 = 4.0 um)---- C —e— mod_gap-B(15 um) SF (o = 4.3 um) :
o -~ -~ std-A(15 um) AC amp. (¢ = 3.1um) 0.06 :_ -~ -~ std-A(15um) AC amp. (6 = 3.1um) . —]
0.06 :_ ---o-- std-A(15 um) DC amp. (o = 2.8 pm) o ---o-- std-A(15 um) DC amp. (o = 3.3 um) =
0.04 - --o-- std-A(15um) SF =28 pum) 0.04 =i oo std-A(15um) SF (o =3.1pm) —
0.02 - 0.02 - =
0_ i dedetototol s oo o 14 30 0-;. 1 L NP IR I T
-30 20 30 40 50 60 -30 -20 20 30 40 50 60
Xirack ™ Xcluster (um) y:rack ) ycluster (um)

Residual (std) < Residual (mod)
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CE-65 nm (v2) ...

* AC-coupled only

* Three processes variants (STD, GAP, BLANKET)

* Three pixel pitches values (15um, 18um, 22.5um)
* Arrangement variants

i‘lij— -2 - —i—f (& e Ifr - E\T =
I j regular 7 N staggered
| : N )

~ 0 W _ Wl YT I DW=y I'n

* An option for window readout

. Bealm tests @ SPS (April 2024) & DESY (May 2024): ongoing data
analysis
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OUR ACTIVITIES

NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR

PW:.- / l ‘TMLL j

DEEP PWELL

Epitaxial Layer P- B, ' """ ‘

Instrumentation :

« CMOS R&D (lightweight,
highly granular)

* Mechanics and integration

Simulation Phenomenology
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THE DETECTOR CONCEPTS

CLD

aT <ol

Scintillator-iron HCAL
Si Tracker

*  Well established design
* |ILC-> CLIC detector -> CLD
*  Full Si vtx + tracker;
*  CALICE-like calorimetry;
* Large coil, muon system

* Possible detector optimizations
* 0,/p,oc/E

IDEA

Instrumented return yoke

1
1
1
1
i
Double Readout Calorimeter
< C D R 27 coil

Ultra-light Tracker

+——— 0em—— >

* Engineering still needed for operation with
continuous beam (no power pulsing)
* Cooling of Si-sensors & calorimeters

* PID (O(10 ps) timing and/or RICH)?

campaigns, ...

1
1
1
B : MAPS
e : \ LumiCal
1 Pre-shower counters
1
1
1
1
1
1
1
. “ 13m >
| * Abitless established design
i *  Butstill *15y history
I Si vtx detector; ultra light drift chamber w
: powerful PID; compact, light coil;
1 * Monolithic dual readout calorimeter;
. * Possibly augmented by crystal ECAL
E * Muon system
§ Very active community
! * Prototype designs, test beam
i
1
1

Noble Liquid ECAL based

new

z
£
g
2
&

g

10m/2

12m/2
A design in its infancy
Si vtx det., ultra light drift chamber (or Si)
High granularity Noble Liquid ECAL as core

*  Pb/W+LAr (or denser W+LKr)
CALICE-like or TileCal-like HCAL;
Coil inside same cryostat as LAr, outside ECAL
Muon system.
Very active Noble Liquid R&D team
* Readout electrodes, feed-throughs,

electronics, light cryostat, ...

* Software & performance studies

FCC-ee CDR: https://link.springer.com/article/10.1140/epjst/e2019-900045-4
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FCCee activities @ IPHC : Tracking performance with CLD*

CLD-Like detector

® FEffect of smaller radius for vertex detector ‘
. 3
on dp resolution .
FCC- H
'E' 104§ T eex T T T silnglep‘l T T 3
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FCCee activities @ IPHC : Tracking performance with CLD*

® p7 resolution for single

® Effect of vertex spatial resolution on do and PT resolution M, T and e
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*G. SADOWSKI PhD

CLD 02 v05: VXD spatial resolution =3 pm
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OUR ACTIVITIES

NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR

PW:.- / l ‘TMLL j

DEEP PWELL

Epitaxial Layer P- B, ' """ ‘

Instrumentation :

« CMOS R&D (lightweight,
highly granular)

* Mechanics and integration

Simulation Phenomenology
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FCCee activities @ IPHC

N, N, N,
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*S. Rejai Internship in collaboration with CMS (E. Conte)
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FCCee activities @ IPHC: Mastering the workflow of the feasibility study

0.2

I'(Z — v, N¢) as a function of HNL’s mass
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* Phenomenology*
* Delphes simulation
e FullSimulation: dd4hep
e Reconstruction: key4hep, Gaudi
* FCCAnalysis
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*S. Rejai Internship in collaboration with CMS (E. Conte)
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OUR ACTIVITIES

NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR
L L
PWELL NWELL
A DEEP PWELL
T
o e
h
jh
toife
el B
h..

Epitaxial Layer P-

Instrumentation

s
v

Phenomenology

Simulation
And more...
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BEAM MONITORING & PROFILING FOR RADIOBIOLOGY

| matA mat B
|| DC pixels DC pixels (
|| modified ALPIDE-like |/MIM

| | 128x504 pix 384x504 pix

' I MIIM [ [ il “ﬁ“ i
‘ML#NL i j

collimator

channel 1 channel 0 channel 2 channel 3

26

Outside the
beam
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MIMOSIS @ CYRCE : BEAM MONITORING

Localized irradiation

for radiation tolerance studies
In case of heterogeneous exposure *:

¥ (om)

S8t 8835 %8
Iy
T

&
i

-
T & 8 8 3 8
y(mm)

¥ (mm)

Coll. dia. | (fA) | (fA) Difference
(mm) Cyrce MIMOSIS

2 29 3.0 4.6%
3 6.5 6.4 2.4%
5 i 474 18.7 4.9%
8 44.9 47.8 6.2%
10 70.6 7.5 1.1%
12 100.6 107.4 6.6%
15 571 59.8 4.6%
16 67.7 72.0 6.3%
18 80.5 85.1 5.6%
24 142.9 151.9 6.4%
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DISPERSION ESTIMATION AND HOMOGENEITY

1e6 Profile Collimator _110 mm

1.754

o~ 1504

E

S

~1.254

g

£ 100

€

% 0.75 1

£

]

T 0501 (@= 07 mm)
0.254 —— Experimental

— Fit (erf)

0.00 ¥ T T r
—-10000 -7500 -5000 -2500 0 2500 5000 7500 10000

X {um)
Distance (mm) 110 164
o (mm) 0,10 0,37 0,75 1,20
p1 (mm) -5,05 -5,10 -5,10 -5,10
p2 (mm) 5,02 5,00 5,10 5,00
Reconstructed diameter (mm) 10,07 10,10 10,20 10,10
Uncertainty on diameter (mm) 0,11 0,17 0,22 0,28

Dispertion correlation with increasing distance

12 = 0.02 mm|

= Fit : 0.007xD -0.041

25 50 75 100 125 150 175 200
Distance D from the collimator (mm)
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MIMOSIS @ CYRCE : READOUT CAPABILITY

Cyrce vs Measured Intensity - Matrix C - Chip 19 Split 3 Cyrceé vs Measured Intensity - Matrix C - Chip 24 Standart
240 x10° 240 x10°
g ; 2 - | : \ 2
220 —e— Cyrcé Intensity 220 —e— Cyrcé Intensity ‘
2000 —e— Measured Intensity 200F —®— Measured Intensity %
E ) C
180 e 1801 :
1eof . 160E
= £ E
£ 1401 .-E 140
e C ‘» E
@ 120 @ 120F
§ F £ 100F
B 100t /( & = /./ o —©
80 80
60 E 60
a0F yd a0-
20 E "/ 20; /
E‘ |\4I\\\I\\\I\\\I\\\I\\\| 07\ I T N [ N ) N N
0 23184 23185 23186 23187 23188 23189 23190 23191 23192 23132 23133 23134 23135 23136 23137 23138 23139 23140

Run Number Run Number

* Saturation level depends on the cluster multiplicity as expected.
* Max bandwidth at around 18 MHz/cm? — Average 15, max 70 MHz/cm?

* Reminder : there is two outputs on used chips, not 8 2 18 MHz/cm?2 x 4 = 72 MHz/cm?
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MODELING CHARGE CARRIERS TRANSPORT: TCAD AND ALLPIX2 SIMULATIONS

Hasan Darwish, DPG 2024
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& beam-test data
allpix-simulation

tt = 200 ns

12 14
Number of pixels in cluster [pixel]



https://www.dpg-verhandlungen.de/year/2024/conference/giessen/part/hk/session/27/contribution/3

Thanks for your attention
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