A detector for a Higgs factory and beyond: ILD-Workshop, CERN (Jan.15-17/2024)

Adapting the ILD vertex detector to
FCCee context and related R&D

FCCee requirements and needed changes
Comparison with other concepts
R&D within DRD3/7 framework
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Tracking/vertexing detectors in future e*e colliders

Bunchseparation(ns) 330/550 20/990/3000 25/680
PowerPulsing yes yes no no
beamstrahlung high high low low
Detector concept SiD ILD CLICdet CLD IDEA Lar Baseline IDEA
B Field(T) 5 4 I 2 2 2 3 >
Vertex StPixel StPixel StPixel StPixel SiPixel StPixel StPixel StPixel
VertexRmin(mm) 16 16 31 ~12 ~12 ~12 16 16

Tracker Ststrips TPC StPixel StPixel DC/SH DC/SH TPC ofStrips DC/Sk
(+RICH ?) strips stripsor St strips
Pixels

TrackerRmax 1.25 1.5 1.8 2.1
(m)
Diskslayers 4+4 2+5 6+7 3+7 3 2+6

(150mrad)

(FromD. Dannhein)

Largesimilaritiesbetweenthe concepts
but alsosignificantdifferences
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ILD & CLD concep®aeschl

IDEA concep@iacomell

" >

Inspiredfrom CLICdet
« FullSilicon»
Possibly+ RICH
Calo.insidecoil

Detector concept & vertexing/tracking
ALLEGRO concepi€ksa)
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ILD forcircular

s TPG

LumiCal FTD/SIT

VTX: 3 doubléayers
Calo.insidecaoill
TPC ?

January 18

A VTX_ Siliconpixels (CMOSAPS)
A Added dedicatedtiming layer ?
A Sharedconcerns MDI,beambackgroundjntegration cooling, etc.

Definingthe figure ofmerits

‘,

v

Vertexing
Taggingapabilitiegb,c t, s)
Impactparameterresolution

Standalonédrackingcapabilities
LowpTtracking
Vertex chargeletermination
Hit/track separation
Displacedrertex (LLP, etc.)
Acceptance

Physicgrogrampriorities
G

Tracking

Momentumresolution
Chargeadetermination

Robustnesgedundancy
Associatiorwith calo. clusters

Trackingefficiency faketracks

ILD
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ParticlelD
dEdx

RICH

Timingmeasurement
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Vertex/inner tracker main differences between ILC and FCCee

MagneticFields 35T A pTresolution
+anti-DID? (mandatory@Os—QOGeV) A Min pTto reachlayers
A Levelarm optimization?
Beamtime structure 2 msbetweentrains ~ Continuous A No PowerPulsingallowed
[ Power management morehallenging
BXtime ~300ns 20ns (90GeV) / 5 (250GeV)/ 3 A Singlebunchtiming capabilities
s (350GeV) dependon Gs
Beambackground e+e pairsdrive occupancy Lowerbeamstrahlungate A Timeresolutionnot drivenby beam
Cryostat + Faraday cage HigherSynchrotron radiation background

A Allowsbeampipe radiusreduction
A Cooledbeampipe + Goldoating
A RemoveCryostat ?

Beampipe radius ~15 mm ~10 mm ? A Lowerradius cancompensatethicker
beampipe
L 4.1m 2.2m A Forwardtrackergeometry
(IRPQuadmagnetdistance) A Formerworseforward trackeracceptance

@FCCe@aow compensatedy reduced

Crossingngle 14 mrad 30 mrad beampipe radius
Forwardtracker ~ 90mrad 150mrad|[ ~ 100mrad
acceptance
Z pole running ? Optimizedfor Gs = 250GeV DifferentpossibleCs A @ Z poleVerysmallstat. Uncertainties
# ofdetectors andbeyond optimizations call forverysmallsyst Uncertainties

A Largephysicseventrate (100 kHz)

January 1817th 2024 ILDWorkshop, A.Besson, Université de Strasbourg 4



screening

3D view solenoid

MDI i Forward region

Compensating
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vs = 91.2 GeV

Beam related Background ;

A Usually one considers that occupancy ~< 10-2-10-3 is safe for tracking/vertexing 10’}
A FCCee rate estimate
V  Gold coating + beam pipe cooling necessary to cope with synchrotron radiar -~
V  e+e- pairs occupancy (with 1 ns time resolution) ~< 10 (possibly higher at
pole)
A Less severe for circular ([ Rmin reduction ~10mm)) |
A Experience from ILC studies over 20 years cl
V  Any modification in the Interaction region (beam scheme, beam pipe design
field) might bring surprises
V  One should not consider that a 104 occupancy estimation means that there b
IS no issue. 040
A The robustness is questionnable
A Large possible variations in some acceptance corners (asymmetries inj or z)
A Safety factor absolutely mandatory (35 \ﬂ_
A 2 independant simulation tools would be welcome (GuineaPig, Fluka, etc.) - — .
A Experience from Belle-2 o | \/G Wwo QI Q
V  Discrepancies observed between simulations and first collisions

A (cf. backup slides)
A Direct beam background vs backscattered background m Be 400600mm

«—— Cooling

V  Generally the backscattered ones are more sensitive to any % Be 400600mm [~ 0.4-0.6% X

MDI change. " Aucoatingsmm | ~|L.C x 3l
A What about timing information to reject background ?

V  Need ~ 5 ns to reject backscattered particles r-10mm ~[.C x 0.7

V Is it worth paying the price in terms of additionnal power ? Beamline

A What about cluster shape to reject background ?
V  Need very good sensitive thickness/pitch ratio (> 2)

{ap i _ N2 30 . 9872 40r3 204
Ado|ms. ~ 0:0136Gel /Cro\/T LY A N (1o Ado|yen. =~ ﬁ\/l L 8o 8?20 N 40;;0 N 0;0
habankbabatl -"ng XU sin ¢ 2 LO 4 JECI Ulnveisite uc N +5 LO JEO J]-F’O J]-r’[)




Material budget discussion

IDEA: Material vs. cos() CLD: Material vs. cos(6) ILDmaterial

% Xo 30| Il Beam pipe [ 30 I Beam pipe ' R LI
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Expectedoerformances

n x ¢ pTOQw

Levelarm !
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Tracker requirements

Physics
a Momentum resolution A Level arm also plays a crucial
a Tracking efficiency role for the VTX
a Track separation, low fake tracks
a Etc.
A Material budget vs intrinsic resolution
V  Typically s, ~5-10 mm/layer ; material ~1-2% X,/layer ;
Power ~< 100 mW/cm?
V Low momentum vs high momentum ”~ physics input
A 2 main options:
V All silicon (CLD, CLICdet, SiD)
A Few high resolution layers
A Possibly timing capabilities
V Silicon + Gazeous detector
A TPC (ILD) / Drift Chamber (IDEA) / RICH (CLD ?)
A dEdx/dNdx capabilities,
A More hits, overall less materials
A TPC: lon back flow issue for circular colliders
A PID Strategy to be included (RICH, timing, dEdx, etc.)
Drasal, Riegler, https://doi.org/10.1016/j.nima.2018.08.078
dior/ Xo = (N + 1)d/ X,. d = layerthickness N = #ayers
Apr 0.0136GeV/e [ doe Apr 120,4pr | 5
pr ms. = “033BeLy Xy sind pr Ires. 0.3 ByL? VN +5
LDWorkshop, M-S t€rm dominates for pT~< O(100¥5eVc o




CLD / IDEA

0.005 _
'E s ez 3.395'2“ . F. Bedeschi
= 00045 — — IDEA MS only
O o.004f — CLD

el — — CLD MS only
0.0035 |-
0.003 -
0.0025 |~
ey 365 GeV
00015 |- am energy spread
- 91 GeV
0.001
0.0005 |-
0 :-A A A l A A A l A desmad l A A A 1 y — A l A
0 20 40 60 80 100
EYall o pt (GeV)

Aretheseestimatescomparable ?
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Feasibility studies @FCCee

Vertex detector: work ahead & preliminary conclusions

Work in progress: requirements from heavy-quark EW measurements g 'i/l(’hftig;l
. vontel

Preliminary conclusions

from having better vertex detector performances than the one provided by the
baseline detectors considered so far.

® FEngineering studies indicate that the material of the vertex detector layers, com-
pared to that of the baseline IDEA detector, can realistically be achieved. Special
care is taken in designing the beam-pipe and its cooling system, in order to min-
imise the amount of material in front of the vertex detector [164, 826]. Ongoing
R &D efforts to decrease the material budget are starting and will be ready for the
final report — for example, the ITS3 design [843] indicates that reducing further the
material is possible.

® |t should be noted that these requirements, tighter than the ones presented for a
linear collider detector, will have to be reached despite the additional constraints
set by the FCC-ee environment on the readout electronics of the detector: (1) its
power budget is tighter than for a detector operating at a linear collider (since
power-pulsing the electronics is not possible with collisions occurring every ~ 20 ns);
and (ii) it should be fast enough, better than about 1 ps, such that the integrated
background remains negligible [826].

2211.23 8

Preliminary conclusions
T'he performance of a gaseous tracker and of a full silicon tracker have been shown
ind quantified in several examples.

» Having a very large number of measurement points along the tracks, as offered by
a gaseous tracker, is crucial for an efficient reconstruction of Ky, A’s or other long-

lived particles that decay into charged particles, and will be a clear bonus for an
experiment with a stronger focus on flavour or BSM physics.

The momentum resolution offered by both designs looks adequate for Higgs measure-
ments. This statement probably holds as well for most electroweak measurements
with the notable exception of the 7 width measurement. For flavour physics at
the Z peak, where lower momenta tracks are involved, a low mass, gaseous tracker
is advantageous since the momentum resolution is minimally affected by multiple
scattering.

Optimisation studies are ongoing to further improve the momentum resolution of
the CLD tracker.

The tracker volume, that extends to a radius of about 2m, may have to be reduced a
little in order to free some space to accommodate a dedicated detector for charged-
hadron particle identification (see Section 8.4.6), in particular for the CLD tracker.
A _reduction by ((20) cm would have some impact on the momentum resolution,
which may be partly compensated by reducing the amount of material in the CLD
tracker layers.

2.11.23 13

E.Perez

expectedRecommandation: focus anaterialbudget

January 1817th 2024
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CEPC vertex detector optimization

c-tagging Detectoroptimizationfor CEPC
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M. Ruan ECFA WG3: Topical workshop on tracking ardexing

https://indico.cern.ch/event/1264807/contributions/5344222/attachments/265575

2/4599314/ECFR.pdf

January 1817th 2024
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https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
https://indico.cern.ch/event/1264807/
https://indico.cern.ch/event/1264807/

Timing & 4-D tracking

100ns 10ns 1ns
1 1 1
0 0 F
3 nsttbar 1ns ZH

A Time resolution Dt
V Bunch separation (3ns/1ns/20ns @ FCCee)
V Background rejection ? (1-10 ns range)
V Particle ID (10-100 ps)

A Usual drawbacks to go faster
V Power consumption
V Active Cooling & geometrical acceptance due to services

V In pixel circuitry [
V Fill factor, dead time
V PID Restricted to low momentum particles (~< few GeV/c)

A Still

V Forward region not covered by a central gazeous detector (TPC)

100ns
1

1

ons 1ns

Time resolution

20ns Z

BeamBackground rejection 7

~ 10ns

larger pixels (or multipixels)

V Added value for intermediate radii (e.g. LLPs ?)

A Specialized layers
V Doesnot

January 1817th 2024

compr omi se
A Probably not in the most inner layers

ILDWorkshop, A.Besson, Université de Strasbourg
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PID Technologies

Nicolio® Cartighia
legr

Particle ID and time resolution DRD4 & 1/3 [;:.*.,L ][ e J[ e ][m][mJ[m]

More detailshere:

A Goal:

V K/p, p/e” separation, etc. [ Interest to push beyond 10 ps resolution
V Even more important for the physics program @ Z peak

https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/HIRDA4. pdf

Fasttiming (<10Qps)

dEdx +dN/dx

Solid state fgixelated detector (DRD3)

Mainly gazeousletector,e.g TPC, DC, RICH (DRD1)

o SeparatiorPower

: . SeparationPower gignificanc :
Timedifference(ps) A SEP 6ig € A . ?edeschlelal Eur. Phys. J. C 82, 64!
s M t time of fight
Parile Separation (dEidsvs Nic) Analitic g } aNidx
1@(\ 1D prolonkeon —— o caleulations] | 3 k o comened
A L Kaonpion m— 10 R 10 . IDEA + TOF=30ps
. ponlcion —— | » ; i
§1oo SR plc::;:m_ :\‘ B K/’; s .II-..__\K/Plseparatlon
g Y ""'Z-'.. 1 " "':“ K/p 6:_ I'-ll J— -_.____1.-
3 3 e e
£ 2 :
o NSRRI ; 1 0 ] o —
! 2 amoﬁ,lanm Ié:\‘,]m 2 % A Momentum [GeWc:Q]
Time of Flightl dEdx ¢ dN/dx I Combinedmeasurement
>
Momentum (GeVc)
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https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
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PID Technologies

Anna Colalea
Leszek Ropelewski

Roxanne Guenette

Particle ID and time resolution DRD4 & 1/3 [;:.*.,L ][ R J[ s ][m][“}[“]

Nicolio® Cartighia
legr Roman Poeschi

More detailshere:

A Goal:

V K/p, p/e” separation, etc. [ Interest to push beyond 10 ps resolution
V Even more important for the physics program @ Z peak

dEdx +dN/dx
Mainly gazeousletector,e.g TPC, DC, RICH (DRD1)

https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/HIRDA4. pdf

Fasttiming (<10Qps)

Solid state fgixelated detector (DRD3)

4 SenaratiorPower
T| med |ffe renCE(pS) N Preliminary! analytic calc., assumes focusing target achieved ?edescm etal Eur. Phys' 1. C 82, 64t
?.f - ARC aerogel gas — K-nt ] e of o
N T 1T voston— 5 d ol ™ p-K o i
DN | o — ® e e  IDEA+ TOF=30ps
;100 .plﬁer:fer;gg:— :.;. r02) : j . I | K / Piseparation
NG 3 e
g 0F ST | .
£ 3 SR R [, NN NN V. S
g 1 10 . \ .
- ; A S RICH '«,_\.\ pal L ..;';'irt-—.. N
YT T o | N . i
mormentum [GeV1 i < 1 A Momentum [GeV/c
Time of Flight | o ‘ “nbinedneasurement

Ja:ul ParticlelD has tdoe integratedin the VTX/TRK concept r
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https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf

jet misid. probability
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s-tagging ?
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FCC-ee Simulation (IDEA)
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s-taggingin ILD ?
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A Fast sim

A Different scenarios

Particle gun muons

IDEA

Name Beam pipe | VTX layer; | Thickness of first Thickness of 8
radius [cm] | radius [cm] | 3 VTX layers [pm]| VTX disc layers [pm]

standard IDEA | 1.5 L7 280 280

+R1.3 1 1.3 280 280

+w100 1 1.3 100 280

+wb0 1 1.3 50 280

+w30 1 1.3 30 280
+w100_DSK 1 1.3 100 100

+w50 DSK 1 1.3 50 50
+w30_DSK 1 1.3 30 30

+L1_w30 1 1.3 layer; = 30, layers 3 = 280 | 280

IDEA Delphes simulation

E_ — e 1GeV, Standard IDEA: R(Layer1)=1.7 cm, w(VTX layers) = 280 um
(S m 1GeV, + R(Layer ) =1.3cm
D-cc’ 10° — A 1GeV, +w(firslS1VTX layers) = 30 um —
— * 10GeV, Standard IDEA: R(Layer ) = 1.7 cm, w(VTX layers) = 280 um -
o = 10GeV, + R(Layer )=1.3cm ]
I 1OGeV,+w(first31VTX layers) = 30 um -
RN ¢ 100GeV, Standard IDEA: H(Layer1) =1.7 cm, w(VTX layers) = 280 um _|
VSN L] 1OOGeV,+H(Layer1)=1.3 cm

102 = NN e A 100GeV, + w(first 3 VTX layers) = 30 um —
- AL R fit function = a @ b/(p sin®?(6)) -
= SOTsA . —
:\\ \"\\‘-_‘_‘ - . :
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0 [degrees]
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Progress on IDEA vertex detector in
full simulation ...

Armin llg, University of Ziirich

... and performance of an ALICE ITS3-

like vertex detector for FCC-ee

Leila Freitag, University of Ziirich

6th FC®hysicavorkshop
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A CLD_01 v04 = former geometry

J. AndreaG.Sadowsk{PhD) Z EBitar

An example of Full sim performances in CLD

A CLD_02_v05 = new beam pipe radius & material budget
V. 5mmAu+ 2 x 350 mm layers of BeAl + liquid parafin ~ 0.6 % X,[ mat. Budget +33%
V Innerradius: 15 mm [ 10mm

A CLD 03 v01 = Adding a RICH
V + Array of RICH Cells (ARC)

FCC-ee CLD
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Figure: DO resolution (10k events)

2 o p=1Gev, VDX res 3 um
o p = 10GeV, VDX res 3 pm
& p = 100GeV, VDX res 3 pm

* p
, VDX res 5 pm
[ Og p = 100GeV, VDX res 5 ym

. p = 1GeV, VDX res 7 pm
L] p = 10GeV, VDX res 7 pm
p = 100GeV, VDX res 7 pm

= 1GeY, VDX res § pm

Jan

A Needto reassesshe performanceglots optimization for FCCeeavith respect to ILContext
A Comparingesolutionsbetweendetector conceptsas tobe takenwith caution Qifferentlevel of realism
andconservatisnon thetechnologiefuture performances)
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Classicasingle
sidedlayers

(e.g ALICE ITS

Material budget: starting from the layers

Pseudostitching

+ bent sensors
(superALPIDE

Doublesided

layers

PLUME
(Bristol, DESY, IPHC)

Double sided ladders with
minimized material budget
0.35% ¥reached] ~0.3 %

« 1 silicon piece cut from one
ALPIDE wafer
(9x2 dies, ~1/2 of layer 0)

doable (with air flow cooling)

Selfsupported
silicon
(Belle2 upgrade)

Integration! Stitching

L 2+1
yers s +bent sensors

—_—
—— L ermmran
= s

ALICHTS3

7.1x1.5 cm?

Thickness (edge/center)
430/90 um

Planarity ~17 pm

Inputs for engineeringtudies

January 1817th 2024

ILDWorkshop, A.Besson, Université de Strasbourg

18



ALICE ITS-3 (Run4)

ALICE ITS2
0.8 .
Matenal bUdget Other Slrif;z?;;csa;e!l .
0.7 - s Water
H Carbon
- 0.6 - Aluminum
v Em Kapton
= . Glue
£ 051 Silicon
'E? — mean = 0.35 % 5\
£ 0.4 f;a\\,@** X
é Carbon foam spacers
= 03
g
= 0.2
v
0.0 : : : . . ! = Fowe
0 10 20 30 40 50 60 CMOSG sensal  CMOS sensor CMOS sersor  CMOS sensor

Azimuthal angle [°]

ITS3:
_ A 4 outer layers of ITS2
ITS2: A 3 new fully cylindrical
A 7 layers of MAPS !l

inner layers

ASensor size up to 28 cm
AThickness 3@0 um

ANo FPCs

AAir cooling in active area

A 0.05 % X/ inner layer

A TJ 180 nm CMOS
A 12.5 Giga pixels

A Pixel size: 229 pun?
A Water cooling

A 0.3 % X/ inner layer

[ ALICE I'TS$ paves the road for thstitchedsensorapproach
Cf. M. Wintempresentation CMOS technology Overview

Novembre 2023 FCC France, A.Besson, Université de Strasbourg 19



How to adapt ITS-3 approach to FCCee ?

A ALICHTS3/CERN drives the R&D on stitching + bent senst
V Sensor part ~15% of total material budget

V Sensors thinned down to 5@n or less ?
A Tests performed bALICE (to be shown in the ITH3R)

V Minimizing overlapping regions,
V minimizing minimal radius around the beam pipe
A Challenges and caveats (e colliders)
V Mechanics ? Bonding ? Air cooling only ?
V Power dissipation map could be a challenge
V Design Minimizing peripheral circuits (Fill factor ~90%)
V Bent sensor performancesY?eld ? Radiation hardness ?
[ design rules constraints the minimal pitch (~+88)
V ITS3 do not have disk (chip periphery adds Z position constraint)

V Approach validated in a limited radius range (R> 18mm) ?
A Trials performed by ALICE down to R = 10mm (thickneS8 Bth)

Figure 4.42: Setup for the bending strength measurements.

Endcap L Repeated sensor unit Endcap R
Pads 1 Peripheral circuits 2 Pads N~ 10 Pads

! ] : Tl i

£ | o HALEUNITTQ

<

& || =

-
39
™M «—— 25.5mm —Peripheral circuits Pads

Novembre 2023 FCC France, ~



CMOS technology: moving from 180 nm to 65 nm

Technology TowerJaz480 nm TPSC®65 nm

Availablesince 2013 2020
(maturetechnology (accesghrough CERN)
Large A ALPIDE for ALICE-&I'S A MOSAIX for ALICES3
surface A MIMOSIS for CBMIVD A DRD3/7 R&D ?
projects A OBELIX for Belle upgrade
Price affordable More expensive
Wafer A 8inches(20 cm) A Larger 12inches(30cm)
[ stitching+bent sensors
Epitaxialayerthickness A 18/25/30/40/50 nm A 10
Procesptions A «standard» A «standard»
A «modified», «gap» A «modified», «gap»
Technology A Featuresize(180 nm) A Featuresize(65nm)
A Vv (1.8V) A LowerV (1.2 V)
A 6 Metal Layers A 7 Metal layers

[ Pitchreduction power
saving
more functionnalites etc.

[ Strongmotivations to switch to amallerfeature size toincreasethe performancespace

Novembre 2023 FCC France, A.Besson, Université de Strasbourg
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TPSCo 65nm Submissions

BTSIIITIOO Gf [I0

5 mmns

— =l =

i MOSS/MOST (CERN) |ffil i MOSAIX (CER
i CE65_v2 (IPHC) — U SPARCS ? (IP
u Etc. u Etc.

ER1 ER3
(2024)7| (20257

o 2020 | 2021

i CE65_v1 (IPHC) MPR2 MPR3

i DPTS (CERN) —

i APTS (CERN) (2025) (2027?)

‘_{ -'F\;'_A‘NGEﬁI'NtE (EZ:ITDSPYI\% U Fine pitchdemonstrator (| i Fine pitchtelescope
u Et'ggosc' ators( ‘Ml .|| 0 Architectures exploration| i Fasttiming ?

u : L U Poweroptimization?

Ringoscillators

, SummmRLt GenericR&D via DRD3/

¥ APTS (CERN

Novembre 2023 nce, A.Besson, Université de Strasbourg 22




i MOSS/MOST (CERN) |
i CE65_v2 (IPHC)
U Etc.

u Etc.

i MOSAIX (CER
i SPARCS ? (IP

DRD technology area

CMOS pixel sensors.

Proposing participants

ER1
(2022)

DRD project: Fine-pitch CMOS pixel sensors with
precision timing for vertex detectors at future
Lepton-Collider experiments

DRDT 3.1 - Achieve full integration of sensing and microelectronics in monolithic

Institute Contact Foreseen main areas of contribution
APC Paris M. Bomben Simulations, testing

— | CERN D. Dannheim Testing, DAQ, ASIC design support
DESY 5. Spannagel ASIC design. testing, DAQ, simulations
IPHC Strasbourg A. Besson ASIC design, testing
Ouford University D. Hynds Testing, simulations
Zurich University A. Macchiolo Testing, DAQ, simulations

Novembre 2023

ERS3

—>

(20257

MPR3

(20277)

ne pitchdemonstrator

rchitectures exploratior

U Fine pitchtelescope
U Fasttiming ?
U Poweroptimization?

GenericR&D via DRD3/

% :: :? T nce, A.Besson, Université de Strasbourg
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Vertex detector proposal @ ILD for FCCee

CLD and IDEA Vertex Detectors designs (superimposed)

Technology: CMOS pixel sensor as a baseline MAPS with g, 3 m and X7¥, = 0.35% ey of 5
V  (probably the generation after TPSCo 65nm) - D concept:doubl ayersnGare/Endcap confguraton
MDI constraints (implemented by D. Jeans in the simulation)
V Inner layer as close as possible to the beam pipe: Rmin ~12 mm Figure made bjp.Contardo

Geometry partly determined by the main tracker
V Adaptable to any detector concept
Requirements
V  Minimized material budget (~< 0.15% X, per layer)
A Beam pipe radius/mat. budget fixes the requirement | TR N _
Spatial resolution ~3 mm / layer
Time resolution: ~ 500 ns
Moderate Power dissipation (~< 50 mW/cm?) allowing for air flow cooling
5-6 layers in the inner radius (~< 6-10 cm)
A Robustness / standalone tracking (, IDEA choice)
A Double sided option still considered but not easily compatible with a stitched approach
A «long barrel » preferable _ minimize the distance between IP and the first hit ILD_15_vi1

A Low momentum tracking capabilities j: I'
A Track seeding @ different radii : e.g. FIPs, highly ionizining particles, LLPs, etc. °F ‘°"| ,
V  «merge » VTX and SIT ? E Tein
A Same technology ? _ Power dissipation optimization oF | FCCee MDI
Other pixel layers close to the main tracker £
Stitched sensor: very promising approach by ALICE ITS-3 E
A At leastin the z dimension - ————y
A Bent sensor considered (caveat: acceptance) T

o o Do Do

[ Aucamrge = 15 mm X%, = 0.3%
"
k]
3
5
L]

< <<

X [om]

<<

A Timing measurement capabilities (< 100 ps)
A Either in a specialized/dedicated layer
A Or preferably included in the same technology if R&D allows it

D.Jeans

January 1817th 2024 ILDWorkshop, A.Besson, Université de Strasbourg 24
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Physics | ¢ P
grogr o [ e e Vertex detector requirements a  Flavourtagging >M%
oL lEs - a LowpTtracks : 7
g EE REl = £ 3 O (|LC/FCC€€) a Vertex/Jet charge
oo, e determination
T PhysiesoQ(Hz/eth a Track seeding

Beamthackgroun® (1650 MHz/cn?)

Vertex reconstruction
a granularity
a Pitch ~1720 nm
a (Sgp~34um)

CLD and IDEA Vertex Detectors designs (superimposed)

MAPS with o,;, = 3 ullind X/X, = 0.3% / layer of Si
p—)  Beam background :

+  CLD concept: double layers arrel/Endcap configuration

« IDEA concept: single closer rs in Long Barrel configuration
11

Material Budget
a ~0.186X,/ layer
a < 1% Xfor the whole VTX

Radiation hardness
O(100kRad/f) & O(189n,/yr R

. * 30y [, , 8o, 28,  40r§  20r | +~0.40.6 %X, for the beampipe
Rad.Taldevices tAdqle-es. o~ l.+ L + L3 + 7 T |
Time resolution g = 0.0136GeV/c [ d I N (1)’
O(lOOnsl nB) ‘ C(l]l R BPT "o X[) Sill(‘) \/l - 2 (L(]) - 4 (LO)
O(10ns)@CLI (Figure: DContardg :
Low material detectors &
Power consumption supports structures
~< 50mW/cm :
: b
Fast reaebut & low Power Cooling =00 g
i - 2 Stiffness / Alignment X v
Architectures (~ 260 mW/cm?) 9 a~5um & prt p U BOQ
No Powelpulsing@FCCee

A Design :5 single layers or 3 double layers ? Inner and outer radius ? Etc.

A R&D: [ Keep excellent spatial resolution, low material budget, moderate Power
e consumption and push towards better time resolution (BX )




Spatial resolution in Higgs factories

A Typical targets:

V s ,~3 nm for the vertex layers § _ _ P = 20 um
V s ~5 10 mm for the outer tracker layers § simulation oo
3
A R\?sgIItJCtrion in each layer depends on Z % Few bits ADC
A In conflict with the functionnalities inside the pixel _— Might be a good
A Favored by small feature size technology . N\ trade off
V Charge deposition S~ \: S - _—
A Sensitive layer thickness hN———
V Charge sharing (SNR vs resolution) R PP S B B .
A Depletion: . ‘ ¢ ’ m Nh“;;m
A Staggered pixels
V Charge encoding .
A Binary output /ADC / Tot / etc. @ % CMQOS pixel resolution vs pitch
§ | A lmmmiben i XN
S 1211 T Nimoead by (1ot repocessed 29
b\ - RS Sl IR Lf )
da0” =a* + |~ 37 JES
8

Levelarm ! | &

Ad0|7'es. ~ 30—7“.5 \/1 87‘0 98‘} 0 -10?"0 9076

4
N+5 +LO+LQ+L3+L4 e
0.0136 GeV/e LN (o ? .

Aa‘(:ll'-"ns ~ — el Ly | i | | | I
Bpr XD 51119 4 Lo % o 15 20 25 30 3 40 45 50

pitch (1um)
d = layerthickness N = #ayers [ sy -~ 3 mm Z[ pitch~15 -20 mm

January 16.7th 2024 ILDWorkshop, A.Be (assuming binary output, ~20 mm epi.thickness 7

& large depletion in 180nm tech.)



Plxel detectors Iandscape for FCCee detectors

ECFA

European Committee for

Alsofor tracking

Solid state detectors for future (4D) trackers

[Wi’rh avalanche gqin] [ avcl‘cflv::ﬁ:tgain ]
/ \ / Alsofor vertexing
[ Low gain mode ] [ High and Geiger made ] [ Hybrid J Monoiithic /
./ \ / 3
— ~ DEPFET,
[ ][ ][Bicmos] [ Planar ][ 3D ] [BiCMOS l[ CMOS ] FPCCD,
coupled coupled (SiGe) Si/Diamond Si/Diamond i

(SiGe) SO|
! T T

.. .. Y
Fasttiming, radiationhardness Granularity low power, low materialbudget

StStrips

Passive
CMOS

VTX hierarchy of the driving parameters
V  Granularity & material budget > Power > time resolution > Radiation hardness
Outer tracker
V Material budget still a must. Relaxed granularity [ possible focus on Power, time resolution
Specialized timing layers
V Timing layer [ Price to pay: granularity and/or Power
R&D needed to improve the parameter space

o Do Do Do

January 1817th 2024 ILDWorkshop, A.Besson, Université de Strasbourg 28



Power vs fast timing vs pixel size

Nicolo Cartiglia, INFN, Torino, VCI2022, 25/02/22

Brief considerations about electronics: power

“m“m Iemporql pre(:ls'on [p51 Power IW/cmzl

ETROC LGAD 1.3x1.3mm? -
ALTIROC LGAD 130 1.3x 1.3 mm? ~ 40 0.4
TDCpic PiN 130 300 x 300 pm? ~120 ey -

2 (periphery
TIMEPIX4 PIN, 3D 65 55 x 55 um? ~ 200 0.8
TimeSpotl 3D 28 55 x 55 pm? -~ 30 ps 5-10
¥
FASTPIX monolithic 180 20 x20 pm ~130 40
miniCACTUS monolithic 150 0.5x 1 mm? - 90 0.15-0.3
MonPicoAD ;202 LiTs 130 SiGe 25 x 25 pm? - 34 40
. LGAD .
Monolith e 130 SiGe 25 x 25 pm? =25 40

“+.J

a, INFN, Torino, VC

Low-gain
(LGADs)

Hybrid

DC-
coupled

Resistive Si Det. Pl 3D
(AC & DC) anar Si/Diamond

)

m Nicolo Cartiglia, INFN, Torno, VCI2022, 25/02/22

Price topay. additionnalcooling
[ o g ] [ ] system &ddtionnalmaterial)

BICMOS BICMOS
[ (siGe) ] [ (5iGe) J [ SIS J

16 1, Université de Strasbourg
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From M. Dam

Compact RICH detector for FCC-ee

Compoasite vessel wall

« Design goal: Compact design, max 20 cm depth, few % X,
« Use spherical focussing mirrows, r = 30 cm, for radiator thickness of 15 cm ______._/_/\_______

+ Two radiators

0 Aerogel
o Gas Radiator gas
+ Unpressurised C4F;ygives good momentum range for K-t separation, with Asrogel _ Photosensor array
acceptable photon yield e —— Coolng plate
+ Pressurised Xenon may provide similar performance if fluorocarbons —_— -_—
unacceptable ARC detector (one cell)
Zoom on tracker K-mt separation
. N A quarter of CLD
A 2.2m — . " _~—Gas
N 20 Barrel ) — r ot ¥ _/_/ Aerogel
B Sy
N . ,,;:/ :
oo c 10 I
2.1 & - .
4 M 8| Proposed ARC
| detector
PR : ._ :
T T | . . E E 1 10 Momentum (G JJ
e : R.Forty, 9th FCC Week, 2023 lomentum (G}
Mogens Dam / NBI Copenhagen CERN EP Seminar on Future Colliders 20.06.2023 19
30
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A CE_65v1 (MLR1 submission)

V prototype designed @IPHC C E65 Vl

= == ) FARICILES 0 ARSELLE
V  Analog output, various designs (pitch, PICSEL C4PI-Platform CPPM
amplification) |P|-|C eurl7an AIDA
A CE_65v2 (ER1 submission) bt innova
V 18/22 mm pitch, hex design PRE-AMPLIFIER SOURCE
VoD23 FOLLOWER
V Test beam next week @ DESY e [ eser vopas ¥ NoP3
V More results: PSD13, Oxford, El Bitar HV_geseT :© _lEI S
. s * ¥ Capr _%
| Variant | Process | Pitch | Matrix Sub-matrix - W
CEG5-A std 15um | 64x32 | AC/21, DC/21, SF/22 1 |
CE65-B | mod gap | 15um | 64x32 | AC/21, DC/21, SF/22 T — »
- - ; 22 A Q2
CE65-C mod | 15um | 64x32 | AC/21, DC/21, SF/22 EE - Bh . une B — < I
= E &J — 6x32 6x32 D: 16632 <o
CEG5-D std 20pm | 48x32 | AC/16, DC/16, SF/16 » Qﬂy Qﬁ
! f ! R 64(48)
. COLUMN SELECTOR
t NBOSY (i OANDIAGNEQA yo6Stta FTNRY Y e o
collecting charge To obtain a full depletion To overcome the weak electric field
near the edges
NMOS PMOS COEIEELTEON NMOS PMOS nwilleocil\gggon NMOS PMOS nm:;'ll\ecc?w\fion
[ - ELECTRODE ______ | _| | ! - | | | rd — . L1 |
e | e cm o R B [ e | e O e
DEEP PWELL DEEF PWELL . Geepel R deeppuel || Ceppwel " L desppwt
; \ low dose n-type implant low dose n-type implant
AorD (étd) E C (mOd) depletion boundary B @Od_gap depletion boundary
Standard © T, Modified Gap
' depleted zone depleted zone
X DEPLETION BOUNDARY
P~ ERITAXIAL LAYER N o P epitaxial layer - epitaxial layer

= a

Novembre 2023  Mesildelora/l0.101600ma2017.07.016 - FCC France, A.Besson, Université de Strasboutigopscence iop orqaricieno 10ss7a2211ai05c0s013 31



https://indico.cern.ch/event/1230837/contributions/5518129/
https://indico.cern.ch/event/1230837/contributions/5518129/
https://doi.org/10.1016/j.nima.2017.07.046
https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013
https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013
https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013

Challenge: understand beam related backgrounds

A SOUFCGS Breil-Wheeler Bathe-Heitler

V Incoherent pairs (« beamstrahlung ») R AR

V  Synchrotron
V  Beam loss (circular machines) A A
V Radiative bhabha

V Beam gas, efc.

To I

Experience from ILC studies over 20 years

e

Landau-Lifshitz

i

Usually one considers that occupancy ~< 10-2-10-2 is safe for tracking/vertexing purposes

V  Any modification in the Interaction region (beam scheme, beam pipe design, B field) might bring surprises
V  One should not consider that a 104 occupancy estimation means that there is no issue.

A The robustness is questionnable

A Large possible variations in some acceptance corners (asymmetries inj or z)
A Safety factor absolutely mandatory

A 2 independant simulation tools would be welcome (GuineaPig, Fluka, etc.)

Experience from Belle-2
V Discrepancies observed between simulations and first collisions

A Direct beam background vs backscattered background ~—

V Generally the backscattered ones are more sensitive to 3.0{
any MDI change.
A What about timing information to reject background ?
V Need ~ 5 ns to reject backscattered particles
V Is it worth paying the price in terms of additionnal power ?
A What about cluster shape to reject background ?
V Need very good sensitive thickness/pitch ratio (> 2).
V Charge information helps.
V  (you actually reject very low pT particles)

b
=]
.

hJ
Ln
s '

SVD occupancy [%]
(= =]
o wn

=
n

o
o

Belle Il = 5VD

two-photon

REB

BHYide

BHWide LA

HER Brems x3

HER Coulomb x3
HER Touschek x0.2
LER Brems x5

LER Coulomb x5
LER Touschek x4
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Example of background study: ILD, from linear to circular

simulation model of ILD @ ILC T 15[ DD B05 snergy sum= 20043
. nominally 3.5 T field > 1o D. Jeant CWS2023
3 40 oF
0 el R
20 :1:: ILC-250 § 403— ::tg:g’_‘i,(z,as
590 5 0 5 10 15 e
10 x [om] sor ==
: _— eamstrahlung core I i
QfReeecccccccscccccssccccccccnss R it 51 _akiya_s5_250A_VTX_time _
-10 time of vertex =
50 detector hits from : * :
BS phi [rad]
-30
-40
_50 I 180 1 ) I LA I ELf ¥ 1
0 50 100 150 200 250 300 350 400 | ol b L TSI
Hit Time [ns
AdaptMDI, B = 2T, [ns] 1
Sensitive treciseB-field map ”
AdaptBeamstructure 10
Effectin TPQGlsobeingstudied ’
-10
-20 107
at FCCee, -30

guasi-continuous ion cloud from ~14M bunch crossings 40

M AV BTRRRIRINAY NI IO I S I (i 1078
50 100 150 200 250 300 350 400 450 500

- at FCCee, MDI extends to ~1m from IP
- 6 times more beamstrahlung background hits in TPC

May 30th 2023 A.Besson, universite de Strasbourg 33



https://indico.slac.stanford.edu/event/7467/contributions/6057/attachments/2921/8092/lcws23-backgrounds.pdf
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Example of study in CLD

US FCC workshop 25/04/20€8rma

. Layer 1

au]
Y

the Inner Tracker (IT).

E 7 vos | Incoherent Pairs Creation (IPC)

Timing information might be used to suppress thias background,

g Non negligible contribution from backscattering - in particular for

DIk T | During reconstruction this signal could be rejected offline, further
roducnng the (already low) effect of this background.

g oo
R e e e e R e ? a0
: | I8
- l ‘ Layer 1 00 —_—
|

Arrival tme at
detectorn, consistent
with sxpectations:

VXDB L1: 0.05~0.9

oy

mMBLLDI~1LTm

k- ITE Ton

0

m &
IIv
¥ sk 1 | Sev—
Disk 1 .00
J 04

a
25 04 0 0b

T 810 18 20t

Ill‘
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BX ratemightbe an
Issue at the fHole

Timing resolution
range toreject
background ~ 1 ns
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