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Why study VBS?

Vector Boson Scattering (VBS)  and Vector Boson Fusion (VBF)

v

. are sensitive to:

trilinear gauge coupling quartic gauge coupling hVV coupling
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Each diagram individually is g e ™
divergent towards high energies Tl ]
S
But divergences precisely cancel: H Sl ]
— Highly sensitive probe for ‘ e
electroweak physics o & o

= source: arXiv:1412.8367


https://arxiv.org/abs/1412.8367

There is no such thing as a VBS/VBF measurement on its own!

Gauge invariant set of Vjj/ VVjj diagrams at O(a3,) / O(af,) tree level:

VBF/VBS Weak Boson Bremsstrahlung
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® Negative interference between VBS/VBF and weak boson bremsstrahlung
® Instead: measure electroweak (EW) production of Vjj and VVjj
® |n this presentation: Semileptonic VVjj



The ATLAS Detector

Common experimental signature of VBS events:
® Dijet system jj with large invariant mass myj;
e Different sides/hemispheres of the detector
® | arge angular separation

\TLAS-PHOTO-2020-037-

Muon Spectrometer

Simplified event display of a fully leptonic VBS candidate event in the ATLAS detector


https://cds.cern.ch/images/ATLAS-PHOTO-2020-037-4

Semileptonic VBS

resolved
signal-jets

Analysis Goals:
® Measure EW VVjj

® Cross-section in fiducial region
— Differential if possible

® EFT interpretation
— Search for aQGC
— Sensitivity in high pt needed

Final State:

® 2 tagging jets:
Forward
Opposite Hemispheres

® 1 boson decays hadronically:

2 R = 0.4 signal jets (resolved)
or 1 R = 1.0 signal jet (merged)

Small-radius jets | Large-radius jet

(o

resolved merged

® 1 boson decays
O-lepton: Z — vv
1-lepton: W — (v
2-lepton: Z — ¥/



Previous Analysis

August 2019: Previous Analysis with 35.5 fb™': Phys. Rev. D 100, 032007

® Simultaneous max-likelihood fit on BDT outputs in all SRs and CRs
® Cross-section measurement in fiducial region
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® Signal strength: 12, = 1.05 % 0.20(stat) -3 (syst)
® Significance: n‘;bs =27, ng® =25

source: Phys. Rev. D 100, 032007


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032007

0-Lepton Event Selection
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EATLAS work in progress

Pileup reduction:

® Pileup affects tracker and
calorimeters differently
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Two approaches for MVA final discriminant:
® Baseline: Full selection (tag jets & signal jets), multi variate analysis on

Events

high level variables

® RNN approach: Only signal-, no tag-jet selection, rely on recurrent neural
network (RNN) with four-vecor input from all jets to distinguish VBS from

non-VBS

Signal composition in merged SR
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Events from baseline + RNN:

VBS + other: 57 + 21

Bl vv:si6
B op: 7+ 25

ATLAS work in progress
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® Hatched: Baseline selection

® Filled: Additional events from
RNN approach (dropping tag-jet
selection)

¢ Underflow bin: No two tagging
jets reconstructed

Top processes Triboson
processes
b e-

— Most events added by RNN approach do not have reconstructed tag-jets



Summary & Outlook

Semileptonic Vector Boson Scattering
at the ATLAS detector

Summary:
® Previous analysis significance: n% = 2.7 at 35.5 fb!

* New study with 139 fb~! in progress:
® Cross section measurement of semileptonic EWK VVjj in fiducial region

aQGC study with EFT approach in progress
Studies on signal composition (VBS/ non-VBS contributions)

® Two approaches for MVA final discriminant:

® Baseline: full selection (tag jets & signal jets) and then BDT or NN
® RNN approach: only signal-, no tag jet selection, then RNN
® Novel RNN approach must be verified against baseline

Goal:

® Obtain 5 sigma observation of the VBS process in semileptonic final state



Part Il:
Planar Pixel Sensors for the ATLAS ITk



LHC Upgrade

® LHC will be upgraded to High-Luminosity (HL-LHC)
® ~ 60 — 200 interactions per bunch crossing

® Current inner detector must be upgraded to satisfy new requirements

LHC HL-LHC
Aun 1 | | Run 2 | Run 3 Aund-5...
Ls1 [evers]
13 TeV 13-14 TeV 14 Tev aneray
splice cansoidstion LU insiaitt
7Tev BTeV O cnelme netalistion HL-LHC 5107.5 x nominal Lumi
I e regons 117 dipole coll. installation
FEE, cwieng pies I
ATLAS - CHIS =
experiment upgrads phase 1 Garmge ATLAS - CMS
peempiees nominal Lumi__ZX0OTAElLUmL, - ALICE - LHCD 2% nominal Lumi
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The ITk Detector
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Pixel Barrel Pixel End-Caps

Inner Detector (ID) will be replaced by full-Si Tracker (ITk):
® Has to be able to survive the harsh radiation environment of the HL-LHC
® Increased coverage up to 4 n with at least 9 points per track
® Quter Part: Si-strip detectors:
® Inner Part: 5 layers of Si-pixel detectors (covered in this talk):
® Inner layer (LO): 1188 3D sensors (150 um), 34 mm from beam
® OQuter layer (L1): 1200 planar sensors (100 pm)
® Quter barrel and endcap (L2-4): 6816 planar sensors (150 pum)

ATLAS ITk Pixel TDR, CERN-LHCC-2017-005

Current pixel system New ITk pixel system
~1.9 m? of active area ~13 m? of active area
2000 modules 9400 modules

92 Mega-pixels 1.4 Giga-pixels 11



Planar Sensors

Layers L0-4 equipped with planar
sensors:

® Quter layer (L1): 100 pm thickness

® Outer barrel and endcap (L2-4):
150 pm thickness

® Pixel size of 50x50 um?

® | 2-4 expected to survive full
amount of irradiation
corresponding to 4000 fb™*

® L1 replaced once (— 2000 fb™!)

Testing Campaign:
® Visual inspection
® Electrical measurements

® Beam tests
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Planar Sensors

Single (SC), Double (DC), and Quad (QC) layouts
® Prototypes from various different foundries tested
® Final modules will all be quads

13



Visual Inspection

Visual inspection requirements:

® No stains, residues, scratches
® No chips > 40 um at edges
® No shorts between pixels

Thickness and planarity
requirements

Results:

® Most sensors show no visual
defects, some exceptions

14



Electrical Characterization
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Requirements for Qualification:

Depletion voltage Vgep < 100 V (for 150 pm sensors) measured at 1 kHz
Leakage current feax < 0.75 A /cm? at Vyep + 50 V

Variation of leakage current Alea < 25% measured over 48 h
Breakdown voltage Vireak > Viep + 70 V

(Vbreak defined as V at which feax increases by > 20% over AV =5V
step)

15



Beam Tests

Hit effiecincy measurements at DESY test beam facility:
Modules: Planar sensor bump-bonded to RD53 front end chip
® Unirradiated and irradiated to two fluences
3 measurement campaigns at DESY: Sep and Nov 2019, Jun 2020
At least one measurement per vendor per fluence per thickness

Requirements on sensor efficiency:

Measurement voltage

000 |
100 and 150 um thickness Vdepl+50V
100 um thickness 300V
400V

400V
600V

Fluence

Before irradiation
F=2x10% n,/cm?.
F=5x10% n,/cm?,

F=2x1015 neq/cmz,
F=5x1015 neq/cmz,

Hit Efficiency
>98.5%
>97%

>97%

16



Summary

Planar Pixel Sensors for the ATLAS ITk

ATLAS Inner Detector will be replaced with full-Si ITk:
® 1188 3D sensors at high-radiation inner layer

® Pre-production started
® 50 x 50 pm and 25 x 100 pm layout

8016 planar sensors in outer layers

® 50 x 50 pum layout
® Extensive Market Survey to qualify vendors

Production for both sensor types forseen for mid 2022 - mid 2024

QA/QC ongoing during pre-production and production
® Both type of sensors demonstrated necessary requirement for 1Tk

17



Backup Slides

Additional Material
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VBS/VBF at ATLAS

Standard Model Production Cross Section Measurements
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Status: March 2021
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https://cds.cern.ch/record/2758261?ln=en
https://inspirehep.net/literature/1279489
https://inspirehep.net/literature/1759885
https://inspirehep.net/literature/1738841
https://inspirehep.net/literature/1792133
https://inspirehep.net/literature/1711223
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RNN(resolved)

Recurrent Neural Network

Feed-Forward Neural Network

Baseline selection MVA:

Simple feed-forward NN
Using high-level input variables

Tag-jet selection for VBS-like
events

But some VBS-like events lost by
this

No-tag selection RNN:

Dropping selection on j*28
Full jet four-vectors as inputs
in addition to high level variables

Recurrent architecture (RNN)
allows variable input length

Here: Each event has a different
number of jets

Rely on RNN to learn VBS-specific
jet configuration



Fiducial Selection:

Object defi

on:

° Zgood: “/Etruth

with pp > 20 GeV and || < 2.5
o gveto.  setruth iy pT > 7GeVand |n| < 2.5
® R=.4 jets j: j'UN with (b > 20 GeV and |n| < 2.5) or (p1 > 30 GV and |n| < 4.5) and AR(¢£8°°d) > 0.2

® R=1. jets J: JUUtN with pr > 200 GeV and |n| < 2
® blabeled jet jp: j with 'HadronConeExciTruthLabellD’ = 5
tag jets: highest-mass (jj) system from all j with eta(j1) * eta(jp) < 0 and not b-labeled

resolved sig jets (jj)5': two leading pT Jj excluding jj*38

®  merged sig jet JSI&: leading-p1 J with AR(j*€) > 1.4

Channel selections: Regime Definitions:
o Glent ® merged: JSI8 has 64 < m < 106 GeV
-lepton: )
. #T > 200 GeV ® resolved: (jj)*€ has 64 < m < 106 GeV and pT(jISe'fd) > 40
e __ (yveto GeV
® 0 or 2 b-tagged j*'8, no other Selection order (VBSFidType):
VBSFidType || channel | regime
® 1lepton: 0 0-lepton merged
1 O-lepton | resolved
° #T > 80 GeV 2 1-lepton merged
e __ 1 ggood 3 1-lepton resolved
. 0800d) 5 27 Gev 4 2-lepton merged
° ggf}—\abele)d jets 5 2-lepton resolved
Tag jet selection (passFidMjjTag):
®  2lepton: ® b1 of both /1€ > 30 Gev
. =2 egZOd . (ﬂ)tag > 400 GeV
. 200 ml e
PT(Z\eadd) > 28 GeV
° 80O
pT(zsub-lead) > 20 Gev

® 0 or 2 b-labeled /58, no other



Number of signal events after various extra selections to reduce non-VBS signal:

baseline selection:

merged HP SR merged LP SR resolved SR
selection | events | % fid. | %t | %V | events | %fid. | %t | %V | events | %fid | %t]| %V
nominal 68 43 10 4 114 40 12 5 1339 23 28 5
nominal+topMass 58 46 7 4 94 45 8 4 717 31 14 4
nominal+bVetoExcl 62 46 6 4 103 44 8 5 1197 25 22 5
nominal+bVetoExcl+topMass 55 48 5 3 88 47 6 4 683 32 12 4
nominal+bVetoExcl+bVetoSig 56 48 4 4 92 46 5 5 972 29 13 6
nominal+bVetoExcl+bVetoSig-+topMass 50 50 4 4 80 49 4 4 588 35 7 5
no-tag selection:
merged HP SR merged LP SR resolved SR
selection | events | % fid. | %t | %V | events | % fid. | %t | %V | events | %fid | %t]| %V
nominal 130 23 25 15 233 20 28 15 2809 11 43 12
nominal+topMass 100 28 17 13 167 26 19 13 1253 19 27 10
nominal+bVetoExcl 105 28 14 16 185 25 16 16 2197 14 32 23
nominal+-bVetoExcl+topMass 86 32 10 13 144 30 12 14 1096 21 31 10
nominal+bVetoExcl+bVetoSig 92 30 10 16 159 27 11 17 1680 17 20 15
nominal+bVetoExcl+bVetoSig-+topMass v 34 7 13 125 32 8 14 894 24 13 11

Extra cuts:

® topMass: m, > 200 GeV where m,: mass of (jj) + additional jet (triplet
closest to SM top mass)

® bVetoExcl: no R= .4 jet (excl. sig jets) b-tagged
® bVetoSig: == 0 or 2 signal jets b-tagged
Fractions:
® % fid: Fraction of events passing fiducial selection (resolved + merged combined)
® % t: Fraction of events that have a top in the diagram (truth info)



Reweighting

m(jj)t® reweighting in 0-lepton: Procedure:
® Well-known mismodeling in Sherpa W /Z+jets Fit ratio of W/Z+jets
samples to data - all other MC
e Common issue among VBS/VBF analyses o

ATLAS work in progress

® m(jj)™8 reweighting derived in 1-lepton/2-lepton o
(W/Z) CR too strong for O-lepton

® |ndependently deriving W and Z reweightings in
0-lepton CR reduces slope substantially

e

RS U N

R W
m(j™) [GeV]

no reweighting reweighting from 1/2-lep reweighting from 0-lep
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Shape systematics (0-lepton):
® Shape systs. from ratio of shape in Sherpa (nominal) and MadGraph (syst)
® Normalized to MadGraph
® Rebinned (from right to left: merge bins with < 50 events)
® Two options: With and without m(jj) reweighting in Sherpa
Wjets:

merged LP SR resolved SR

£ ATLAS work in progress [ ATLAS work in progress, ATLAS work in progress

24



Evant Ratio Sherpaiadgraph

Shape systematics (0-lepton):
Z+jets:

merged HP SR

merged LP SR

ATLAS work in progress

ATLAS work in progress

resolved SR

25



Olep Cut Flow

merged HP SR — merged LP SR
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Table: sequential event yields scaled to a luminosity of 139 f6—L in all signal (SR) and control (CR) regions after each consecutive cut.
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lep Cut Flow Raw
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Ta ble: Non-scaled sequential event yields in all signal (SR) and control (CR) regions after each consecutive cut.
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Analysis regions:

Discriminants
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Object Definition: Jets

Small-R-jets j:

e EMPFlow

® AntiKt with R=0.4

® pr(j) > 20 GeV
Large-R-jets J:

® | CTopo

e AntiKt with R =1.0
pr(J) > 200 GeV

Trimmed with £, = 5.0,
Rsub = 0.2 (Kt-reclustering)

Track-jets jtrack:
® From PVO0-Tracks
® AntiKt with R = 0.2

Tagging Jets (jj)¥8 :
® dijet small-R-jet system jj with:
* An(jj) <0
* max(mj)
Signal jets (jj) :
® dijet small-R-jet system jj with:
* min(|mw,z — my])
® selected after tagging jets
Signal fat jet Jse :
® leading pr large-R-jet J
e with AR(J, *8) > 1.4
B-tagging:
® MV2cl10 algorithm
® ¢ = 70% working point (in tt)
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Object Reconstruction:
® e: isolated clusters in EMcal matched to ID tracks
® Fr>7 GeV
® |n| <247
® {loose,medium,tight} id to separate from hadrons
® ;: combined fit from MS and ID
® pr >7 GeV
® |n| <25
® {loose,medium,tight} id from #hits in ID and | & — L
® /(e,u) isolation:
® from Y pr of tracks in pr-dep. cone around /
jets: EMPFlow(R=0.4)+LCTopo(R=1.0)
b-tagging for j at 70% (in tt), rejection factor: 380(L), 12(C)
j(R=0.4):
® pr > 20 GeV at |n| < 2.5, pr > 30 GeV at 2.5 < || < 4.5
® vertex tagger PU supr. for j with pr < 60 GeV and |n| < 2.5
J(R=1.0):
* pr > 200 GeV, |n| < 2.0
jirk(R=0.2) (#jt> used as BDT input):
® pr>20GeV, |n| <25
e EMss: neg. vectorial sum of pr(e, i, )
pTiss : neg. vectorial sum of all good ID tracks assoc. to PV

30



Overlap Removal:
e jremoved if AR(j,e) < 0.2
® e removed if 0.2 < AR(j,e) < 0.4
e jremoved if AR(j, ) < 0.2 and (j has < 3 tracks or small AE, p(j, 1))
® 1 removed if 0.2 < AR(j,u) < 0.4
J removed if AR(J,e) < 1.0

® no overlap removal between J, j, and jtrak

W/Z tagging (in J):

® pr dependent requirement on Déﬁzl)

® must be in pt dependent window around mpeson
e working points of 50% and 80%
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2019-08-22: Previous Analysis with 35.5 fb~!: Phys. Rev. D 100, 032007

Prev. Analyis: OLep Event yields: Prev. Analysis: Uncertainties:
Sample Resolved Merged HP Merged LP U taint
W+ jets 9200+1300  259+27  582£56 ncertainty source Ope
Z + jets 19000+ 1400  383+29  955+69 )
Background  Top quarks 3280+480 27728 276+32 Total uncertainty 041
Diboson 720 + 120 69+12 6814 Statistical 0.20
Total 3210042000 988450 1881496 Systematic 0.35
W(ev)W(gq') 5622 80432 5422 - - —
W(tv)Z(qq) 12.0+£4.7 21408 1.6£0.6 Theoretical and modeling uncertainties
Signal Z(r)W(gq’) 66+25 9.0+35 74429
Z(v)Z(qq) 2710 5120  3.1x1.2 Floating normalizations 0.09
Total 161+35 243+52  17.5%3.9 Z +jets 0.13
SM 323002000 1012450 189896 W+ jets 0.09
Data 32299 1002 1935 tr 0.06
Diboson 0.09
Multijet 0.04
Signal 0.07
MC statistics 0.17

Experimental uncertainties

Large-R jets 0.08
Small-R jets 0.06
Leptons 0.02
EpS 0.04
b-tagging 0.07
Pileup 0.04

Luminosity 0.03



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032007

Electroweak Zjj (VBS): a T z

® Leptonic decay: — (107 jj Wi . .
(6 =-e,n)
® 8 TeV paper (20.3 fb?): Tw T e

5 o observation
e First 13 TeV paper (3 fb™1): Strong Zjj a z
Fiducial cross-section
® Current 13 TeV paper (139 fb1):
Differential x-sec measurement:
® With respect to 4 observables: m(jj), |Ay(j)|, A®(jf), pr(¢f)

® Short term goal: Gives handle on which MC Generator models VBS/VBF
most reliably

q (c) q 9 (d) q

® Long term goal: Provides input for MC generator improvement
Search for anomalous weak-boson self-interactions:
® EFT approach

® Limits on 4 dim. 6 operators producing anomalous WWZ interactions
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https://arxiv.org/abs/1401.7610
https://arxiv.org/abs/1401.7610
https://arxiv.org/pdf/2006.15458.pdf

Electroweak ZZjj (VBS): significance of EW Zjj:

® 13 TeV paper (139 fbfl): Significance Obs. (Exp.)
Final states: — €¢¢¢jj and llyvvjj CELjj 55039 0
Combined: 5.5 o tvvjj 1.2 (1.8) o
One of the smallest cross-sections Combined 55430

measured in ATLAS! measured cross-section:
oEe) =0.82+0.21 fb

EW production:

A
w/z H
z

q q q

34


https://arxiv.org/abs/2004.10612

Events /bin

EW WWjj same sign (VBS):

e W*Wjj has largest ratio of EW/QCD weak production: p
. . q q
cross-section among VBS diboson ¢
® Strong production not the dominant Vi
background
e//
® 8 TeV paper (20.3 fb™!): o
Evidence: 4.5 ¢ q qa”
® 13 TeV paper (36.1 fb™1): strong production:
- I
observation: 6.5 ¢ q S q
fid. cross-section: o W5 — 2,89 fb 3 ¢
' T URW ’ d v
o 2R : o
§ 5[ F=13Tev, 381 1" o_’_‘ii o
§ 2 0// q///

Non-prompt leptons bkg:

® / from heavy-flavour

- 500 1000 1500 2000 2500 3000

Wz CR low m, CRs m, [GeV] had rons

FrF e ee ep ew

® 6 channels: ete®, ptut, etp* ® Jets misidentified as e
= 6 SRs (x4 bins) + 6 m; CRs + WZ CR


https://arxiv.org/abs/1405.6241
https://arxiv.org/pdf/1906.03203.pdf

ITk Requirements

Necessary properties:
® Radiation hardness
* Up to ~ 2 x 10" ™4 (3D at LO)
® Up to order of 107 Gy total
ionizing doze (TID)
® |ncreased pileup

® Up to 10 times more track
density

® Higher granularity

® Higher burden on readout

Desired for physics:
® High spacial resolution

® High single-pixel hit efficiency

B8 ATLAS Simulation Internal
FLUKA + PYTHIA8
Bl 1Tk Inclined Step 3.1Q6 10"

r[em]

10"

10"

Si 1 MeV neutron equiv. fluence [cm?]

150 200 250 800 10"
z[cm]
Planar sensor radiation
requirements:
n,/cm? (SF=1.5) | MGy (SF=1.5)
L1 (@2000fb™)  4.1e15 3,4
L2 4.7e15 52
L3 3.2e15 2,5
L4 2.4e15 1,4
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Functional Longerons Functional Inclined Half-Rings

Outer Barrel: Axial & Inclined Outer Endcap

40

p—T YN NN

20—
>

P p— p—

100 1Y 200
Inner system: Barrel & Rings i
Replaceable layer

ATLAS ITk Pixel Sensor FDR
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Front End Chip

RD53A prototype:
® Common R&D by ATLAS & CMS

® 50 x 50 um grid
® Three analog FE

ITkPixV1/2 full size chip:

Based on differential FE

1 MHz trigger rate

Radiation hard up to > 5 MGy
(101 259

65 nm technology

First wafers of V1.1 available

Final submission of V2 forseen
before end of 2021

382 pixels/20.7 mm

ITkPixV1:

Based on
Differential
Analog Front-End

400 pixels / 20 mm
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3D Sensors

Innermost layer L0 equipped with
3D sensors:
® Final design review (FDR) held 26
Nov 2019

® Proximity to beam requires
superior radiation hardnes

(105

® L0 replaceable after high
irradiation damage

® Triplet module geometry

® Single-side technology (n&p
electrodes etched from same side)

® 50 x 50 (rings) and 25x100 pm?

(barrel) pixel size

> 97% hit efficiency at 14° incl.

(> 96% perpendicular)

50x50 um?, 1E 25x100 pm?, 1E

50 pm
100 pm
a N
2 £
-
pauk m 5
Le=52 pm

Efficiencymap - =
25x100 pm? -

- Eff.. Map
B - 50x50 Hm?2

& . 5 High
g .:: ighp




3D Sensors

Power Dissipation [mW/cm?]

® |Low 80 — 140 V bias voltage
e Low power dissipation < 10 rc"?\’\z/ (@—25°C, 10%24)
® More results for 3D sensors in 3D session on Thursday:
® By Alessandro Lapertosa on FBK sensors
® By Stefano Terzo on CNM sensors

Results for CNM sensors on RD53A:

.. . 16 neq
power dissipation (@10%° 1) leakage current
" & e W4 15, 50x50 umZ ®=0
45t 180 D e imy 2= 4
450 £ —— W4 1-5, 50%50 pm’, ® =5 /
20 * 50x50 pm ’ 3 160 —— W4 15] 50x50 pm’, @ =107
g - 25x100 pm / S ja0| = WI3-1 25100 uml, & =0
350 / 3 = s+ WI3-1, 25100 pm?, @ =5
20 / 120 + W13 25><100pm‘,<[>=10j,
E 15 2
E =) 100,@] =107 n,, cm? /
25¢ g 100} y
20E / o 80F
: y 4 R /,W
1J5 s 40: by M‘f
10¢ i’ — F ol
5 e 20
GE ;——(

VI B PRI P
50 100 150 200 250 0 50 100 150 200 250
Bias Voltage [V] Bias voltage [V]

(Nuclear Instruments and Methods in Physics Research Section A, Vol 982)

o
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https://indico.cern.ch/event/983068/contributions/4223174/
https://indico.cern.ch/event/983068/contributions/4223195/
https://www.sciencedirect.com/science/article/abs/pii/S0168900220309840

Bias Structure

Bias structure allows check of leakage current before flip-chip:

® Several options from different vendors:
® Poly-silicon bias resistor
® Higher noise
® Bias rail with punch-through (PT)
® Reduced hit efficiency around PT dots
® No bias structure

® Needs temporary metal layer until wafer dicing
® Uniform efficiency
® No uniform ground in case of disconnected pixel

Poly-si bias resistor PT dot & bias rail No bias structure

Poly-si Biasring  Ovard |
Bias grid ngs
Implant

UBM open

Poly-si rail

implant

Koji Nakamura, 1Tk Week 2021-02-01
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Thickness and Planarity

Some institutes have dedicated setup to perform laser scan

0
5
10 15

Other institutes: Microscope-focus method:

® Focus on several points on sensor and chuck by adjusting microscope
height with fixed focal length
® |ocal thickness approximated as difference of height h between point on

* )’

W17-DINA

30
35 4

chuck and sensor

o) SENSOI o5

o3

.6

7

7

W9-D5NA

iy, e

ooo{ ® -

o 0 B E) £
x (mm)

Maria Mironova, Oxford, ITk Pixel MS meeting 2019-01-13

thickness = (h3*"%°" — h,?h”°k>;e[1,9]
hg + hs + hg B h1 + hy + hs + hy + hg + hg

lanarity =
p ity 3 6
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CV and IV

CV measurements:

%ot . ® Plot 1/C? vs V to calculate Vyep
" E ® Perform 2 fits:
ek E ® Constant in fully depleted region
E SeNSOrLA: Vogy = 2446V ® |inear rise before
002 Sensoris: V,, =23.16 V
001; Sensor3s: Vy,, = 2342V L4 Vdep given by the pOSition of the
B N I v intersection

® Requirement: Vg, < 100V (for 150 pm)

IV measurements:

® Plot [ vs V

® Increase by Al > 20% over AV =5V step
defined as breakdown

1{uA]

measurements by foundry

07 Sensor1s:|,(73.16 V) = 00185 uAlem § ° Reqwrement. Vbreak > Vdep + 70 V
[ e emedtomny ® Requirement: lieax/area < 0.75 uA/cm? at

Il
262683000 e Mo T80T 500
dep

Tobias Fitschen, 1Tk Pixel MS meeting 2019-04-01



CV and IV

CV measurements:

E ]
% 100 B

V,
[ ]

Plot 1/C? vs V to calculate Vgep
Perform 2 fits:

® Constant in fully depleted region
® Linear rise before

80 4

60) Tt 6 Gafeaian "]

® Vyep given by the position of the
intersection

& 3 &

3 &

50x50 single 100x25 single 100x25 double .
® Requirement: Vg, < 100V (for 150 pm)
R . IV measurements:
5 or qualif
K ® Plot [ vs V
i 10 x 1 ® |ncrease by Al > 20% over AV =5V step
= x A defined as breakdown
T X * | ® Requirement: Vireak > Viep + 70 V

® Requirement: lieax/area < 0.75 uA/cm? at

@ & & & 3@ 4 &

50x50 single 100x25 single 100x25 double Vdep + 50 V

Tobias Fitschen, 1Tk Pixel MS meeting 2019-04-01



Leakage Current Stability

It (48 h) V = Vgep +50 V It measurements:
iéooozz— ‘ ‘ ® Plot [ at V = Vdep +50V
] ® Measure for 48 h

® Ensure stable humidity, temperature, and
darkness

o o
o o
RN
N S
g T
{ I A A e S e e e

0066E- — sensor 12009 | ® Requirement: Variation Al < 25%
0.064 L L L L
0 10 20 30 40 50
t[h

Tobias Fitschen, 1Tk Pixel MS meeting 2019-04-01



ITk QA/QC

Quality Control (QC): Quality Assurance (QA):
® |dentify defects in finished sensors ® Prevent defects in production
e caucionsioge | assouteaavac |
Pre-production  Sensor wafer production (sensor vendor) -Iv/cv
- Visual inspection
- Metrology
After UBM - Thinning - Backside metallisation and -V
dicing (Hybridisation vendor) - Metrology
- Visual inspection
On test structures and bare sensors at - Iv/evim
ITk institutes - Inter pixel R/C
- Irradiations
= dz
On flip-chipped modules at ITk institutes - Iv/Im
- Irradiations
- Test-beams
Production Sensor wafer production (sensor vendor) -v/cv
- Visual inspection
- Metrology
After UBM, Thinning, Backside metallisation and -V (?)
dicing (Hybridisation vendor) - Metrology

- Visual inspection

On test structures at ITk institutes - Iv/ev/im
- Inter pixel R/C
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ITk Schedule

2020 | J2021

1

[202 | 12023

Market survey step 3
150 pm planar Fri 22/06/18 - Mon 09/11/19

Planar Tentder
Tue 10/11/20 -

Mon 04/03/2f
100 pm planar
3D |® Tender 3D sensor pre-production
Wed 20/11/19 - Mon 31/08/20 - Fri
Tue 30/06/20 09/04/21

-

3D Sensor Pre-Production

Tue 30/06/20
Planar FDR
Fri 18/09/20

End of Planar Market
Survey
Mon 09/11/20

[Thick Planar Sensor Pre-|
Production order
Mon 01/03/21

hin Planar Sensor Pre:
Production order
Mon 01/03/21

Thick Planar Sensor pre-
production
Tue 08/03/21- Mon

1

hin Panar Sensor

3D & Planar Sensor
PRR
Wed 11/05/22

Wed 12/05/22

& Planar Sensor Production (150 pm, L2-L4)
£ Thu 09/06/22 - Wed 05/06/24

Planar Sensor Production (100 ym, L1)
Thu 09/06/22 - Wed 03/01/24

3D Sensor Production
Thu 16/06/22 - Wed 07/08/24

Pre-Production Evaluation

Planar Sensor Order

3D Sensor Order
Wed 19/05/22

Planar sensors:
® Pre-prod.: Mar - Sep 2021
® Production: mid 2022 - mid

3D sensors:

2024

® Pre-prod.: Aug 2020 - Apr 2021

® Production: mid 2022 - mid 2024
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