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ATLAS

= the one who dares/suffers ATLAS

EXPERIMENT
* mythological Titan condemned to hold up the celestial heavens for eternity

* rebellion against the Olympians suppressed, punishment, killed by Perseus on his

return journey from Medusa => he was turned to stone (Atlas Mountains)
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ATLAS Experiment

* general-purpose experiment at the LHC, interaction point

* cylindrical symmetry, several detection subsystems

- inner detector (ID) - track, vertex, momentum and charge reconstruction
- calorimeter (LAr, TileCal) - energy reconstruction

- muon spectrometer (CSC, MDT, RPC, TGC) - muon detection

* magnet system

- central solenoid (2 T)
- outer toroid (4 T)

LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker
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What Will the Future Bring
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What Will the Future Bring
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ATLAS ITk Upgrade
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ITk Strip Module

* strip system: 18k strip modules (SCT 4k), 165 m? of silicon, 60M channels
* 6 end-cap (RO - R5) + 2 barrel (short-strip, long-strip) design modifications
* module design and assembly procedures:
- ABCStar/HCCStar readout/control chips UV-glued on kapton PCBs (hybrid)
- hybrid glued directly on silicon sensor (Epolite)

Wire-bonds

- wire-bonding (chips on hybrid, strips on chips)

HCCStar DC-DC converter DT p—
Wire-bonds board

- power board (LV/HV power, monitoring)

Hybrid

UV light cures within 6 min / conventional glues > 12hr

~97mm
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ITk Strip Modules
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Local and Global Support

18 endcap modules on each petal (9 modules per side)
- stereo angle of 20 mrad implemented in sensor geometry 593 mm

28 barrel modules on each stave (14 modules per side)

- each side rotated with respect to the beam line by 26 mrad Y

modules EoS

1400 mm

each local support substructure represents independent unit for data flow and powering
- DC-DC powering (unlike SCT each module cannot have own voltage cable)
- stave core - CO2 cooling system (+20...-40°C), bus tape operated by EoS (LV, HV, TTC, DCS)

Service trays - Transport

e e e e e e s e e e = «—— Readout ASICs

Polyimide Hybrid

Silicon Sensor

o . -
Polyimide Bus Tape —= - Carbon Fibre rails

Carbon fibre Facesheet
closeouts ——
(C-channels)

=

High Thermal Conductivity Foam Carbon Fibre Honeycomb Titanium Cooling Tube

Bulkhead (external) _~
Stiffener Disc (not visible|

13/4/2018 9



ITk Microstrip Sensors

* n*strips in p silicon bulk in case of ITk
- larger signal after irradiation than p-in-n (SCT)
* sensor width 320 um, depletion voltage 350 V

pitch 75.5 um (barrel) and 70-80 pm (endcap)

* testing of 50% of HPK EC sensors (4500) at the loP CAS
* new clean room commissioning, sensor testing equipment prepared for operation

* next step: move module testing apparatus for (pre-)production phase

October 2017
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Production Schedule

101 institutions from 22 countries

(CAS loP, Charles Uni., Czech Technical Uni., Palacky Uni. Olomouc)
* pre-production (FDRs + module assembly Q4 2019)
* production (PRRs + module assembly Q4 2020, 3 - 4 year period)
* |Tk Strips integration (Q3 2021, ready in Q3 2024)

* share of the Czech Republic: tests/assembly of 576 R2/R4 modules (8.3 % of EC)

Preproduction Production

> &
Lt <

Site Qualifications
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Czech Module Production Flow
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Module QC Testing
* Visual inspection /?

- check of packaging and each following asssembly step

*  Metrology

- glue height, hybrid/powerboard positioning, module bow

* |V test

- sensor electrical test at reception

* Thermal cycling
- final tests of electrical performance with cycling -35...+40°C

- 10 cycles in 12 hours while powered + 2 hours for HV stability test

* Electrical characterization tests

- during wire-bonding to find failed bonds, final DAQ tests in running conditions (cold box)
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Electrical QC Testing - Threshold Scan

* testing = charge injection into sensor/chip channels + (triggered) readout
* basic ITSDAQ scan, amplitude reconstruction using binary readout
* gradual threshold increase at FE discriminators of individual chip channels

* integral form of convolution of noise and signal distribution

critical parameters: collected charge, noise (ENC), hit efficiency, gain, noise occupancy, S/N

Thresheld scan at 3.01 fC
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Electrical QC Testing — Characterization

L —— LR =
g H 1107 §
* internal ITSDAQ units DACs, conversion to fC required Bosst Lostomres | o, &
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* Strobe Delay Scan (timing setting), Noise Occupancy Scan (no injected charge)

* Three Point Gain (linear, gain + offset), Response Curve (non-linear, 3 parameters)
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Additional Testing IMiethods - Test Beam

* accelarated particle beam, expensive, less available, including tracking

LS2
- CERN pions), DESY (4 - 4.8 GeV electrons)

* DAQloads, SS, LS, RO modules so far (J. Kroll - Test beam coordinator)
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Additional Testing IMiethods - Test Beam

* accelarated particle beam, expensive, less available, including tracking

LS2
- CERN pions), DESY (4 - 4.8 GeV electrons)

* DAQloads, SS, LS, RO modules so far (J. Kroll - Test beam coordinator)
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Additional Testing Methods - Laser

* available, cheap, good spatial resolution, adjustable intensity
* in operation at IPNP
* 3-axis motorised translation stages, red/infra-red laser, pulse generator

* strip-by-strip scan + interstrip charge collection
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Additional Testing Methods - Beta Source

* beta source °°Sr, e” collimated, first Prague RO module (talk by O. Kovanda)

* scintillator as an external trigger, Atlys/Nexys board for readout, software ITSDAQ, ROOT

Beta source - == P DAQload s Det_ec_tlon n -----» Photomultiplier
scintillator
1 ] :
| I i
Y L v
Computer
(ITSDAQ, ROOT) ---1 Atlysboard ---1 PMOD-TTC board [*---1 NIM modules
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Additional Testing Methods - Beta Source

* bias scan, angular scan, temperature scan, FE parameters scan, latency scan
* non-irradiated RO module: collected charge 3 fC, noise (ENC) 900 e-, S/N 20
* worse multiple scattering efect + larger cluster size wrt test beam (4 fC)

---> AlIPix? simulations (O. Theiner) to explain/confirm these effects
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End-of-lifetime Requirements

1) Channel noise occupancy less than 1073 ...

2)...at a threshold resulting in efficiency greater than 99%

% . T T I . A"l'l':ASI "'SéT"Préliri':linéryr__ ‘ - 'Ar’ﬂ.‘ﬂé“"'"S'G.:JT"F'r'E’IiI"i'IITr’i;i'ryI_,
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3) S/N greater than 10:1, depletion voltage 500 V

Module  Fluence  Charge ke~ Charge ke~ Noisee= [/ S/N\ S/N Layer/Ring |Barrel |Disk 0 Disk 1 Disk 2 Disk 3 Disk4 Disk5

Lipe 10 Pl SOV il B0V \FY ol 16.4| 157 154 150 145 13.7 11.8
SS 8.1 137 16.1 630 21.8 25.6
LS 41 17.3 19.5 750 231 | 260 1 17.9 17.5 17.0 16.4 15.4 13.7
RO 123 11.5 14.0 650 177 215
- 3 o s s | 7 |As 2| 153| 181 179 172 166 156 140
R2 87 13.3 157 660 | 203 239 3 194 192 184 177 166 15.1
R3 8.0 13.8 16.2 640 214 251
R4 6.8 14.6 17.0 800 184 | 213 4 144 142 136 13.2 124 115
e i s i el 5 13.9 13.7 131 127 120 111

TDR educated estimate New S/N estimate for 500 V
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Module Assembly at IPNP CU

* prototype of hybrid populated with ABCN250 chips (Q1 2018) {
*  full-sized RO module construction (Q2 — Q3 2018) /
- cooperation with loP CAS (sensor), Freiburg Uni. (gluing, chips-to-hybrid wire-bonding)

- sensor-to-hybrid wire-bonding done in Argotech Trutnov

- QC testing performed by institute person from IPNP
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Production Database

* torecord details of used components, assembly, shipments, QA/QC test results
* being designed by the Unicorn College, just one DB for the whole ITk

* should stay accessable during ITk operation for better understanding of defects
* SCT DB ~ 350 000 registered items \JS ITk DB ~ 10° - 107 numbered items

* development of API scripts focusing on ITSDAQ routines

[ 45U
Component Types Strips. Component Types Pixels Test Types Strips
Dashboard 3 0 3 4
Test Types Pixels Institutions
My Components
My Test Results My recent components My recent test results
Sensor - RO 20USE000000057 IV Characteristics 1
Components
Sensor - RO 20USE000000056 Manufacturing 1
Test Results
Sensor - RO 20USE000000055 IV Characteristics 1
Component Types Sensor - RO 20USE000000054 Manufacturing 1
Sensor - RO 20USE000000053 IV Characteristics 1

Test Types

Institutions
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Summary and Outlook

all-silicon ITk will replace current ID in 2025, 8 designs of modules

* production is comming (Q4 2020), ITk final settlement (2024 -2026)

*  Prague groups involved in sensor/hybrid/module testing, module assembly, database
* successful laser, beta source and QC tests of DAQloads + assembled RO

* near future: RO assemblies and its testing, pre-production starts this year

* functional team of supervisors (3) and students (countless), newcomers welcome
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Angular Scan

* source rotation around axis perpendicular to strips in the sensor plane
- decrease of Vt50 and increase of cluster size
- comparison with geometric relation 1/cos(a) (red doted line)

* source rotation around axis parallel to strips

- increase of Vt50 and cluster size

Angular scan for rotation around R¢ Angular scan for rotation around strips
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Angular Scan

* source rotation around axis perpendicular to strips in the sensor plane

- decrease of Vt50 and increase of cluster size

* source rotation around axis parallel to strips

- increase of Vt50 and cluster size

* cluster size = number of neighboring strips with hit

Angular scan for rotation around R¢
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Temperature Scan

*  measurement at 250 V, setup moved to the freezer in Electronic Room (ER)

* upto-20°C, small discrepancy between ER and CR1 in collected charge

Temperature dependence at bias 250 V
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* possible explanation: shorter cabling in CR1
=> larger delay between external trigger signal and readout signal
* integer ITSDAQ variable latency (step 25 ns), finer latency scan with delay unit

* Atlys firmware version problem, preset latency value 10 changed to 11

vt50 of beta source test with: Trigs 100, sw4635,
Bias 400V, BV11, BI10, B810, COM9, FEEDS, PRE17, AnyHit compresion

120
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80

60

vt50 [counts]

40

20

0 10 20 30 40 50 60 70 80 90 100
Delay [ns]
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FE Parameters Scan

* 6 internal parameters of front-end electronics of ABC130 chip
* to adjust control currents and voltages, possible change of pulse shape

* search for best setting (high gain, low noise)

. g i
*  new recommended setting N $ %
=, ®
c F e
3 8o " %
* collected charge 3.1 fC-> 2.8 fC oa N
- <
. i ) 601 \%
* noise 550 e ->500e :
50—
- Optimum Settings: Previous Settings:
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E Noise = 622 ENC Noise = 734 ENC
0’111111111111111111|11111111111111111111[111111111
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Noise [ENC]
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Cluster Analysis

* cluster reconstruction from event lists
* sum of clusters for every cluster size gives S-curve

* average CS at 1 fC: 1.33 (fully depleted, perpendicular scan)

Clustersize distribution for bias_400V_1500trg_distance_23mm Average CS vs. threshold for bias_400V_1500trg_distance_23mm
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Signal Modulation

* negative analogue signal from scintillator does not meet Atlys requirements

=> signal modulation using NIM crate (Discriminator, Level Adapter modules)

Agilent Technologies WED APR 05 19:40:14 2017
1] 2] ] [/}
3 - . \ " [ \ - .

J Freg(’ J:No edyes

Zi bt \ I\J lumr i,
<3 Coupling <> Imped BW Limit Fine Invert Probe
DC 50 Ohm [l 1 [l ~
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IT‘S HIGH TIME TO STOP WORKING AND GET
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Error Estimation

VT50 Residuals From Start Value, nEvents 50 Mean Residuals From Start Value, nEvents 50 Sigma Residuals From Start Value, nEvents 50
hVTS0Res_nCounts_Sa nMeanRes_nCounts_S0 nhSigmares_nCounts_S0
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Error Estimation

QT50 Residuals From Start Value Error dependence on No. of entries
w 22 hdev 014
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FE Parameters
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Test Beam

Module Fluence Charge ke~ Charge ke~ Noisee™ S/N S/N

Type  10"“¥neqem—2 500 V 700V 500V 700V
SS 8.1 13.7 16.1 630 21.8  25.6
LS 4.1 17.3 19.5 750 23.1 26.0
RO 12:3 11.5 14.0 650 1727 21.5
R1 10.1 12.5 15.0 640 19.6 234
R2 8.7 138 15,7 660 20.3 239
R3 8.0 13.8 16.2 640 214 25.1
R4 6.8 14.6 17.0 800 18.4 21.3
R5 6.0 15.3 17.6 840 18.3 21.1

5 T T T B T e T e e
g -
;_% oo . I::

08 = INNI:

bl o

0'95 It 1 I.I‘ 1 1 L
08 1 12 14 16 18

0.6 ’
i “0 Vpias = 150V ail

- &V, =250V |
0.4 =V, =350V ]
B \ ¥ Vs = 400V i
0oL IG‘\ DAQioad10 ]
L ® il
ol | | — gl

i 2 3 4 5 6 7 8 9 10

Threshold [fC]

Figure 8.12: Efficiency versus threshold for one sensor on DAQload10, at four different bias voltages.
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Production of Petals
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Final Phase

2020 2021
[T

2022 2023 2024 2025 2026

Barrel integration at CERN |

2
EC integration at DESY/NIKHEF |

Summer 2025.

Julkhead,
5 and First Petals

13/4/2018

Transport to CERN -
Fixed.
Test end-caps at CERN

Merge and test on surface

Opening ATLAS [

ID Decommissiong [V N

Lowering and Insertion ITk

Services and commissioning
Beam-pipe bake-out
Closing ATLAS

Start of HL-LHC
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Production Database - User Interface

SCT datatabase WEB access

1oz Welcome to the WEB interface ATLAS-SCT PRODUCTION
SCT users accesses: DATA BASE
Read Write
Read only, -
Administration
Mails The Web SCT DB is available !

Manufacturers accesses:

Read Wiite Version 5.12 : July 2003

User Em'ﬁ
T running on . database.

Other links :

| Tutorials |
Read the News
Other links

L Important note: \15 years

(@) 47y
©) 15 B 7 B 14 B 1 B

S
Component Types Strips Component Types Pixels Test Types Strips Test Type Pixels

Dashboard

16 &

My Components Institutions

My Test Results

My recent components My recent test results

No test results
Components ABC CMOS Chip - ABC130

ABC CMOS Chip - ABC130
Test Results

Hybrid - RO_HO 20USEH00000017

Institutions

ABC CMOS Chip - ABC130
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Production Database - Communication Methods

Own API script
(preferred for
automatization)

of

@) 13

Dashboard

10

My Components Institutions

Components

Test Results No components

Institutions

#

import ...

UU_OIDC_GATEWAY = "https://oidc.pluséu.net"
UU_OIDC_TOKEN_URI = "/uu-oidcg0l-main/0-0/grantToken”
CMD_GATEWAY = "https://uuos9.plusdu.net"”

TID = "98234766872260181"

AWID = "dcb3£6d1£130482581bale7bbe34413c"
CMD_UPLOAD_TESTRUN_RESULTS = '/cern-itkpd-test/' + TID + '-'
CMD_CREATE_TESTRUN_ATTACHMENT = '/cern-itkpd-test/' + TID + '-'

+ AWID +
+ AWID +

INPUT_FLD = "./input_TestResults"
PROCESSED_FLD = "./processed"

http = httplib2.Http()

class CommandError (Exception) :
"wrgrror thrown wh some problem ccures 1ir mmunication with
def  init_ (self, status, code, message):
super (CommandError, self)._ init__ (message)
self.status = status
1f.code = code
self.message = message

def str (self):
return str(self.status) + "," + self.code + "," + self.message
def oidc_grant_token(access_code_1, access_code_2):

post_data = {"grant_type": "password",
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Component Types

' /uploadTestRunResults’

B 4

Component Types

B 11

Test Types

fr

My recent components

' /exreateTestRunAttachm

Test Run

8]

Cookies

<€— User Interface

; . (very user friendly)

Test Type

API Client
(same principle as Ul,
but more sophisticated)

£)/uploadTestRunResults

15213ed67730005160cd3" ,



Production Database - APl Scripts

=> respond to changes in new DB releases (commands definition slightly differs)
* registration/update/deleting/assembly of components, comments, attachments
» starting to add definition of test types and their parameters

=> script for Visual Inspection data upload to the DB for purposes of tracking GUI

ITk Issue Tracking GUI pock

i |

i PR S e
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