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Introduction

During my joint Ph.D. studies between the University of Ferrara (Italy) and the Institute of Nuclear Physics Polish Academy of Sciences
(Poland), | had an opportunity to work in the LHCb experiment at CERN.

My research activities focused on the LHCb Ring-Imaging Cherenkov (RICH) detectors upgrade. The ultimate goal of my Ph.D. was to
test the newly developed photodetection units, called the Elementary Cells (ECs).

For these reasons, | took part in the following activities:

« Development of the experimental test setup for quality control of the ECs,

« Software development of the automated software for the ECs quality assurance,
» Hardware testing and assembly of the ECs,

* Quality control measurements of the ECs,

» Preparation of protocols and manuals,

« Preparation of scripts and offline data analysis,

In this presentation, | would like to show you the overview of the Elementary Cell Quality Assurance (ECQA) performed in Ferrara.




The LHCb Experiment at CERN

Overview
LHCDb deals with heavy flavour physics RUN? )_ [ Ring-Imaging Cherenkov Detectors
« General-purpose detector in forward region
+ Goals:
o Measure CP-violation in b-sector AL " M4 MS
o Search for the rare decays / //
o Exploit forward production of b-pairs with low angle % fRI L
* Such studies_ can help_ to understand the matter-antimatter Q’fio : 2
asymmetry in our Universe. il : i

LHCb MC
{s =14 TeV

LHCb RICH detectors: RICH1 and RICH2
Particle Identification (PID)

» Separate charged hadrons to select decays of interest: kaons,
pions and protons
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The LHCb Experiment at CERN
Upgrade (1)

Reasons for the upgrade: LHCb Run 2 Trigger Diagram LHCb Run 3 Trigger Diagram

* More data to further challenge theoretical predictions

< b I LS O Y.

-----------------------------------

LO Hardware Trigger : 1 MHz Software High Level Trigger
readout, high Et/Pr signatures [
e

» Expose of detectors to radiation damage over years

* Bottleneck of Level-0 hardware trigger (1.1 MHz)

Full event reconstruction, inclusive and J
s

450 kHz 400 kHz 150 kHz xclusive kinematic/geometric selection

» Change in parameters — new geometry

. . Software High Level Trigger . Buffer events to disk, perform online
LH Cb Upgrade. : . detector calibration and alignment

[ Partial event reconstruction, select ]

Luminosity Data acqu isition rate displaced tracks/vertices and dimuons U
L=14x1032cm 2571 f =1MHz
Buffer events to disk, perform online Add offline precision particle identification
l l We are he re detector calibration and alignment and track quality information to selections
. : Output full event information for inclusive
33 -2.,-1
L = 2 * 10 cm S f = 40 MHZ Full offline-like event selection, mixture \ triggers, tr::g_]gerf candi(liatfes :".‘d related
of inclusive and exclusive triggers primary vertices Tor exclusive triggers

» Replacement of LO hardware trigger with software trigger

L I <J I3 b
 Adjustments in geometry, change in read-out electronics

Large Hadron Collider (LHC) HL-LHC

_Runt | st |  Rwn2 | ____1s3 | Run4.5. |

7 TeV 8 TeV 13 TeV

13!14 TeV
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The LHCb Experiment at CERN
Cherenkov Radiation

» Charged particles faster than light in a dielectric medium
c ) . .
vy =, >, vy phas_e velocity o_f light
n v - velocity of a particle

» Different characteristics of particles — precise identification

w
(3,]

Uniform velocity
* Energy emitted as photons: Cherenkov photons
* Cherenkov angle:
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* Mass of a particle: Most particles in RICH detectors: protons, pions and kaons.
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The LHCb Experiment at CERN Author:  Igor Slazyk
Importance of the PID

. . o
Channel Branching fraction _ > 60000 [ Data
BY — DTK* (0.23£0.02) x 102 ——> signal > 50000 — PDG m(B)
BY — DIt 3.04 £0.23) x 107 = :
: s . ( ) X , background < 40000
Bl Do (2.57£0.13) > 107 contamination £ 20000
Ay = At (4.9 £04 )x107° =
i & 20000
io; m Black : Lumi4 current geometry 10000
& 4 Blue :Lumi10 current geometry
'LuI:QJ o * Red :Lumi20 current geometry 5200 5400 5600 5800
% ~ e Green :Lumi20 upgraded geometry / m(D¢Ki) [MeV/c?]
= Data from 2018 )
g |

i i)
i E, 600 [ Data
S 500 — PDG m(B')
I S 400
gL
< 300
% | I | ‘ | | ‘ L L1 | L1 | | ‘ | I I ‘ | | "O
o % BB B enID Effidency /% § 200
Lumi4 3.9 * 1032 cm™ %571 100
Lumil0 10 * 1032 ¢m™2s7? .
: 32 -2 -1 5200 5400 5600 5800
Lumi20 20 *10°“ cm™“s m(DFK) [MeV/e?]
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The LHCb RICH Detectors
Pre-upgraded

RICH1 RICH1
« Acceptance: 25— 300 mrad

Photon
Detectors

«  Momentum range: ~1 — 60 GeV/c Magietc IS\
S
 Refractive index: 1.0014  (C4Fq9) . 1 his || e \ -
erogel H | d— Virror RS S

RICH?2 7 - 20 porad - //

};;:_;_ . n L:z
* Acceptance: 15— 120 mrad AT _ {— Central tube

VELO — 1> Track . .
« Momentum range: ~15 — 100 GeV/c exitwindow / [~~Carbon Fiber \\Mm' mirror
* RefraCtlve IndE‘X 10005 (CF4) Plane : é Flat mirror

—qp Quartz plane
Y Magnetic shielding

Optical system:
* Hybrid Photon Detectors (HPDs) - o - —
« Spherical mirrors and flat mirrors

HPDs:

« Vacuum photodetectors

» Accelerated photoelectrons dissipated in silicon

« Each HPD has 1024 pixels (32 x 32 matrix), each pixel’s size: 500 um X 500 um
* Front-End (FE) electronics at 1 MHz bonded to pixel sensor

16/03/2021 l. Slazyk



The LHCb RICH Detectors Upgrade

Overview

Change of the photon detectors:

. HPDs replaced by Multi-Anode Photomultiplier Tubes (MaPMTs) —_|

Change in FE readout electronics:

. CLARO amplifier / discriminator ASIC
+ FPGA-based digital boards \
. GigaBit Transceiver (GBT) chip

RICH1 modifications:
. Redesign of mechanics
o  hew support
o  new cooling
. Optimization in optics
o  spherical mirrors focal length increase
o  spherical and plane mirrors repositioned

l

peak occupancy < 30 %

Quartz Window

New photon detection unit — Elementary

Focal Plane

Quartz Window

Spherical
Mirror

Flat Mirror

Cells (EC)

6.6 cm
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The LHCDb RICH Detectors Upgrade
CLARO

The CLARO chip:
. Designed by: AGH Krakow, INFN Ferrara, INFN Milano Bicocca
. 8 channel amplifier / discriminator ASIC (0.35 um CMOS, AMS)

IN
(PMT pixel)

O—— Pfeamp
/ Signal
# Thresh

Threshold

. Single photon counting with MaPMTs

. 40 MHz operation (recovery time < 25 ns)
. Low power consumption (<1 mW per channel) =I5
. Radiation-tolerant

. Mounted on Front-End Board (FEB)
. 8 chips per 1 FEB — 64 channels
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The LHCb RICH Detectors Upgrade
Multi-Anode Photomultiplier Tube

MaP MT:
* Two types of MaPMTs designed by Hamammatsu Photonics:

o R13742 MaPMT from R11265 series (]_”) — R-type Focusing electrode  Photomultiplier Tube (PMT)

] lonization track / /

o R13743 MaPMT from R12699 series (2”) — H-type | 2
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High energy n,d‘f"'u 717’1'%?;” T'l /:}f‘:

Singular photomultiplier tube

Photocathode

Utuuut

photon Low energy photons
/ El ’ \ !
Scintillator Primary  Secondary Dynode  Anode
electron electrons

Connector
pins

PHOTOCATHODE

N Multi-anode photomultiplier tube
FOCUSING MESH

« Single photon counting
* Large active area —» 2.9 mm X 2.9 mm (R-type), 6 mm X 6 mm (H-type) METAL CHANNEL
« 8 x 8anode matrix — 64 silicon pixels PYNODES

* Low dark count rate

» 12 stages of dynodes

 Typical gain of 10° e~ at 1000V

wmere T TTTTTT
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The LHCb RICH Detectors Upgrade
Elementary Cell

EC is the basic building unit of the RICH detection system.

Components:
e 2x2 Hamamatsu R13742 (17)
« 1x1 Hamamatsu R13743 (2”)
» Baseboard (Bb) interfacing MaPMTs with Front-End Boards (FEBS)
* 8 CLARO chips mounted on FEB

» Backboard (Bkb) interfacing FEBs with digital boards (DBs)

» DBs with FPGA readout logic and ethernet external connectivity
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The LHCb RICH Detectors Upgrade
Components of Elementary Cell

R-type EC

H-type EC

16/03/2021
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The LHCb RICH Detectors Upgrade
Assembled Elementary Cells
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The LHCDb RICH Detectors Upgrade
Photodetector Columns and Planes

MaPMTs
R-Type | H-Type | R-Type | H-Type
RICH1 480 - 1920 -
RICH2 192 384 768 384
672 384 2688 384
RICHT + RICH2 1056 3073

16/03/2021
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Elementary Cell Quality Assurance

Authors:

LHCb Ferrara Group
(myself included)

Test station:

Dark Box

LV power supply
LED driver
System controller
Raspberry Pi

HV ISEG crate

Facilities:

Ferrara — Station 1 and 2

Edinburgh — Station 3 and 4
=

Experimental Test Setup

,,,,,,

Low Voltage
Power Supply

n. System Controller

Optical
Fiber
| Output

High Voltage
Cables

16/03/2021
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Elementary Cell Quality Assurance
Software — Overview

Authors:

Igor Slazyk
Luca Minzoni
Edoardo Franzoso

» Technologies: Python, C++ and LabVIEW
Stage | Stage I

Low-Level
Python Functions

Software development and debugging: nearly 2 years (2018-2019)

LabVIEW Commands

Stage I

Standalones

Stage IV

ECQA Software
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Elementary Cell Quality Assurance
Software — Stage 1l (1)

Author:

Igor Slazyk

The lowest level: python low-level functions

« Upper level of hierarchy: LabVIEW low-level sub-VIs (LabVIEW commands) based on the python low-level functions

e Communicates with hardware

LabVIEW - python — system controller - FPGAs — hardware

Communication:
« Python-LabVIEW interface
Read:

« Read hitcounts, counters, voltages, currents etc.
Write:

« Configuration of channels
Functionality:
» Selector of modules, power control, counter/hardware reset etc.

Temperature humidity reading software

Over 30 low-level python functions and corresponding LabVIEW commands

ACFG
output (J3OM string)
uartvect outparams error i
seqnum  EfTerco de status  code
- oo R C | o
COMng d SSSSSS
enable I—
2 ~
\r‘ 0 enavect
r
cfg F' 0 0 ¥
Foo LIy :
B status  code
0 enabl il E[)
o source
uart -
0
v
seqnum
0
datavalid
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Elementary Cell Quality Assurance
Software — Stage Il (2)

Author:  Igor Slazyk

| 1537866590 25/09/2018 11:09:50 r 23.72 44.22 2362 2363 |

]

&

Clear Charts Plot0 l Plctd | J Plot0
Temperature e Temperature 1 -l Temperature 2 e

Clear I 2176 [ 2363

23625+

P Address Sampling Interval [z] 2254 7262-

1921681202 B 27 23615-

Port Cycles

= = T 573 o)
= | 5000 2692 ® ]
g B2 g
= 5 ‘

= 2371 -

BB B B oy
AEEREE

Qutput Array
o) [ o
| | 1537366550 23575
 —— -
25,00/2018 2358 Bs7
165 2682 ' 343
E = [5] = Is} - [5]
['—l Temperature W
Temperature 1 ’_
7
|2332 | Hrly Plotd [~/ Tempesstures Temperature2 [
1 e} [ 25-
44275~ o
I—lﬁﬂ M3
e s 44,25+ 24-
= 44225~ 235- - A
442+ —
g £
S 44175 g
& £ 25
E 4415+ 5
T E 2
44125~ =
1 2.5
44.075+ Z0
4405+ 205-
44.025-, i 20- 1
1658 2681 1658 2681
Time (5] Time [s]
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e Elementary Cell Quality Assurance Authors:  Igor Slazyk
O = Luca Minzonli
B N Software — Stage IlI Edoardo Franzoso

Another upper level of hierarchy: Standalones based on the LabVIEW low-level sub-Vls
 Initial starting point of test measurements

. Load Number “u’oltage V] ‘Number of Steps (256 Full Spectrum)
* Semi-automated DAQ software 000 850 5 256
. . EC Type MPulses [k] CFG (decimal), used if Configure==TRUE

* Implemented data analysis scripts R 100 B 2ess

Station ‘Freq [kHz] Cenfigure (true), no configure (false)

51 o100 -
Transition checker: concstenated string

. - .y . - SIM Script
» Checking if transition is present for all the channels /SIN_aalysis
Current measurements: standard output P
» Measurements of current and voltage ﬂ ko
Quality assurance measurements:
¢ Digital-tO-AnalOg Converter Scan ret#code Thresheold value applied (decimal]&ﬁﬁﬁgure::ﬁUE
ep
e Threshold Scan | ° 0
CFG File for Opt_Thr path

- Dark Count Rate ’ =]

 Signal-Induced Noise
Configuration loader:
« Loads optimized configuration acquired from Threshold Scan

7 standalones
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:f%l Elementary Cell Quality Assurance Author
— B

Software — Stage IV (1)

Mirco Andreotti

Final level of hierarchy: ECQA software based on the Standalones and LabVIEW low-level sub-VIs
Maximum efficiency point of test measurements
Fully automated DAQ software
Test parameters initialization for all measurements at the very beginning
Control and monitoring:
o High voltage
o Environmental (temperature and humidity)
Offline data analysis scripts launched automatically after each test

Manual operation only in case of critical errors and during the mounting procedure of the ECs and MaPMTs

Approximate procedure time: 18 hours
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Elementary Cell Quality Assurance
Software — Stage IV (2)

[SCAN PMTS —

RPISYSTEM

TEST ID CLUSTER
Test Station

TEST STATION 2

LOAD NUM

9999

EC TYPE

R TYPE

S-Curve FAST

Check FEB curr CLARC comm

SCAN PMTS.
S-Curve FAST
Check HV EC+PMT
I S-Curve HV OFF
Keep HV ON Night

THR scan

Dark counts OPT THR

SCAN AND MOUNT PMTs FOLLOWING INDICATION

DONE OK

SCURVE HV OFF RUNNING: THR 304 ;

2020-07-29 10:43:21 - 32BIT SY5 CTL CONFIG OK -
2020-07-29 10:43:21 - END CONFIG 328IT SYS CTL
2020-07-29 10:43:21 - START S-CURVE HV OFF
2020-07-29 10:54:28 - S-CURVE OK - FEB 0
2020-07-29 11:05:38 - S-CURVE OK - FEB 1
2020-07-29 11:05:42 - END S-GURVE HV OFF
SCURVE HV OFF RUNNING: THR 314 ; step 2 /6

2020-07-29 11:05:42 - START CONFIG 32BIT FEB CLK

2020-07-29 11:05:42 - 32BIT CLOCK CONF OK -
2020-07-29 11:05:43 - 32BIT FEB CONF OK -
2020-07-29 11:05:43 - END CONFIG 328IT FEB CLK

2020-07-29 11:05:43 - START CONFIG 32BIT 8YS CTL

2020-07-29 11:05:43 - 32BIT SYS CTL CONFIG OK -
2020-07-29 11:05:43 - END GONFIG 32BIT SYS GTL

S-Curve at HY ON

EC CODE RECOVERY NOT DONE
EC CODE RECOVERY NOT DONE

00:00:00.000 00:00:00.000 PM g
o

0 I omeraooDATALows_0075_p_S1ISCURVE dgsiau | i3
homeraoDATALoIa 0075 R STISCURVE dgam |3
homelaboDATALowa 0075 R STISCURVE doyitw | 2
hamesabolDATALoac 0075 R S1SCURVE doizhot | i3

50 omwrsbo AT Lo 007 TSCURVE i paron |
homeranolDATALoIa 0075 R S1ISCURVE dg3té part | 3
homelaboDATALowa 0075 . STISCURVE dg3iE parbe | 2
hamerabolDATALoac 0075 _S1/SCURVE dgtzh part | i3

o ometsbooATALesa 0075 STPDFSCUAVE i ot pt | 3
home aboDATALoza 0075 . S1/FOFSCURVE cgdts etpar | 2
ometaboDATALowd 0075 _S1IPDFSCURVE g3 E it pl | 2
e abolDATALo2a 0075, _S1/PDFSCURVE cgben.d ot | 3

TESTLOG

2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 9 ; global_step 119/128 ; HV step 1/1
2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 8 ; global_step 120/128 ; HV step 1/1
2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 7 ; global_step 121/128 ; HV step 1/1

2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 0 ; global_step 128128 ; HV step 1/1
2020-10-28 16:17:53 - THR SCAN ANALISYS DONE CK

2020-10-28 16:17:33 - OFFSET ANALYSIS DONE FAILED

2020-10-28 16:17:56 - THR SGAN ERROR

2020-10-28 16:19:41 - START SCAN PMTs OR CODES.

2020-10-28 16:21:42 - INIT TEST

2020-10-28 16:21:48 - LOAD LAST SEUP.

2020-10-28 16:21:48 - START SETUP GHECK
2020-10-28 16:21:53 - SETUP SAVED

2020-10-28 16:21:53 - INIT DEVICE

2020-10-28 16:21:53 - HV CONNECT

2020-10-28 16:21:57 - LAST TEST RUNNING: HV PAR SET NOT DONE
2020-10-28 16:21:57 - LAST TEST RUNNING: HV POWER OFF NOT DONE
2020-10-28 16:21:57 - SYS CONTROLLER INIT

2020-10-28 16:22:02 - INIT DEVIGE DONE OK

2020-10-28 16:22:46 - START SCAN PMTs QR CODES.

SYSTEM CONTROLLER SYSCTLLOG

2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 6 ; global step 122128 ; HV step 1/1 ;
2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 5 ; global step 123/128 ; HV step 1/1 ;
2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 4 ; global_step 124128 ; HV step 1/1 ;
2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 3 ; global_step 125128 ; HV step 1/1 ;

HVstep 111 ;
1"

2020-10-28 16:17:22 - THR SCAN: HV 1000 THR 10 : global_step 118/128 ; HV step 11 ; THR step 54/64 ; affset bit 1 - ALREADY DONE

; THR step 55/64 ; afiset bit 1 - ALREADY DONE
; THR step 56/64 ; afiset bit 1 - ALREADY DONE
; THR step 57/64 ; offset bit 1 - ALREADY DONE

; offset bit 1 - ALREADY DONE
fiset bit 1 - ALREADY DONE
fiset bit 1 - ALREADY DONE
fiset bit 1 - ALREADY DONE

; THR step 64/64 ; afiset bit 1 - ALREADY DONE

QUERY STATUS REG OK - FPGA 1 - READ 0x0D00 - REF 0x0D00
QUERY STATUS REG OK - FPGA 2 -
‘QUERY STATUS REG OK - FPGA 3 -
‘QUERY STATUS REG OK - FPGA 4 -
‘QUERY STATUS REG OK - FPGA 5 -
\QUERY STATUS REG OK - FPGA 6 -
‘QUERY STATUS REG OK - FPGA 7 -
2020-10-28 16:22:00 - END QUERY AT INIT
2020-10-28 16:22:00 - START POWER ON

READ 0x0D00 - REF 0:0D00
READ 0x0D00 - REF 0:0D00
READ 0x0D00 - REF 0:0D00
READ 0x0D00 - REF 0:0D00
READ 0x0D00 - REF 0x0D00
READ 0x0D00 - REF 0:0D00

2020-10-28 16:22:00 - POWER ON EXE OK - PyEnorCode 0 EmarCode 0 EnrorString
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0000- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 0- CURRENT VALUE 0
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0001- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 1- CURRENT VALUE 0
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0002- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 2- CURRENT VALUE 0
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0003- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 3- CURRENT VALUE 0
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0004- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 4- CURRENT VALUE 0
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0005- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 5~ CURRENT VALUE 0
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0006- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 6- CURRENT VALUE 0
2020-10-28 16:22:00 - POWER ON - STATUS REG OK - FPGA 0x0007- REG VALUE 0x2D00
2020-10-28 16:22:00 - POWER ON - CURRENT OK - FPGA 7- CURRENT VALUE 0

2020-10-28 16:22:02 - END POWER ON

HV SYSTEM

v stop running time

scroll
16:23:35 -
28/10/2020

1 lasttest running

HV LOG.

Ll

2020-10-28 16:11:58 - DISCONNECT OLD GONNEGTION
2020-10-28 16:11:59 - HV OLD CONNECTION - DISCONNECTED OK.
2020-10-28 16:12:00 - START NEW HV CONNECTION

2020-10-28 16:12:01 - HV CONNECTED OK

2020-10-28 16:12:02 - START HV MONITOR OK

2020-10-28 16:12:04 - HV PAR SET OK

2020-10-28 16:12:05 - HV SET RAMP SPEED OK

2020-10-28 16:12:05 - START HY MONITOR OK

2020-10-28 16:12:07 - POWER OFF OK

2020-10-28 16:12:09 - START HV MONITOR OK

2020-10-28 16:14:24 - DISCONNECT OLD CONNECTION
2020-10-28 16:14:25 - HV OLD CONNECTICN - DISCONNECTED OK
2020-10-28 16:14:26 - START NEW HV CONNECTION

2020-10-28 16:14:28 - HV CONNECTED OK

2020-10-28 16:14:28 - START HV MONITOR OK

2020-10-28 16:19:38 - POWER OFF OK

2020-10-28 16:19:40 - START HV MONITOR OK

2020-10-28 16:21:54 - DISCONNECT OLD CONNECTION
2020-10-28 16:21:55 - HV OLD CONNECTION - DISCONNECTED OK
2020-10-28 16:21:56 - START NEW HV CONNECTION

2020-10-28 16:21:57 - HV CONNECTED OK

2020-10-28 16:21:57 - START HY MONITOR OK

2020-10-28 16:22:44 - POWER OFF OK

2020-10-28 16:22:46 - START HV MONITOR OK

16/03/2021
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Elementary Cell Quality Assurance
Software — Stage IV (3)

emor

|

CHECK SETUP AND CONFIRM

SETUP_PARAM

5-Curve FAST

‘home/labo/ECOA/LabVIEW/SysCmd/syscmd_labview_interface.py

Check FEB cur CLARC comm

THR =can
Dark counts OPT THR

Dark counts COM THR
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Elementary Cell Quality Assurance
Protocol and Assembling Manual (1

Author:  Igor Slazyk

» Test protocol —a complete protocol used for the ECQA procedure
* Assembling manual —a complete guide to properly assembly ECs

Test protocol for EC QA
version 4
[in blue: parameters to be written to the Data Base and to be stored on disk]

1) Mount 4 EC without PMTs on the panel (in the afternoon)
2) Check FEB currents and communication to the CLAROs
a. Power on
b. Read currents
c. Send a POR command (and SEU counter clear) and read-back registers to see if they
are all 0 = if vou don’t have all 0 STOP
d. Send a configuration to all channels and to the common part of the register
(configuration to see that all channels are on and alive, to see noise) > one with
negative threshold and one with very high threshold
e. Data output:
i. QUERY results for all FEB_DB
1. Measure currents for each FEB pair, temperatures from all PTCs
11 128-bit CFG register for all CLAROs after POR and SEU counter reset (all
bits in the 128-bit register should be 0)
iv. 128-bit CFG register for all CLAROs after ACFG command
3) Check HV stability of Base-Board
a. Close the dark box (safety mterlock) and set HV to 1150 V (use ramp up rate of 40
Vis)
b. Measure current consumption of Base-Boards with 1000 V applied voltage
c. Check if currents are OK for 1 hour (extract BB resistance from DB and compare to
the measured current value)
d. Settwo current limits: one higher value for ramp-up, a lower value (after ramp up)
just above the expected current consumption (calculated from DB)
e. Check possible CLARO activity due to sparks or other effects
f. Tumn HV OFF
4) Mount PMTs on the ECs and close dark box
a. Check visually if PMTs are mounted at an angle, if they touch = use the “Padova”
or CERN mask to check distance between and the planarity between them
5) SetHV to 1000 V (40 V/s ramp-up)
a. Check if currents are OK (set current limit close to the expected value)
i. Measure currents of Base-Boards + PMTs with 1000 V applied voltage
b. Check if all PMT channels are alive with LED run (HV=1000V, threshold 7, 100k
triggers)
c. Make a quick DCR. measurement to look for noisy or dead pixels
6) S-curve check on all CLAROs before dark count (HV OFF)
a. Make measurements for 3 different thresholds and extract linearity curve
b. (to be checked if S-curves with HV ON give same results: in this case move this test
during the night)
c. Make data analysis to extract useful parameters (store in the DB: 3 transition points
and sigma per channel, for 3 different threshold values)
i. Save complete raw data for all S-curves (ASCII files) and store on disk
ii. Save to the DB the transition points and sigmas for all S-curves
7) Dark counts
a. Keep HV ON at 1000 V all night
b. Measurement of DCR in the morning (threshold 7, time duration ~10 min) > run
(compare with the DCR measured in PDQA - extract from DB)

c. Put HV at 1100 V for 10 minutes (menitor currents). then go back to 1000V
8) Threshold scan
a. Scan threshold from 63 to ~20 (or lower), with offset bit enabled and attenuation=0
(to see the pedestal)
b. For each thresheld value we should collect about 100k triggers (to be checked: start
with 100 kHz and decrease in case of issues)
c. Make 4 threshold scans with different HV settings: 1000 V, 930 V, 900 V and 850V
d. Make data analysis to extract the “threshold working point™
i. Working point is determined looking for the transition from pedestal in the
measurement with offset=1, and adding 5 threshold steps
ii. Save raw data for all threshold scans to disk
iii. Save optimized thresholds to the DB
9) Set the “working point parameters”™ (threshold/offset/attenuation) for each individual
CLARO channel
a. Load a “configuration file” with the values determined in the previous step to all
CLARO channels
b. Make DCR measurement to look for noisy pixels
1. Save DCR measurement at 1000 V with optimized thresholds
c. Make LED run to see that uniformity is good on all pixels
10) Make SIN measurement
a. Count pulses in 2 different time windows relative to the LED trigger time: one “in-
time” and one “delayed” window
i Width of the windows and delay relative to the trigger are still to be defined
ii. LED repetition rate to be carefully defined (wait at least 3 microsec from one
LED pulse and the next)
. Save raw data to disk
iv. Extract SIN intensity for each pixel and save to DB
11) Acceptance/rejection of individual ECs
a. Manual operation from the operator, based on summary plots and data
b. Load the relevant information in the DB

Bottom Side/

Top Side

EC-H
Top View
/ v
7
7
v
/ 7
.
4

| -Base-board

Bottom Side/

Top Side-

\ \

FEB O \FEB 1

Bottom Side

_-Base-board
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Elementary Cell Quality Assurance Author:  Igor Slazyk
Protocol and Assembling Manual (2)

Procedure:

* Preparation of readout electronics for assembly

* Quick response (QR) code scanning

* Assembly — ECs without MaPMTs

* Mounting of ECs to test stations

« Test measurements on FE read-out electronics

* Preparation of MaPMTs according to grouping schemes
» Installation of MaPMTs with QR code scanning

*  MaPMTs training — 10 hours

» Test measurements on MaPMTs

» Revision of obtained data

* Preparation of tested ECs for shipments to CERN
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Elementary Cell Quality Assurance
Mistakes Were Made
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i Authors:  Igor Slazyk
Elementary Cell Quality Assurance S

Offline Data Analysis Edoardo Franzoso

*  Written in Python and C++

» Essential for revising obtained results

« Electronic (CLARO channel) and optical (MAPMT) mapping correlation

Analyses:

» Digital-to-Analog Converter (DAC) Scan
« Threshold (THR) Scan,

« Dark Count Rate (DCR),

« Signal Induced Noise (SIN).




Elementary Cell Quality Assurance
Mapping (1)

R-type load (4 R-type ECs) H-type load (4 H-type ECs)

TOP-LEFT (0) TOP-RIGHT (1) TOP-LEFT (0) TOP-RIGHT (1)
y UART 1 UART 5 \ UART 6 y UART 1 UART 5
64 63 | 62 61 60 59| 58 57 64 63 [[62 81 60 59| 58 57
FEB FEBO—56—=55»| 54 53 52 51| 50 49 S6 55 || 54 53 52 51 ||56——43—FEB1
FEB FEB 14847+ 4645 —as sl 40 41 48 47 fles—45 24 43 8 43 131 | FFRO
40 39 || 38 37 36 35| 38 33 20 39 (|38 37 38 35| 38 33
S I A I |9 32 31|30 29 28 27| 26 25 32 3130 29 28 27026 25
P81 Se sz 35 27 19
24 232 21 20 19| 18 17 24 23 fl22 21 20 19 18 17
60 5 36 28 20
FEB 01 535 37 29 21
16 1514 13 12 11 10 9 6 15 |14 13 12 1w 9
62 54)la6 38 30 22
63 55§47 39 31 23 P - = - n &= = a P - = - a &= = a
64 5 40 32 24 48 40 32 2406 - -
[ UART 1 Y [ UART 5 ¥| UART 6 | | UART 1 | UART 5
BOTTOM-LEFT (3) BOTTOM-RIGHT (2) BOTTOM-LEFT (3) BOTTOM-RIGHT (2)
UARTO UART 3 | UART 4 | UART 7 | | UART O | UART 4
64 63 |62 61 60 59 58 57 64 63 [|62 81 60 59 || 58 57
FEB O FEBO——56—=55ef| 54 53 52 51 || 50 49 S6 55 [|54 53 52 51 |l«s6—43—FEB1
FEB 1 FEB 148474645 a4z 2l 40 41 48 47 fls—45——44 43 B 43 431 L FERO
40 39 |38 37 36 35 [ 38 33 40 39 |38 37 36 35 || 3¢ 33
32 31 |3 29 28 2728 25 32 31 [|30 29 28 27 || 26 25
FEB 1
59 5143 35 27 19
e P g— 24 23 |2 21 20 19§18 17 24 23 fl22 21 20 19 f|18 17
FEB O
61 535 37 29 21
B ) e p—_— 16 15 |14 13 12 1110 9 16 15 f(14 13 12 11 10 9
63 55 ? 39 31 23 a o — r= s = Y 2 a o — r= o = = 2
64 5 40 32 24ll16 X - - X
UARTO v UART 4 v UART 7 | UART 0 UART 4
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Elementary Cell Quality Assurance
Mapping (3)

Author:

Igor Slazyk
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Elementary Cell Quality Assurance Author:  Igor Slazyk
Mapping (2)

e S

160000 y 5000
150000
140000

130000

120000

110000

100000

0000

0000

)/ 000

350000

300000

50000

00000

150000

100000

16/03/2021 L. Slazyk 29



Elementary Cell Quality Assurance

Digital-to-Analog Converter Scan (1)

Used for the calibration of the CLARO channels

Known charge Q;,; injected at fixed threshold

600

Qinj = DACstep X 1.22 MV X 640fF = DACgpep X 4.874 ke™

Amplitude of the signal gradually increases

If the charge is lower than the threshold — output O
If the charge is higher than the threshold — output 1

Parameters of interest:
» Transition point x;,
 Noise o

Fitted using translated error function: f(x) = ; [1 + erf (x_aﬁ)]

DAC scan also referred as S-Curve test

500

400

N
o
o

Integrated Counts (a.u.)
W
-
o

100

Transition point

Noise

<+—>

1

T

——Threshold 15
~——=Threshold 20
Threshold 25
Threshold 30
Threshold 35

0 .
0/50/0(

1000 1500 2000
Equivalent charge (ke")

2500
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Elementary Cell Quality Assurance
Digital-to-Analog Converter Scan (2)

fpga 0 feb 0 chip 0 channel 0 Transition_point
3 ¥? I ndf 119.8 /598 P = Transition_point
el C Prob 1 E F Entries 1024
21000~ g 18—
-E L x_t 107.7 £ 0.03023 5 F Mean 1953
2 r noise 1.725 +0.02081 S 15—
£ s00— 5 StdDev 2741
“ = ZE 14~ Underflow 0
C - Overflow 0
600 2
Threshold 10 , of-
400|— el
L 6/
2001 C
L s
L | E
0 =
e v b b b L L b M o O
0 100 200 300 400 500 600 0 100 200 300 400 500 600
DAC Value Transition [DAC Value]
fpga 0 feb 0 chip 0 channel 0 Noise
2 .
g r ¥4/ ndf 578.3/598 . Noise
Z.1000(— Prob 0.7115 E B Entries 1024
= L F x_t 294 +0.04417 & 100—
5 noise  3.686 = 0.03068 = Mean 1753
£ gpolm 5 L StdDev  0.2552
“ 2
r Zé 80? Underflow 0
600—— - Overflow 0
Threshold 62 F ol
400/ -
L 40—
200 -
C J 20—
0 B
_I 1 L 1 | 11 1 1 | 1 1 1 1 I 1 1 1 L I 1 11 Il I 1 11 1 I Il 1 [~ | am . I | . . ) ‘ | | | | ‘ | . | | I | |
0 100 200 300 400 500 600 05 : 15 i 5 35
DAC Value Noise [DAC Interval]
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Elementary Cell Quality Assurance

Threshold Scan (1)

* Used for the calibration of the MaPMTs anodes

 Known charge Q;,; injected at decreasing threshold

Offsethit 1

litude of th ! fixed Offsetbit 0
« Amplitude of the signal fixe -
. No pedestal ) Ped?tal (noise)
- Distribution of above-threshold events 2 g /
5 5 ¢ L
« Parameters of interest: = =
- Working point w,, -32 threshold 01—
« At certain threshold (working point) the M I
noise is well separated from the signal 107~ 10
« Offsebit 0 and 1 — shifts threshold by -32 I EM
107
IIHH\H‘HIHIHI‘IIHHIH|HH\HH‘IHI\IHI‘HHIHH‘\H iH\HHI‘\IHHIH|HIHIH\‘\\HHI\AHHIHH‘HHH\H‘\H
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Threshold Threshold
Working point
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Elementary Cell Quality Assurance
Threshold Scan (2)

EC_0_PMT_1
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Elementary Cell Quality Assurance
Threshold Scan (3)

EC_O_PMT_O WP_EC_0_PMT_0O THR_SCAN_UART_1_FEB_1_CHIP_4_CH_7

EC_0_PMT_0_Anods_5

9 %) i
= 7 z || Entries 64
- @ i
L 6 63 62 61 &0 59 58 57 % Mean 30.02
- “ StdDev 1859
E = Underflow o
[ &6 56 54 53 52 51 50 49 g Overflow 0
Q =
- © i
E =
L w
E 46 45 a4 43 42
Offse b. 0 ") 3 38 a7 36 £ 3 3
t It et eeeedeseesenmnssmssenf s smmseras s b sseresrenson s eedsnmansmsasssmesfesesememns s eehmessemmaenns s,  —
F a2 3 30 29 28 27 2 25
[ 24 23 2 21 20 19 18 17
18 15 1 13 12 i 10 9
:H\u AP T I IO IS IO A AT 1073” | \i” | |
~— -1 i S E

l'n e 151 E %, 12 C
X X Threshold
EC_O_PMT_O WP_EC_0_PMT_O THR_SCAN_UART_1_FEB_1_CHIP_4_CH_7

EC_0_PMT_0_Anode_1

7] T -
- = Entries 64
F 7]
[~ 64 63 62 61 60 59 58 57 5 Mean 14.24
O 5 StdDev  8.562
- c L ‘| Underflow 0
(- 56 55 54 53 52 51 50 439 % Overflow 0
- @ H
C £
[ w
( 48 47 46 45 44 43 42 4

Off tb-t 1 : 40 39 38 37 36 35 34 33
C o= 3 30 29 28 27 26 25
: 24 23 22 2 20 19 18 17
T 15 14 13 12 1" 10 9 H
I S L
AN ESLONNS U BT B U IR A L LT L1

Threshold
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Elementary Cell Quality Assurance

Dark Count Rate

Signals not generated by photon events

Spontaneous electron emission (thermal emission)

Used for the distinction of anodes with high counts
« Should not exceed 1 kHz

Used to check the uniformity of MaPMTs

EC_3_PMT_0 EC_3_PMT_1

y

EC_3_PMT_3 EC_3_PMT_2

EC_0_PMT_O

EC_0_PMT_1

EC_1_PMT_O

EC_1_PMT_1

EC_0_PMT_3

EC_0_PMT_2

EC_1_PMT_3

EC_1_PMT_2

EC_3_PMT_O

EC_3_PMT_1

EC_2 PMT_O
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Elementary Cell Quality Assurance
Signal Induced Noise (1)

» Signals after the true signal

» Also referred as after-pulses ‘%3 -
41
e Undesirable effect S 10°E .
- / Signal
e SIN step 14 - 15 [325 - 350ns] — signal i
+ SIN step 16 - 255 (350 - 6.375ps] — noise 10
_ - Noise
Parameters of interest: i /
. 21
« SIN Fraction = —22¢ 10 -
signal+noise C
- S/N Ratio = 292% :
noitse
105—
« For R-type ECs: -
¢ Hammamatsu introduced almost 200 so-called SIN-less MaPMTs L
e Since then, all other MaPMTs are referred as SIN-affected MaPMTs E

0 50 100 150 200 250
Steps [1 step = 25ns]
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Elementary Cell Quality Assurance
Signal Induced Noise (2)

PMT A - SIN Fraction [%)]

ym;l’;l!.n;‘lz.“;m;lm;lﬂ.l!

o130z 11201 § 1088 | 1234 | 10.03

PMT D - SIN Fraction [%]

|IIII|IIII|II‘II|
- | N

!Ilulllll
ia

N

-

e
o8

&
H

PMT B - SIN Fraction [%]

PMT C - SIN Fraction [%]

Po1mE2 i 2126 2200 | 1557 ; 1663 |

---------

X

PMT A - S/N Ratio

PMT D - S/N Ratio

PMT B - S/N Ratio

PMT C - S/N Ratio

T

i 20837 |
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SIN-less EC

SIN-affected EC

Number of anodes

Number of anodes

Elementary Cell Quality Assurance
Signal Induced Noise (3)

SIN Fraction
E Entries 256
90 Mean 4.958
1 Std Dev 6.29
805_ Underflow 0
: Overflow 0
70l
60
50|
40if-
301
20—
10—
GZLIII \ﬁ[_ﬂm_ulllllﬂ\\I,MHI\HHI,IHMHIIHH
0 10 20 30 40 50 60 70 80 90 100
SIN Fraction [%)]
_ SIN Fraction
Entries 256
455 Mean 15.55
F StdDev  20.09
40 Underflow 0
E Overflow 0
35-
30F
25}
20H
150+
5F Ilﬁ_l\!\
U:\III|I\\\‘Mhrﬁl—M?LHr\ﬂllrlﬂmllH\‘\III
0 10 20 30 40 50 60 70 80 90 100

SIN Fraction [%]

Number of anodes

Number of anodes

S/N Ratio
350 Entries 256
Il Mean 94.05
Std Dev 94.68
30:__ Underflow 0
I Overflow 0
25]]
20f
0 \II\II|_|H|_|HI] |’—I-‘|J1JIL!~’J-"|J‘L|| J\]‘I’—I\ [0 100
0 150 200 250 300 350 400
S/N Ratio
S/N Ratio
70 L Entries 256
i Mean 4563
i Std Dev 52.38
60— Underflow
i Overflow
501
40
30
20l
[t
10'—]
O_II\—‘U-!W’JJ—‘H}T#“ -\Lll\l\lﬂ‘ll\‘\ll\ll\l‘l\\l
0 100 150 200 250 300 350 400

S/N Ratio
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Elementary Cell Quality Assurance Author:  Igor Slazyk
Signal Induced Noise (4)

PMT A - Numbering of Anodes PMT B - Numbering of Anodes
12 SIN-affected ECs and 12 SIN-less ECs compared (48 PMTs — 3072 Anodes). e T
.
 Average SIN Fraction of SIN-less ECs compared to SIN-affected ECs is:
o 52% lower (anodes hardly affected) z
o 64% lower (anodes somewhat affected) - :
o 63% lower (anodes greatly affected) = o+
o 63% lower (all anodes) PMT D - Numbering of Anodes
« Average S/N Ratio of SIN-less ECs compared to SIN-affected ECs is: _ Pl e s o []
o 2 times higher (anodes hardly affected) SLELE B
o 2.25 times higher (anodes somewhat affected) 5— 5
o 3.95 times higher (anodes greatly affected) 3: 3
o 2.05 times higher (all anodes) z- ;
e T e P P B B [es

I:l Anodes greatly affected by SIN

« SIN greatly reduced in the SIN-less ECs
» Advisable to be used in the regions with highest occupancy [ | Anodes somewhat affected by SIN

I:l Anodes hardly affected by SIN
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Elementary Cell Quality Assurance
Shipments

Author:

Igor Slazyk
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Conclusions

The ECQA in Ferrara finished successfully

« Experimental test setup proved to be reliable

* Fully automated software developed

« Quality control measurements fully completed

« Offline analysis scripts implemented in the final software
* Protocols and manuals produced

* SIN in SIN-less ECs proven to be substentially decreased

* Quality assurance results sent to CERN’s database

« 581 ECs tested and sent to CERN (~55%):
o 387 ECs of Type-R (~58%)
o 194 ECs of Type-H (~51%)

* RICH detectors should perform great in the future runs!

Thank you for your attention
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My Contribution

Development and optimization of the test setup for quality control of the Elementary Cells
Software development of the automated software for the Elementary Cells quality assurance
o Python-LabVIEW Interface (Stage Il)
o LabVIEW Commands (Stage Il)
o Temperature and Humidity Read-Out Software (Stage 1)
o Standalones (Stage IlI)
o Data analysis scripts (Stage Il1)
Preparation of the test protocol and Elementary Cell assembly manual
Hardware testing and assembly of the Elementary Cells
Mapping tests
Quality control measurements of the Elementary Cells
Data analysis of the Elementary Cells quality assurance (SIN-less ECs)
Minor data analysis on the example of the B — DS K* decays
Shipments to CERN
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The LHCb Experiment at CERN
Upgrade (2)

Reasons for the upgrade:

* More data to further challenge theoretical predictions

» Expose of detectors to radiation damage over years

* Bottleneck of Level-0 hardware trigger (1.1 MHz)

» Change in parameters — new geometry

LHCDb Upgrade:

Luminosity

Data acquisition rate

L=14x1032cm 2571 f =1.1MHz
L=2x10%3 cm 257! f = 40 MHz

* Replacement of LO hardware trigger with software trigger

NN
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« Adjustments in geometry, change in read-out electronics
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