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ABSTRACT

The ATLAS detector upgrade programme follows the LHC upgrade scenario. The
installation period is ongoing for the Phase-I upgrade programme which will continue

until the end of 2020, so that LHC operation will start in March 2021 with the nominal

c.m.s. energy of 14 TeV and significantly increased value of the ultimate luminosity to

1.5 times its current vaue, L 8x10*cm' &' ! The High Luminosity LHC (HL-LHC) is

currently expected to begin its operation in second half of 2026, with
La7.8%M® 'corresponding t o iaeastiappeolisigns pee =2 0 0
bunch-crossing and providing a total integrated luminosity of 3000 fb' *by 2035. It will

provide rather challenging environment for detector operation:

2012: 20 collisions | HL : 200 collisions
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The high luminosity and the resulting high number of collisions per crossing will result
in degradation of the physics performance of ATLAS unless the detector systems are
upgraded. The JINR group is involved in the ATLAS Upgrade projects (both, Phase-I
and Phase-Il) for Muon Spectrometer and Calorimeters. In this document we report
our main achievements in 2018-2019 and future plans for period of 2020-2023 and
beyond.

1. MOTIVATION

To optimize the physics reach at each phase of the accelerator complex upgrades, ATLAS has
devised a staged program in three phases, corresponding to the three long shutdowns, in step
with the planned upgrades of the LHC. The Phase-l Upgrade is targeted primarily for
installation during the second long shutdown (LS2) in 2019-2020, and Phase-Il (HL-LHC
era) during LS3 in 2024-26. Detector improvements for Phase-I should provide operation at the
peak instantaneous luminosities of up to 3x10* cm?s™. Improvements focus primarily on
enhancing trigger capabilities in order to maintain good physics selectivity despite much higher
data and background rates. Majority of the upgrade works are designed to satisfy Phase-lI|
requirements, and will continue operating in ATLAS throughout the Phase-Il period.

A total integrated luminosity of 3000 fb'! will be provided by 2035. This will present a unique
opportunity to significantly extend the study of the properties of the Higgs boson, probing a
number of rare decays for the first time and significantly improving the precision of coupling
measurements and allowing access to the Higgs self-coupling, along with providing substantial
additional mass reach in searches for many signatures of new physics (in several cases well into
the multi-TeV region). Although the increase of HL-LHC energy is moderate, the incredibly high
statistics will allow rather precision measurements. The prospects of the ATLAS physics in the
HL-LHC era are in the study of about 150M of Higgs bosons and 120K of Di-Higgs events
recorded by the detector. It was shown that the HL-LHC would be able to probe Higgs couplings
deviations w.r.t. SM with a precision of a few percent. It will be possible to measure rare Higgs
decay and production modes as 'OY ‘‘,OY ¢ and &5Q and get evidence for Higgs pair-
production.

The JINR group commitments in Phase-l upgrade were defined in the corresponding Technical



Design Reports [1-4] and Memoranda of Understanding [6-8]. Three of the ATLAS Phase-l

Upgrade projects approved in 2014 are now advancing largely according to plan, while the

New Small Wheel (NSW) is significantly delayed because of poor quality of the initially

delivered PCB materials. Further plans of the Collaboration are published int h ATLAS Phase-

Il Upgrade Scoping Documentd [IMMay2019 t he JI NR Director has
the Dubna participation in Phase-Il upgrade programme [10-13].

2. Upgrade of the ATLAS Calorimeters

The scope of the ATLAS Phase-I upgrades is limited to a few sub-detectors only. The readout of

most of the systems will remain unchanged, limiting the capability of extending some of the

parameters of the Level-1 trigger system. The existing LAr calorimeter trigger information is

based on the concept of athe feffergy degosition acrosw ¢he " t ha
longitudinal layers of the calorimeters in an area of gpd 12 g®.1x0.1. The Trigger Tower is created

through several stages of on-detector analog electronics. The new finer granularity scheme is
basedonso-cal | ed fASuper Cel | s 'bnforeabhicaonimetenrlayer fordhe fuli nf or n
d range of the calorimeter, as well as finer segmentation (gpd 12g®.025%0.1) in the front and

middle layers of the EM barrel (EMB) and endcap (EMEC) as shown in Fig.1. The architecture of

the upgraded calorimeter trigger electronics is depicted in Fig. 2, with the upgraded and new
components outlined in red.
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Fig.1. An electron -'
(with 70 GeV of ™ % J}J o s
transverse energy)
as seen by the E =
existing Level-1 | R1E I o SR 94 ,
Calorimeter trigger - :
electronics (a) and
by the proposed Fig.2. Schematic block diagram of the Phase-1 upgrade LAr trigger readout
upgraded trigger architecture. The new components are indicated by the red outlines and
electronics (b). arrows.

Baseplane for the Hadronic Endcap Calorimeter (HEC) Front-End readout crate was developed
by the JINR team and produced in collaboration with colleagues from TRIUMF (Canada). The
new baseplanes will allocate new slot(s) for the LAr Trigger Digitizer Boards (LTDB), while
keeping the other front end electronics boards slots intact. In addition, a much larger number of
signals are transferred from the FEBs to the LTDB than are currently used in the trigger chain.



JINR team participated in the development of the LTDB boards and digital processing system
(LDPS). These boards will be installed in the LAr crates during LS2 and will remain there for
Run4.

A test bench was created for testing the HEC analog schemes and production of the prototypes.
Several prototypes of the HEC shaper were made based on CMOS technology. Fig.3 presents
the view of the latest version of the shaper and preliminary tests of its non-linearity.
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Fig.3. HEC shaper prototype and the non-linearity measurements.

In the HILUM-2 experiment at Protvino we study performance
of the mini-modules of the ATLAS LAr calorimeters with high-
intensity proton beams at U-70. The goal is to investigate the
influence of the space charge built in thin LAr gap on the
shape of the calorimeter signal. We have designed and
produced the beam chamber (Fig. 4) and corresponding
electronics for the beam profile monitoring.

Fig.4. Freon beam chamber in HILUM-2 experiment at U-70 (Protvino).

The first results show good quality of the experimental data. Preliminary estimates of the ion
mobility are in a good agreement with the previous measurements The experiment will continue
within the Collaboration activity aimed on development of the global model for the ATLAS
calorimeters behavior in the HL-LHC era.

The radiation hardness tests were continuing at the IBR-2M reactor. Good results for the
prototypes of the baseplane allowed the ATLAS Collaboration to approve application of the HEC
baseplane for the LAr Phase-Il upgrade. The tests of the multilayer PCB6 snade of different
materials including G10, FR4, Rogers, Arlon 85N and Kapton and further mechanical and
electrical measurements resulted in recommendations for applications of the Kapton and Arlon
materials. The optical fibers and pigtails used for signal transmission were resently exposed to
the fast neutron beam and will be tested soon.

In coming years the group interests will be focused on the preparation for the Phase-Il upgrades.
The LAr readout electronics will be replaced during Phase-ll upgrade, including readout
electronics of the frtoldo preamplifiers for HEC. The analog blocks will be integrated into CMOS
IC&, and we will develop the final prototype made of discrete CMOS transistors with the
functionality close to the final circuit. The test bench for testing the prototype will be constructed.




This modernization will be done in collaborative work with TRIUMF, Canada. Testing of the solid
state amplifier for HEC will be done at CERN facilities.

A new R&D will start for preparation for the massive production of the optical fiber patch cords
including production of the prototypes, their optical and mechanical tests, irradiation tests at IBR-
2M and U-70, etc. Special test bench will be equipped with the Optical Time Domain
Reflectometer. The JINR group commitments as presented in the Phase-Il MoU [10] are:

- Preamp-Shaper and HEC Preshaper ASICs - HEC input stage design and testing;

- Optical Link Components - Production and testing of optical pigtails;

- FEB2 - Develop analog circuit and testing;

- Front-End Power Distribution System - Procurement of parts;

- LAr Signal Processor Hardware - Procurement of parts;

Scintillation detector modules located in the area between the central barrel and the extended
barrel (gap scintillators) and extending to the region between the LAr barrel and endcap EM
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In order to increase the electron
reconstruction efficiency in the EM
calorimeter region it was decided to
increase the length of the E3+E4 module.
The new geometry of the crack
scintillators is presented in Fig. 6. New
E3+E4 module covers a region
1. 2<d<1.72.

Fig.6. Old and new geometry of the crack
scintillators.

Aluminum cans for all E3+E4 modules
were designed and manufactured by our
colleagues from the Michigan State

University. All modules were assembled and tested at CERN. Fig.7 presents the response of one

of the module to the *°Sr irradiation.

Assembled modules were installed on one side of the Tile calorimeter in September 2019.
Assembling of the rest of modules will be finished in November 2019 and all modules will be

ons



installed in the ATLAS cavern in November-December 2019. The JINR group members actively
participate in the assembly, testing and installation of modules.
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Fig.7. Response of one of the modules to beta source scanning.

The JINR group members are actively involved in the development of the new readout
electronics for Tile hadron calorimeter. As a first step the Collaboration decided to design so-
called Demonstrator - a prototype for replacement of existing drawers.

The aim of the Demonstrator project is to create the full-featured upgraded electronics (drawer) of
the Tile hadron calorimeter supplemented with the trigger system based on the summing of the
analog signals to make it (electronics) compatible with the existing system. One long barrel
module with the upgraded electronics was created and tested during 2016-18. It provided
experience with the major components of the new structure and helped to determine the
necessary improvements. Final version of the demonstrator (Fig.8) was completed in 2019 and
inserted in the TileCal module in July 2019 after tests in laboratory. Demonstrator is showing
good stability in terms of link, temperature, etc.

- <

Fig.8. Demonstrator with new electronics during tests in laboratory.

We continue to maintain the Tile calorimeter during data taking and during LHC shutdowns. As a
part of Phase-II activity our group plans to participate in the modernization of a low voltage power
supply system. In particular, our group is responsible for production of auxiliary control boards,
auxboard cables and connectors.

ATLAS Collaboration decided to install in front of the endcap calorimeter a new detector i high
granularity timing detector (HGTD). JINR group has been participating in the HGTD activity since
2018. The gr oup fogesigneghe geteats setvices. Group mendbers are involved
in the tests of sensors as well. We participated in a few beam tests at CERN and DESY in 2018-



19 and in beam test data analysis. We will continue design work on HGTD, including the layout of
the detector, development of tooling for the assembly and installation of the detector in the
ATLAS cavern. Another part of the work includes study of semiconductor sensors, participation in
the assembly of modules and their testing. Preproduction of sensors and Module 0 production
will start in 2021 with production of remaining modules in 2022-24. Start of the detector assembly
is scheduled for the second half of 2023. The TDR for HGTD should be submitted to the LHCC in
April 2020, and t hrespopsibititiesi wil ibe fmdlizechig Moy byotle peiddsof
2020.

3. Upgrade of the ATLAS Muon Spectrometer

Presently (within the Phase-I period), two Micromegas chamber production lines are constructed
and successfully operate at the DLNP JINR in the framework of the NSW ATLAS project of the
Phase-l Upgrade (Fig. 8). The first line provides production and testing of Micromegas chambers
for the outer part of the large sectors of NSW ATLAS (type LM2). This line is using for production
of NSW readout planes which cover the area of 384 m? out of the total area of 1200 mZ
Component materials are supplied from CERN in a centralized fashion for all participants of the
project. The second line, so-c al | ed f Du b aims abaorhplete tydebad Micromegas
chambers production with the active region size of up to 55x80 cm?. This line is used for the
ATLAS R&D and obviously gives the institute employees an opportunity to use the chambers in
different physics experiments and in applied studies more efficiently.
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Fig. 9. MM production lines: 11 panel production, 21 cosmic stand, 31 gas leak tests,
47 quadruplets assembly and testing, 57 room for panel washing,6 T A Dubna bul k |

The production lines comprises 6 premises, as shown in Fig. 9 i clean room (72 m?, purity class
ISO 7) for production of read-out panels and testing of their geometrical characteristics; hall
(~150 mA) for testing quadruplets at the cosmic rays stand; room (~25 m?) for gas leak testing of
the panels; clean room (~50 m?, purity class I1SO 6) for assembly and testing of quadruplets;
premises (~25 m?) for panels washing and room (72 m?) for the second production line. The air-
conditioning system and supply/extraction ventilation have been completely upgraded in the
clean room for the readout panel assembly. In both clean rooms the control of temperature and
humidity is carried out (£0,5°C and £10%).



3.1. ATLAS NSW Micromegas production line. DLNP ATLAS group is responsible for the
production and testing of the 64 (+4 spares) RO panels and 32 (+2 spares) quadruplets. These
days the mass-production is in full swing.

After the production, the geometrical characteristics (thickness and planarity) of each panel is
tested, PCB top-bottom alignment is measured, gas tightness and basic electrical tests are also
performed. Some details about the MM panel production and testing are presented below in
Fig.10-13.

Fig. 10. Stages of the panel production
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Fig. 11. Stand for semi-automatic measurements of geometrical characteristics and one of the measurement
results.
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Fig. 12. Optical tool for the panel PCBs top-bottom alignment measurements and one of the measurement
results.
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Fig. 13. Stand for gas tightness measurements and one of the measurement results

After the tests, the panels are washed in accordance with a special procedure and dried in the
oven. Next step is the Quadruplet assembly in the clean room (Fig. 14) and HV tests in dry air
and in ArCO,, and gas leak test.

Fig. 14. Quadruplet assembly procedure in the clean room.
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After the assembly and HV tests, Quadruplets are passed through the measurement of
geometrical characteristics and gas leak tests. The final test for the Quadruplets is the

functionality test at the cosmic ray bench (Fig.15).

Fig. 15. Quadruplet preparation for the functionality test at the cosmic ray bench.

By November 2019, 45 RO panels and 12 Quadruplets have been produced and successfully
tested. Ten Quadruplets were sent to CERN: 8 of them for the NSW wedge assembly and other
2 for another purposes (1 for the mechanical integration and 1 for the 18/45 mesh study) and will
never go into the ATLAS pit. Meanwhile, the first large double wedge assembly with LM2 (JINR)
and LM1 (CEA Saclay) was completed at CERN (Fig. 16) with active participation of the JINR

team.

Fig. 16. The first double wedge for the NSW in BB5 CERN.

LM2 Quadruplets production for the NSW side A should be finished in March 2020 and should be
completed for the NSW-C in December 2020. Installation of NSW-A is scheduled for 2020 and
NSW-C for 2021 during the LHC EYTS (end-of-year technical stop).
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