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Upgrade of the ATLAS Detector
(JINR participation)

A. Cheplakov
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ATLAS Phase-I Upgrade includes five main projects:

 New small wheel (NSW) for Muon spectrometer

• will allow maintenance of good muon tracking performance

• will also improve the Level-1 trigger performance without 

raising the pT thresholds

 Liquid argon calorimeter (LAr)

• aimed at improving the Level-1 calorimeter decision for Run 3 and beyond

• the trigger decision will be based on information about the jet shape

 Hardware track finder (FTK) 

• will provide fast tracking information as input to the high-level trigger

 TDAQ upgrades

• are focused primarily on the Level-1 calorimeter trigger, to take full advantage of the finer 

segmentation of LAr

 Forward detector of protons (AFP, ±240m) 

• registration of pair of protons at small angles
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These upgrades are designed to satisfy Phase-II requirements, and will continue 
operating in ATLAS throughout the Phase-II period. The Phase-I upgrades form the 
foundation for Phase-II upgrades
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Phase-I Upgrade of the Muon spectrometer

A total of 256 detector planes, 2048 read-
out PCBs (each one of 64 pieces) have to 
be produced with 32 different shapes and 
dimensions, varying from 2220 x 450 mm2

to 460 x 450 mm2. …

JINR (+AUTh):
- production of LM2 MM RO - 64 pcs (+4)
- assembly of 32 quadruplets (+2 spares)

MM (Mass-)Production sites:

 JINR
 CEA Saclay
 Aristotle University of Thessaloniki
 INFN cluster
 German cluster (LMU, Wurzburg, Mainz University)

A new technology in Dubna → second workshop for domestic experiments (of smaller sizes)
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Made at JINR by 2020: 54 MicroMegas readout panels  and  14  quadruplets 

Quality Control: planarity
(6000 pts/side)

leakage

In mid-November 2019, at CERN, with participation of JINR 
staff, the first double-sided wedge of large sectors was 
assembled, consisting of quadruplets manufactured in 
Saclay (LM1) and in Dubna (LM2).
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by the JINR team

IT: ”We need 100% openness”
NSW readiness review
(ATLAS internal report)    Nov 2019

→ A second construction line in Saclay

→ More technical personnel for sTGC
assembly at CERN 

} renewed

13 3

8 3
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5th Dec 2019: Mounting of 1st Small Sector on NSW
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Two wedges of large sectors are assembled,
awaiting installation of the FE electronics 

One large wedge is being assembled

As of today:



Motivations for LAr Phase-I Upgrade

Shower shape estimators can only be built with :
• Layer information
• Fine granularity        ×10 more signals w.r.t. present system

Increasing trigger thresholds with luminosity 
 no margin before hurting physics, 
so add more information in the decision of 
the trigger system.
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Electron, ET=70GeV

52nd PAC PP,   03 February 2020
Upgrade of the LAr trigger electronics
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Irradiated pigtails:

2·1015 n/cm2 8·1015 n/cm2

Output of the Spectrum Reflectometer

Test-board for high-frequency operational amplifiers of the analog part of LTDB

Signal flow paths of the digital part of LTDB

LAr Phase-I Upgrade:   current activities  (also, for Phase-2)

52nd PAC PP,   03 February 2020

linearity
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Assembly and installation of the new TILE modules

Samples from Kharkov, dimensions – 15×4×0.6 сm, 
doses: 1.3 and 6.2∙1012, 2.3∙1014 and 1.4∙1015 n/cm2

Radiation tests 
of the new scintillators

Signal ratio of the “green” and “blue” scintillators (А1/А2) for 
various doses as function of distance from the PMT (mm)

V.Baranov (DLNP)
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The Long Road to Phase-2
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These projects are now following  the ATLAS technical 
and schedule review process: 
• Specifications
• Preliminary Design Review
• Final Design Review
• Production Readiness Review
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ATLAS Phase-II MoU’s for JINR
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TDAQ
1.2.1: Readout - FELIX I/O card. Procurement of components and testing
1.3.1: Hardware Track Trigger (HTT) Pattern Recognition Mezzanine - Procurement of       

components and testing
1.3.1.6: HTT ATCA Infrastructure - Procurement, installation and commissioning
1.3.1.7: HTT Track Trigger Interface - Procurement of components and testing

LAr
3.1.1.1 and 3.1.1.2: Preamp-Shaper and HEC Preshaper ASICs - HEC input stage design and 

testing;
3.1.1.4: Optical Link Components - Production and testing of optical pigtails (MSHE+Lebedev);
3.1.1.5: FEB2 - Develop analog circuit and testing;
3.1.4: Front-End Power Distribution System - Procurement of parts (MES);
3.2.1: LAr Signal Processor Hardware - Procurement of parts;

TILE
4.5.5: LV services: New Auxillary control boards, cables

MUON 
5.3.3: RPC chambers and FE electronics - RPC Singlet assembly and testing; Strip panels 

production and testing;
5.3.6: Gas System - Gas system design, production, installation; 
5.8: Power System - Power distribution design, distribution,  production and installation;
Surface commissioning, installation and commissioning.

JINR Involvements in Phase-2 Upgrade

… + HGTD 1652nd PAC PP,   03 February 2020
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Summary of requests

LHC ALICE ATLAS CMS LHCb

Extend LS2 no ./. 3.5 months 2 months 3 months

Extend 

YETS 21/22
no ./.

2 months for 

NSW-C
./. ./.

Extend 

YETS 22/23
no ./. ./.

1 month for 

prep of LS3
./.

Delay LS3 

by one year
no yes yes yes yes

highest E
yes, 

prudently
./. yes yes ./.

Slides from E. Elsen, Dir. Research & Computing 

in Open Council meeting, 13 Dec 2019
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E. Elsen, Open Council meeting
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Estimate of the Run 3 integrated luminosity – 180-260 fb-1. 
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Project Expenditures

R&D for Calorimetry
development of the front-end readout electronics, new scintillators, testing and products certification

 Development of the test bench equipped with Optical Time Domain Reflectometer for testing 
patch-cords, purchase of optical fibers for prototyping (10kUSD);

 Irradiation tests at IBR-2 (2 runs per year) – purchase of electronic equipment (5kUSD), 
materials (rad.hard. cables, connectors, samples) (12kUSD);

 Irradiation tests at U-70 (1-2 runs per year) – equipment (4kUSD) and samples (same as for 
IBR-2M tests) (6kUSD);

 HiLum2 experiment at Protvino - HV monitor for beam chambers (3kUSD); CAEN timing unit 
(3kUSD) and cryogenics (ageing) items (3kUSD).

R&D for Muon Spectrometer
Intensive production of the MicroMegas chambers and quadruplets assembly for the NSW projects. The 
chambers are transported to CERN and our team participates in their integration in the NSW structure and 
final detector commissioning.

 LM2 quadruplets production, transportation, integration and final commissioning - 120kUSD;
 R&Ds for sRPC – 50 kUSD;
 Maintenance work on the GaAs:Cr monitors – 30kUSD.

52nd PAC PP,   03 February 2020

… still uncertainties with the Phase-2 schedule and budget profile.
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List of the project participants (including FTE)

Muon spectrometer 
A. Gongadze-1, G. Chelkov-1 (DLNP), N. Zimine-1 (VBLHEP) - coordinators
M. Balykina-1, B. Buadze-1, Z. Chubinidze-1, E. Cherepanova-0.3, D. Dedovich-0.9, 
M.Demichev-1, N. Doroshkevych-1, I. Gongadze-1, L. Gongadze -1, M. Gostkin-0.1, 
A.Guskov-0.1, N. Kaurcev-1, D. Kharchenko-0.5, N. Koviazina-1, U. Kruchonak-0.4, 
I. Lyashko-1, I. Minashvili jr. -1, P. Morozov-1, A. Nozdrin-0.1, I. Potrap-1, T. Rudenko-0.9, 
P. Smolyanskiy-0.8, R. Sotenskii-1, A. Zhemchugov-0.2 (DLNP)
Yu. Filippov-1, А. Ivanov-0.3 (VBLHEP), 
I. Titenkov-0.4, A. Zabaluev-0.2 (ATOM)

Calorimeters
A. Cheplakov-1, E. Ladygin-1, (VBLHEP), I. Minashvili-1 (DLNP) - coordinators
V. Kukhtin-1, S.Nagorny-0.3, N. Javadov-0.9, F. Ahmadov-0.2 (VBLHEP)
A. Artikov-0.3, N. Atanov-0.3, V.Baranov-0.3, Yu. Davydov-0.5, V. Gerasimov–0.5, V. 
Glagolev-0.2, N.Kirichkov-0.3,  S. Malyukov-1, V.Romanov-0.3, A. Shalyugin-0.5, A. 
Simonenko-0.3, V. Tereschenko-0.4, I.Vasilyev-0.3 (DLNP)
S. Kulikov-0.1, M. Bulavin-0.1 (FLNP)

FTE/Person = 34/53                  + 29/32 (Physics group)  =  63/84  for JINR in ATLAS

JINR group asks for the project approval for 2021-2023

52nd PAC PP,   03 February 2020
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Back-up slides
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Project expenditures
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Pictures from one sensor:

1 frame (500μs) and 100 frames

Luminosity measurements

The work is ongoing on development of the 
effective patter recognition on-line algorithms. 

ATLAS GaAsPix monitors

In collaboration with Tomsk

52nd PAC PP,   03 February 2020
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JINR (VBLHEP):
Baseplane LTDB
design                                                                  Preshaper design

+ Radiation tests of the readout boards and cables at IBR-2M52nd PAC PP,   03 February 2020
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- end in January
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Stefan Guindon, CERN    HGTD: ATLAS Phase-II Detector   ATLAS WeeklyMarch 12 2019
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overlap	 22 mm 

20%	sensor	
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Sensor	

ASIC	

Cooling	plate	

Module	

• st ~ 30-50 ps /track (40-85ps/hit) up to 4000fb-1

• ~ 2 (3) hits in 2.4<h<3.1  (3.1<h<4 )
• 2 rings; Inner ring (3.1<h<4) replaced at 2000 fb-1

• < 10% occupancy (1.3x1.3 mm2 cells) with ITK 3.0

• < 5.1x1015neq/cm2 (w/ SF=1.5);4.7 MGy (w/ 
SF=2.25) w/ ITK 2.2

3.1<h<4        2.4<h<3.1
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HGTD in the TDR March circulation«Road map to the HGTD TDR»
A. Henriques/L.Serin

- 2015: Idea in the ATLAS upgrade scoping 

document (ATLAS Large h TF)

- 2016: start R&D on new sensor (LGAD) + 

highly demanding ASIC (Altiroc) design.  

- 2017:  IDR + LoI

- 2018:  TP   
- April 2019: expected TDR

ATLAS weekly 21 May 2019 52nd PAC PP,   03 February 2020
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Expected results for the measurement of Higgs boson branching ratios at HL-LHC, 
normalized to their Standard Model expectation. The size of the bars indicate the 
expected accuracy of the measurements. 

“It is difficult to quantify how much improvement  a decade of thinking and 
working hard will bring!”                                  

(Sarah Demers,  ATLAS Upgrade Physics Group co-convener)
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