


 
 

Project  for 2021-2023 

 

•Mu2e experiment 

 

•COMET experiment 

 

•MEG-II experiment 

 

Поиск новой физики в секторе заряженных лептонов 

Search for new physics in the 

charged lepton sector 



Search for new physics 
in the charged lepton 

sector 

 

Search for New Physics in 
Experiments with High-
Intensity Muon Beams 

02-2-1124-2015/2020 
 

Experiment COMET at 
J-PARC 

02-2-1134-2018/2020 
 

Not new but continued participation 

in the Alliance 



Motivation for combining 3 

experiments into one project   

Common physical task (CLFV) 

CLFV – European Strategy for Particle Physics combined  
COMET, MEG, Mu2e and Mu3e 



 

 

Optimizing the allocation of resources between 
experiments with similar detectors to increase the 
scientific significance of participation and the level of 
commitments made in accordance with the 
recommendations of the 50th joint session of the PAC on 
particle physics and nuclear physics 

CRV 

Motivation for combining 3 

experiments into one project   

SYNERGY 
Experience with the CRV system creation, calorimeter, tracker, DAQ, 
data analyses 



Most stringent LFV upper limits 



New  physics search 

        
   Marciano, Mori, and Roney, Ann. Rev. Nucl. Sci. 58 

   M. Raidal et al, Eur.Phys.J.C57:13-182,2008  

   A. de Gouvêa, P. Vogel, arXiv:1303.4097 
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Argonne National Laboratory, Boston University, University of 
California Berkeley, University of California Irvine, California 

Institute of Technology, City University of New York,  
Joint Institute of Nuclear Research Dubna, Duke University, Fermi 
National Accelerator Laboratory, Laboratori Nazionale di Frascati, 
University of Houston, Helmholtz-Zentrum Dresden-Rossendorf,  

INFN Genova, Institute for High Energy Physics, Protvino,  
Kansas State University, Lawrence Berkeley National Laboratory, 

INFN Lecce,  University Marconi Rome, Lewis University,  
University of Liverpool, University College London,  

University of Louisville, University of Manchester, University of 
Michigan, University of Minnesota, Muon Inc., Northwestern 

University, Institute for Nuclear Research Moscow, INFN Pisa, 
Northern Illinois University, Purdue University, Rice University,  

Sun Yat-Sen University, University of South Alabama, 
Novosibirsk State University/Budker Institute of Nuclear Physics,  
University of Virginia, University of Washington, Yale University 

Over 200 Scientists from 38 Institutions 
) 



μN→eN signal 



Target, Detector and Solenoid 
(DS) 

• Capture muons on Al target 
• Measure momentum in tracker and 

energy in calorimeter 
• Graded field “reflects” downstream 

conversion electrons emitted 
upstream, improving efficiency 

 

Transport Solenoid (TS) 
 

• Collimator selects low 
momentum, negative muons 

• Antiproton absorber 
• The S shape eliminates photons 

and neutrons 

Production Target / Solenoid (PS) 
 

• Proton beam strikes target, 
producing mostly pions 

• Graded magnetic field contains 
pions/muons and collimate them 
into transport solenoid → high 
muon intensity 
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Muon converts in the field 
of a 
nucleus that is left intact  
Signal: Mono-energetic 
Electron  
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Mu2e experimental apparatus 



 Mu2e Expected 
Background Yield:  <0.5 
events over life of 
experiment 

 3 years production 

 3.6x1020 protons on 
target 

 6x1017 stopped muons 

 Single event 
sensitivity                 
3x10-17                            

 Null signal upper limit 
(90% CL)  8x10-17 

 Discovery sensitivity 
(5 s)            2x10-16 
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• CRV identifies cosmic ray muons that produce conversion-like backgrounds. 

• Design driven by need for excellent efficiency, large area, small gaps, high 
background rates, access to electronics, and constrained space. 

• Technology: Four layers of extruded polystyrene scintillator counters with 
embedded wavelength shifting fibers, read out with SiPM photodetectors.  

• A track stub in 3/4 layers, localized in time+space produces a veto in offline 
analysis. 

Details: 
• Area:  336 m2  

• 86 modules;15 types 
• 5,472 counters 
• 10,944 fibers 
• 19,744 SiPMs 
• 4,912 Counter Motherboards 
• 320 Front-end Boards 
• 16 Readout Controllers 

1 conversion-like electron 
per day is produced by 

cosmic-ray muons 



RnD on filling the holes for the 
fibers in the counters of the 

liquid silicone synthetic rubber 
without catalyst   

CKTN   (HO [-Si (CH 3 ) 2 O-] n H) 

•A.Artikov et al., Photoelectron Yields of Scintillation Counters with Embedded Wavelength-Shifting Fibers 
Read Out With Silicon Photomultipliers Nucl.Instrum.Meth. A890 (2018) 84-95 
• A.Artikov, et al., Light yield and radiation hardness studies of scintillator strips with a filler  
Nucl.Instrum.Meth. A930 (2019) 87-94,  
 

•Increase in light yield by a factor ~ 1.5 against that of the “dry” strip. 
•Compensation for the loss of scintillator light output due to their 
natural aging.  

Filling holes in 5-meter strips and  
rad. tests 

CRV JINR contribution 



CRV JINR contribution 

We are ready to fill 
the fiber holes with 

synthetic silicon 
in 7 meter counters 

for 40-50% LC 
increasing.  

32 holes at a time 

We developed of all stages 
of assembly and testing of 
modules during their mass 

production. 

We created  the test 
stand for QA of the 

CRV modules 

unique 

Assembled 3 modules of 6-meter 
length, weighing 2 tons each;   
3 modules of 3.2 m length. Created 
more than 100 6-meter CRV counters. 
More than 5000 CMB boards tested. 



Calorimeter energy calibration with DIO electrons at B=0.5T 

At nominal field , the majority of the DIO electrons fall into the hole inside the 
calorimeter disks, so calibration at half the field is assumed 
Main results: 
- Performed modeling the calorimeter energy calibration with DIO electrons at B=0.5T 

- Statistical accuracy better then 0.6% with sample of DIO electrons obtained during 10-20 minute long calib. run 

- Systematic accuracy is determined by the accuracy of the MC detector modeling 

- Iterative procedure to remove the bias due to the selection requirements on the energy deposition in crystals 

- Compared to the central region, the calibration accuracy near the internal and external edges of disks is lower 

Calorimeter JINR contribution  



Front-end preamplifier and electronics development 

Simulations of pre-amp linear regulator 
Simulations were preformed during FEE 
board development process  in Cadence 
OrCad software framework to estimate 
basic characteristics of designed linear 
regulator (LDO) for SiPM array and 
preamplifier, placed on FEE board.  

FEE performance measurements 
•LDO noise and temperature stability; 
•preamplifier bandwidth; 
•triangle pulse rise and fall time; 
•pulse maximum rate; 
•power consumption; 
•gain and linearity plot; 

 

 

Preamplifier gamma-radiation test 
 
Vacuum test 



Stand for FEE testing in Dubna 
 

To perform QA for all set of 3500 preamplifiers for Mu2e electromagnetic 
calorimeter preamplifier QA stand was developed in DLNP, JINR, Dubna. This is 
hardware and software complex for quality analysis, that allow to quickly 
estimate main preamplifier characteristics: 

•preamplifier bandwidth; 
•triangle pulse rise and fall time; 
•pulse maximum rate; 
•power consumption; 
•gain and linearity plot. 

Output pulse real and simulated examples 



Mu2e-II RnD 

Talk by Yuri Davydov at Northwestern 
Mu2e-II Workshop, August 2018 

For the second stage 
Mu2e, the calorimeter 
should be reassembled 
using more radiation-
resistant BaF2 crystals   

There are no 
commercially available 
photodetectors for the 
Mu2e-II calorimeter ! 

CALOR 2018    

Eugene  OREGON 

May 21-25, 2018 



Mu2e-II RnD 

Talk by N.V. Atanov at Northwestern Univ. Mu2e-II Workshop, 2018 

 
 
AlGaN MCP 

We managed to create a PMT for effective registration of a 
fast component and suppression of a slow component of the 
BaF2 emission spectrum using the AlGaN-based 
photocathode. 



Mu2e JINR contribution (summary)  
•CRV 

• RnD to increase light collection from long scintillator counters with 
fibers inside them (simulation, rad. sources and cosmic tests,  rad. 
hardness tests) 
• tests of the different type counters on the 120 GeV proton beam 
• creation of the test stand for QA of the assembled CRV modules 
• development of modules assembly method and participation in the 
modules assemble and tests 
 

•Calorimeter 
• tests of the LYSO and CsI Kharkov made crystals on the radiation 
sources and electron beams ( Frascati, Erevan) 
• participation in development and testing of the front end electronics 
• participation of the “0” module test at Frascati 
• participation in the QA of CsI crystals at Caltech 
• simulation of the Mu2e calorimeter in-situ calibration at the half 
magnetic field Runs 
 

•Mu2e-II RnD 
• RnD with “solar blind” photodetectors for BaF2 crystals to suppress 
slow scintillation component ( 320 nm max ) using multilayer filters 
and PMT with AlGaN-based photocathode connected to MCP. 



Mu2e JINR group plans  
•CRV 

• continue to participate in the modules assemble and QA tests at UVa  
• filling of the fiber holes for 7 m counters with synthetic silicon (SKTN) to 
provide efficient counter life  
•Participation in the assemble, startup and maintenance of the CRV 

•Calorimeter 
• QA tests of all frontend boards at JINR created test 
• provide Mu2e calorimeter in-situ calibration at the half magnetic field runs 
• Participation in the assemble, startup and maintenance of the calorimeter  

•Tracker 
• Participation in the straw panel production and QA at Minnesota  Univ. 

•Operation 
• Creation of the remote control room 

•Data analysis  
• process the data to search for the conversion electron among background 
surround 

•Mu2e-II RnD 
• continue RnD for development and tests of photodetectors suitable to 
work with fast scintillation component of  BaF2 crystals in longitudinal 
magnetic field 
• neutron radiation tests of detector components 





 Physics data taking through 2026 – assuming no significant performance issues 
arise 

 Note: LBNF shutdown currently scheduled for 2y starting mid-2024 

 Strong motivation to collect full data set as soon as possible 

 This schedule maintains our competitive advantage over COMET Phase-II. 

 Strong Lab and DOE support needed to maintain current schedule 
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Solenoid Fabrication and Installation

Commissioning of Solenoids and Cryo Distribution Fabrication/Installation

Accelerator Fabrication and Installation Commissioning

Single Turn Extraction to Diagnostic Absorber Operations (with beam)

Detector Construction Physics Running

Initial Muon Beamline and Detector Installation Project Complete

Commission Detectors with Cosmic Rays Ready for Beam

KPPs Satisfied

DOE CD-4 Milestone

  Strawman Aggressive Scenario:

Commission Resonant Extraction and Extinction

Map Fields to High Precision

Commission w/ vacuum, Install shielding, CRV, etc.

Experiment Ready for Beam

6 month Schedule Uncertainty 

Commissioning with beam on target

First Physics Run

SecondPhysics Run (Full data set)

FY22FY17 FY18 FY19 FY20 FY21 FY23 FY24 FY25 FY26 FY27
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16	months	float

6	month

uncertainty

First beam on target in 2022 
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•A.Artikov et al, “Mass Production and Quality Tests of a High-Efficiency Cosmic Ray Veto Detector 
for the Mu2e Experiment “, IEEE Nuclear Science Symposium, 26 October – 2 November 2019,  
Manchester, UK  
•N.V.Atanov et al., “PMT with AlGaN photocathodes and MCP for BaF2 scintillator detectors in 
particle physics”, IEEE Nuclear Science Symposium, 26 October – 2 November 2019,  Manchester, UK  
•Yu. Kharzheev, “Radiation Hardness of scintillation detectors based on organic plastic scintillators 
and optical fibers”, International Conference  “New trends in High-Energy Physics” Monternegro, 
Budva 24-30 September 2018   
•Yu.I.Davydov et al., “Tests of 3x3 undoped CsI matrix with an extremely low intensity electron 
beam”, International Conference  “New trends in High-Energy Physics” Monternegro, Budva 24-30 
September 2018 

•A.M. Artikov, V. Baranov, J.A. Budagov, A.N. Chivanov,  Yu.I. Davydov, E.N. Eliseev, E.A. Garibin, 
V.V. Glagolev, A.V. Mihailov, V.V. Terechschenko, I.I.Vasilyev “Suppression of a slow component of 
a BaF2 crystal luminescence with a thin multilayer filter” CALOR 2018 - 18th International Conference 
on Calorimetry in Particle Physics,  Eugene, Oregon, USA, May 21-25, 2018 

•17-th Baikal Summer School on Physics of Elementary Particles and Astrophysics Report  «Radiation 
hardness study of the synthetic rubber filler SKTN-MED – promising material for HEP experiments». 
•A.Artikov et al, “The light yield of a long scintillation strip with WLS fiber embedded into the co-
extruded hole ” Engineering of Scintillation Materials and Radiation Technologies" - ISMART 2016, 
Minsk 2016 
•Yu.Kharzheev, “Scintillation Detectors in modern High Energy Physics Experiments and Prospect of 
their use in Future Experiments ”, International Conference on Astrophysics and Particle Physics, 
Conference Series LLC, Dallas, USA , 2016 
•Yu. Kharzheev, “New trends in using Scintillation Counters in modern High Energy 
Physics Experiments ”,  6th International Conference on Contemporary Physics (ICCP-VI), The 
Nuclear Energy Commission of the Government of Mongolia, MAS, NUM, JINR, Ulaanbaatar, 
Mongolia, 2016  
 

 



MEG-II experiment 



MEG-II experiment 



MEG-II experiment 

Detector layout 



MEG-II experiment 

MEG Upgrade 

The total number of sense wire - 1920 (ch) 
           Field wire - 8448 

                      Guard wire - 768 

length of the CDCH is ≥1930 mm 
Rext=284 mm 



MEG-II JINR contribution  

Development and support of event 3D visualization software  

Working 
demo 
version of 
the Event 
Display  
 
Presented at 
the  MEG2 
collaboration 
meeting  July 
2019 

We suggested MEGII collaboration to develop Event Display web application based on new 
technology using of WebGL library. The main goal of the project is development Web based 
server and client application to visualize 3D interactive models of all sensors of MEGII detector 
connected to event data stream in online and offline modes for presentation and supervisory 
tasks without additional software on client side. Client part of the Event Display should use 
only standard methods which are available in modern Web browsers from different vendors 
supporting JavaScript dialects starting from ECMAScript 2015 and newest. Clients should have 
possibilities to use mobile devices as well.  

g2mu.jinr.ru/three 

Viktor Krylov 

http://g2mu.jinr.ru/three


MEG-II JINR contribution  

Status 

• MEG II user group was created. 

• MEG II software was installed.  

• Full chain of MEG II simulation and analysis programs was tested successfully. Our   

cluster is certified for work in MEG II collaboration. 

• Members of LNP MEG II group started to study the drift chamber simulation and 

pattern recognition software. 

• MEG II collaboration participants run their jobs on LNP JINR cluster 

MEG II data processing and analysis  

Main goals of this activity 

• Participation of LNP MEG II group in data processing and physics analysis. 

• Effective using of the DLNP JINR computer infrastructure by MEG II 

collaboration.  

DLNP JINR computing cluster 
• Cluster includes 800 CPU’s for batch jobs processing. Data storage is located on the 

local disk pools and disks provided by JINR AFS system.  

29TB local disk pool is assigned for MEG II simulation, data processing and physics 

analysis.  

 



MEG-II JINR contribution  
Photonuclear reactions in geant4 

•A modification of the standard package geant4, which allowed 
to correctly describe the energy loss in the calorimeter is 
proposed. 
•We together with the data Center of photonuclear experiments ( 
Varlamov V. V., etc.) of MSU are going to include the calculated 
cross sections of photonuclear processes for Xe in the MEG-II 
modeling package. 



MEG-II JINR contribution  

•Participation in construction, installation and setup of the positron tracker. 
 

• Development of a new method of meaturement of wire tension inside closed 
volume of the positron tracker for control of the detector performance. (A. O. 
Kolesnikov, V. L. Malyshev, N. P. Kravchuk, A. I. Rudenko.) 
 

•An improved design of the cylindrical drift chamber (CDCH) has been developed 
and presented to the collaboration. Special attention is paid to the analysis of cells, 
which form an electric field in the CDCH. It has been shown that number of factors: 
gravitation, electrostatic and errors in the manufacturing - make a significant impact 
on uniformity of electric field, i.e. on coordinate accuracy.   The cell’s form suggested 
doesn’t change an electric field in the cell in principle, but allows to reduce a quantity 
of material and control mechanical tension of wires. (A. O. Kolesnikov, N. P. 
Kravchuk, K. K. Limarev).  
 

•Development and support of user-friendly web interface software for control and 
setup of multiple parameters of the WaveDREAM boards in the WaveDAQ 
integrated trigger and data acquisition system. The software based on JavaScript 
Custom Page technology for MIDAS is a practical and robust tool to manage 
thousands of  WaveDAQ electronics channels. (N.V. Khomutov). 
 

 



plans of JINR contribution in  

 MEG-II for 2021-2023  
•  Drift chamber maintenance   
•  DAQ  + Event Display development and support 
• Ensure the operation of the JINR computer cluster for simulation and 
data analysis. Increasing the computer cluster data storage and power by 
necessity.     
• Participation in the drift chamber simulation, track reconstruction 
procedures, precise energy reconstruction in Xe calorimeter and further in  
data analysis  
•Participation in physics analysis of the experimental data to search for 
the μ+ → e+γ decay (using likelihood analysis to calculate the best estimate 
of the number of μ+ → e+γ signal candidates, its confidence interval and 
the significance).  
•Participation in physics analysis of the experimental data for precise 
measurement of the radiative decay of polarized muons μ+→ e+ννγ. The 
importance of studying the radiative muon decay (RMD) is twofold: on 
one hand, it provides a tool for investigating weak interactions. On the 
other hand, it constitutes important sources of background for 
experiments searching for rare muon decays 



•A.M. Baldini, Y. Bao, E. Baracchini, (... N.Khomutov, A.Korenchenko, N.Kravchuk) et al. "Search for the lepton 
flavour violating decay 𝜇+→e+𝛾 with the full dataset of the MEG experiment“ Eur. Phys. J. C (2016) 76: 434. 

•Baranov, V.A. et al., “A Tracker Prototype Based on Cathode Straw Tubes” Instrum. Exp. Tech. (2018) Volume 61, 
Issue 5, p 645. Original Russian Text © V.A. Baranov et al. , 2018, published in Pribory i Tekhnika Eksperimenta, 
2018, No. 5, pp. 19–22. 

•A. M. Baldini, N. Khomutov, A. Korenchenko, N. Kravchuk et al., The design of the MEG II experiment, 
Eur.Phys.J. C78 (2018) no.5, 380. 

•Baranov V.A. et al., A Tracker Prototype Based on Cathode Straw Tubes, Instrum. Exp. Tech. (2018) Volume 61, Issue 

5, p 645. 

•A. M. Baldini, N. V. Khomutov, A. S. Korenchenko, N. P. Kravchuk, N. A. Kuchinksiy et al., MEG Upgrade 
Proposal, arXiv:13017225v2 [physics.ins-det] 

•N. V. Khomutov, Using the cathode surface of straw tube for measuring the track coordinate along the wire and 
increasing rate capability, New Trends in High-Energy Physics. Budva, Becici, Montenegro, 02 October - 08 October, 2016. 

•N. P. Kravchuk, Tracker prototype on a base of cathode straw, Fifth International Conference ESMART 2016 
"Engineering of Scintillation Materials a 01-nd Radiation Technologies", September 26-30, 2016, Minsk, Belarus. 

•V.A. Krylov. Development of web interactive 3D environment for event display in muon g-2 (Fermilab) and MEG-2 
(PSI) experiments. NEC-2019, Budva, Becici, Montenegro, 30 September - 04 October, 2019. 

•N. A. Kuchinskiy, The MEG Experiment. Search For Physics Beyond The Standard Model, XIV-th International School-
Conference "Actual Problems of Microworld Physics", 12-August, 24, 2018, Grodno, Belarus 

•N. A. Kuchinskiy, N.  P.Kravchuk. Search For Physics Beyond The Standard Model, XIII-th International School-
Conference "Actual Problems of Microworld Physics", 27 July-7 August, 2017, Gomel, Belarus. 

•Limarev K. K., A note of a design of CDCH, 23-th Conference AYSS-2019, Alushta. 

 

 





Estimated expenditures for the Mu2e experiment   

 



Estimated expenditures for the MEG-II experiment   

 

To be continued in Z. Tsamalaidze talk 



BACKUP slides 



Estimated expenditures for the COMET experiment   

 



Estimated expenditures for the Project   
 









Model-independent effective lagrangian 



Probe of New Physics parameter space  



MEG-II JINR contribution  

Development and support of event 3D visualization software  

g2mu.jinr.ru/three 

After investigated of all possible solutions was suggested to dwell on the 
following decision. 
1) Server part should use NodeJS cross-platform framework based on V8 
JavaScript Engine from Google. 
2) ThreeJS - cross-browser JavaScript library based on WebGL GPU-
accelerated software. WebGL is a JavaScript API for rendering interactive 
2D and 3D graphics with any compatible web browser without the use of 
additional plug-ins. 
3) React  framework - JavaScript libraries for building user interface 
maintained by Facebook Inc. 

 

Demo video file    

Viktor Krylov 

http://g2mu.jinr.ru/three
MEG2.avi

