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1982-83  SPS 
Discovery of W and Z

σ(MZ) = 2 GeV

1989-95  LEP
Precision study of Z

σ(MZ) = 2 MeV

1995: top quark discovered at a hadron collider
2012: Higgs boson discovered at a hadron collider
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Choice of collider type

• e+e- collisions
• Point-like particles
• Total annihilation: 

initial state known
• Decent background
• Limited in energy,   

but – precision! 

• pp(bar) collisions
• Composite particles
• Random energy of 

the hard interaction
• High background
• Highest energy  

frontier – discovery!
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ILC (2030) CLIC (2035)

CEPC (2030) FCC-ee (2039)

250 GeV
$ 4-5G

$ 6.7G (380 GeV)
$13G (3000 GeV)

240 GeV
$ 5.5G

~350 GeV
$ ???

Projects of e+e- collider
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Comparison of e+e- projects
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Organizational matters
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Organizational matters

Theme: ATLAS Theme: 
Study of funda-

mental interactions
in e+e- collisions 

Project BES3

Data Analysis

Detector Upgrade

Project ARIeL
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Why ARIeL?

• Advanced
• Research of
• Interactions in
• e+e-

• coLlisions
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What we will do
• Theoretical support of experiments at e+e- colliders

– Create e+e- generator at more than 1 loop with polarization
– Interfacing NLO EW RC to PYTHIA
– Develop single-resonance approach to complex processes
– Elaborate a standard procedure for 2→4 helicity amplitudes
– Create building blocks for complete weak 2-loops and           

QCD 3-loops, plus leading weak 3-loops and QCD 4-loops

• Preparation of CLIC research program
– New physics search in ee→γγ
– Higgs mass
– γγ→ WW and quartic coupling
– Top quark polarization
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Preparation of CLIC research 
program

• JINR is a member of CLICdp collaboration
• Main goals: preparation of research program and 

providing input on CLIC physics potential for the 
decision-making bodies

• Our studies in comparison to other projects:
– With ee→γγ (electron radius) and γγ→ WW (quartic coupling) 

CLIC is unique and unbeatable, thanks to ultra-high energy

– With top physics CLIC is similar to ILC and FCC, if they reach 
energy at the top pair domain 

– Higgs mass measurement is currently a weak side of CLIC 
(ILC/FCC/CEPC are 5 times better). We will try a new method 
which promises to improve CLIC precision a lot
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Precision of theory
• At the next-generation e+e- colliders the experimental 

precision will be improved by 1-2 orders of magnitude
• The measurements must be confronted to theoretical 

calculations
• Corresponding improvement of calculations is an 

absolute necessity
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Beam polarization
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MC generator with polarization
• Currently there is no MC generator with 

polarization at complete 1-loop level
• Our group plans to create a generator with 

polarization for the most important e+e-

processes at complete 1-loop EW level, with 
leading EW contributions up to 3 loops and 
leading QCD contributions up to 4 loops

• First result of the project: finished Bhabha
generator at complete 1-loop with polarization!
Ø (accepted by Phys.Rev. D)
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Synergy of theory and experiment

• Experiment: Top polarization. Detailed treatment of 
polarization effects is absolute necessity

• Theory: polarization in e+e- is the specialization of our 
group. We’ll create ee→tt MC generator with full 
description of polarization

• Experiment: ee→γγ. Only tree-level generator exists.
• Theory: we’ll create a complete 1-loop ee→γγ generator
• Experiment: γγ→ WW. Look for tiny BSM effects on top 

of a large SM production.
• Theory: no reliable MC generator exist. We’ll create first 

such generator
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Our background
• We participated in the following precision calculation 

projects:
– ZFITTER (LEP1, LEP2)
– HECTOR (HERA)
– SANC (LHC)

• We participate(d) in the following HEP experiments:
– DELPHI (LEP1, LEP2)
– BES3 (BEPCII)
– ATLAS and CMS (LHC)

• 2 doctoral and 9 candidate dissertations defended
• More than 50 publications by our group alone (and more 

than 1000 within collaborations)
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Our manpower
• Total 32 persons
• 18 from Dubna
• Equivalent FTE: 11 

persons (Dubna
only)

• Doctor nauk / 
professor: 8

• PhD/candidat: 15
• Researcher: 4
• Postgraduates: 2
• Students: 3
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Our spendings
• At current stage, our main hardware tool is a 

computer. 
– We plan to buy ½ PC per 3 years per 1 FTE (Dubna

people only)
• At current stage, our main activity is computation 

and data analysis, that must be widely presented 
and discussed. So, our main spendings:
– Travels to collaboration meetings
– Visiting our colleagues and co-authors in Hamburg, 

Cracow, Minsk, Novosibirsk, etc
– Participations in international conferences
– Hosting our colleagues here in Dubna
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Requested budget

380003800038000114000Total

40004000400012000Travels in 
Russia

31000310003100093000Foreign travels

3000300030009000Computer 
equipment

2021202020193 yearsExpenditures ($)
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Summary

• We are building a powerful team of 
experimentalists and theoreticians that will 
prepare the physics research at the next 
generation e+e- collider

• We are seeking for your approval of our 
project



Spare slides
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Higgs mass measurement
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Top polarization at E≥380 GeV
• Fermion pair production 

described by 3 
observables: cross-
section σ, asymmetry AFB, 
polarization P

• P=(NR-NL)/(NR+NL)
• Only accessible via 

distribution of decay 
products

• Only available for τ and t
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Electron radius from ee→γγ
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γγ→ WW at 3000 GeV
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Theory: precision means discovery!


