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The overview
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Perimeter 632.94 m

2𝜃 60 mrad

𝛽𝑥
∗/𝛽𝑦

∗ 100 mm / 1 𝑚𝑚

𝐹𝑅𝐹 350 MHz

𝐸beam (GeV) 𝟏. 𝟓 𝟐. 𝟓 𝟑. 𝟓

𝐼 (A) 2 2 2

𝑁bunch 292 328 262

𝐿peak × 1035

(cm−2s−1)

𝟎. 𝟖 𝟏. 𝟎 𝟏. 𝟎

Parameters as of 2021

Super c-tau factory (SCTF) = 

𝑒+𝑒− collider with c.m. energy from 3 to 7 GeV 

+ detector

1.5 – 3.5 GeV e-e+



Timeline
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Several proposals 

for 𝑐𝜏 colliders: 

BINP, JINR, ANL, 

IHEP,… 

𝐿 = 1033 − 1034

The only running is: 

BEPC-II

Crab-waist invented

Potential x10-100 

increase in luminosity 

First version of 

SCTF proposal

CDR published

SCTF selected 

as one of six 

mega-science 

projects to be 

built in Russia

IAC established. 

Regular 

international 

meetings 

started

CREMLINplus

started

New potential 

location for 

SCTF: National 

Center of 

Physics and 

Mathematics

~1995

2006

2009

2011

2017

2020

2021

Start of SCTF 

Partnership

NskHefeiMoscowOrsayNsk

Cremlin+



SCT Physics in a nutshell
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 Measurement of the strong 

phases of 𝐷 decay amplitudes

 Measurement of absolute 

branching fractions

 Searches for rare and 

forbidden decays of the charm 

quark

 𝐶𝑃 violation in charm

 …

charm

tau

QCD

 Physics of highly-excited 

quarkonium

 Charmed exotic states (XYZ)

 Baryon interaction at 

threshold

 Search for glueballs in 

decays of 𝐽/𝜓 and 𝜓 2𝑆
 …

Input for 𝐵 meson studies 

at LHC𝑏 and Belle II

 Precision measurement of 

the 𝜏 lepton properties

 Michel parameters, tests of 

lepton universality

 Precision measurement of 

hadronic 𝜏 decays

 Search for 𝐶𝑃 and T 

violation in 𝜏 decays

 …

QCD, 𝛼𝑠, 𝑉𝑢𝑠. 
Test of the 

electroweak 

model, searches 

for non-standard 

contributions

Test of the 

electroweak 

sector of the SM

A one-year dataset

2𝐸, 𝐆𝐞𝐕
Events 

recorded

3.1 1012 𝐽/𝜓

3.69 1011 𝜓(2𝑆)

3.77 109 𝐷 𝐷

4.17 108 𝐷𝑠 𝐷𝑠

3.55 ÷ 4.3 1010 𝜏 𝜏

4.65 108 Λ𝑐
+Λ𝑐

−

at ℒ = 1035 cm−2𝑠−1
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 Measurement of the 

Weinberg angle 

(precision EW test)

EW



SCT

𝐵𝑠

𝐵𝑠
0 → 𝜇𝜇

SUSY,

Charged 

Higgs Charm mixing

CKM 𝛾

CKM 𝛼, 𝛽

𝐷 → 𝑙𝜈 Charged 

Higgs

CPV in charm

sin𝜃𝑊

𝛿𝐾𝜋
𝐽/𝜓 → hadrons𝐽/𝜓 𝑐  𝑐 → W+s

Absolute branching fractions

𝜏 → 𝜇𝛾𝐷 → invisible

𝑋 3872 → 𝐽/𝜓𝜋𝜋

𝑍𝑐 3900 → 𝐽/𝜓𝜋

Quantum correlated 𝐷0 𝐷0

𝐵 → 𝐾∗𝑙𝑙

𝜏 → 𝜇𝜇𝜇

𝑏 → 𝑠/𝑑 𝛾 𝑏 → 𝑢𝑙𝜈

Neutral particles 

in the final state

𝜏 → hadrons

𝜏 → 𝑙𝜈𝜈

𝐵 → 𝐾𝑠
0𝜋0𝛾

𝐵 → ℎ𝜈𝜈, 𝜏𝜈

𝐵 → 𝐷0𝜏𝜈

𝑉𝑢𝑏 𝑉𝑐𝑏Only charged 

particles in the final 

state
𝐷0 → 𝑒𝜇

𝐵𝑠
0 mixing 

and lifetime

𝐵0 mixing 

and 

lifetime 𝜏 lifetime

𝜑𝑠

𝐵0 → 𝜇𝜇

𝑉𝑐𝑑

𝐷0 → 𝜇𝜇

𝐵 → 𝐷∗𝜏𝜈

CPV in 

𝐷0 →
ℎ+ℎ−

Dark matter

LFU

New 

CPV

LFU

𝛼𝑠

Charm spectroscopy

𝐵 → 𝐾𝑠
0𝐾𝑠

0𝐾𝑠
0

Υ 5𝑆

Υ 6𝑆

𝐵 → 𝐾+𝜋−𝜋0

𝐵0 → 𝐷0𝜋+𝜋−
𝐵+ → ℎ1

+ℎ2
+ℎ3

−

Charged 

Higgs

Clear 

BSM

Clear 

BSM

Λ𝑏

Ω𝑏

Σ𝑏

Model-independent 𝐷0 → 𝐾𝑆
0𝜋+𝜋−

Polarized beam

SCTF vs Belle-II vs LHCb

SCTF advantages

• Threshold production of 

particles

• Pair production 

• Quantum correlations 

in 𝐷 𝐷 production

• Low multiplicity, full 

reconstruction of decay 

chain

• Polarization of electron 

beam
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Related talks at this workshop
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D
e

te
c
to

r

Inner Tracker for SCTF: status and perspectives Gianfranco Morello (INFN)

BINP R&D on DC with hexagonal cell Dmitriy Kyshtymov (BINP)

DC with cluster counting mode: status of beam test and 

simulation

Federica Cuna (INFN)

FARICH and FDIRC options for PID system of SCTF: status of 

simulation and prototyping

Mustafa Schmidt

Status of R&D for EMC based on pure-CsI crystals for future 

collider experiments at BINP

Denis Epifanov (BINP)

AURORA software package for parametric simulation and 

feasibility study, 

Daniil Zhadan (BINP)

Use of Artificial Neural Network for Event Reconstruction in 

FARICH detector (poster)

Sergey Kononov (BINP)

Parametric simulation of the SCT detector (poster) Maria Belozyorova (BINP, 

NSU)

A
c
c
e

l. Injection facility of Super Charm-Tau Factory Alexey Petrenko (BINP)

Super C-Tau collider status and challenges Anton Bogomyagkov (BINP)



Collider
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Lattice and layout 2021
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Lattice and layout 2021

Full ring Interaction region
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Synergy with FCC-ee, CEPC, SKIF,…



Polarization of electron beam
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IP

SS1

SS3

SS2

120

120120

Three Siberian snakes are used to provide longitudinal polarization of 𝑒− beam at IP

𝑩𝒔𝒐𝒍 𝑩𝒔𝒐𝒍

To decouple 𝑅𝑥 = −𝑅𝑦, 7 quadrupoles needed

Solenoid spin rotation angle is 𝜋/2
𝐵𝑠𝑜𝑙 = 7 T at 𝐸𝑏𝑒𝑎𝑚 = 3.5 GeV, 𝐿 = 2.6 m

Polarization lifetime

Degree of polarization

Particles replenishing time



E(MeV) 1500 2000 2500 3000 3500

Π(m) 632.94

𝐹𝑅𝐹(MHz) 350

2𝜃(mrad) 60

𝜺𝒚/𝜺𝒙(%) 0.5

𝛽𝑥
∗/𝛽𝑦

∗ (mm) 100/1

I(A) 2 2 2 2 2

𝑁𝑒/𝑏𝑢𝑛𝑐ℎ × 10−10 9 9 8 9 10

𝑁𝑏 292 292 328 292 262

𝑈0(keV) 130 260 465 773 1220

𝑉𝑅𝐹(kV) 1600 2000 2500 3500 5000

𝜈𝑠 0.0164 0.0159 0.0158 0.017 0.019

𝛿𝑅𝐹(%) 1.9 1.8 1.7 1.7 1.9

𝜎𝑒 × 103 (SR/IBS+WG) 0.28/1 0.4/1.1 0.5/1.1 0.6/1.1 0.7/1.1

𝜎𝑠(mm)        (SR/IBS+WG) 4/15 7/15 7/15 10/15 12/14

𝜀𝑥(nm)         (SR/IBS+WG) 2.7/8.8 5/5.5 7/4.6 10/5.8 14/8.1

𝐿𝐻𝐺 × 10−35 𝑐𝑚−2𝑠−1 0.8 1 1 1 1

𝜉𝑥/𝝃𝒚 0.007/0.15 0.005/0.14 0.003/0.1 0.003/0.09 0.004/0.08

𝝉𝑻𝒐𝒖𝒔𝒄𝒉𝒆𝒌 (s) 1600 1600 2300 4000 8300

𝝉𝑳𝒖𝒎𝒊𝒏𝒐𝒔𝒊𝒕𝒚 (s) 2000 1600 1700 1600 1600

Design parameters
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Accelerator status and challenges

• The desired luminosity is achieved in the linear lattice simulations

• There is detailed design of the interaction region, MDI, final focus

• Siberian snakes sections provide sufficient longitudinal polarization

• On-momentum dynamic aperture is sufficient for injection and beam-
beam effects

• The current challenge is to reach sufficient off-momentum dynamic 
aperture for 1.5-2.5 GeV beam energies to provide necessary 
Touschek lifetime

Details of the injector and collider design and main challenges will be discussed in 
the dedicated talks on Wednesday: 

• Alexey Petrenko (BINP), “Injection facility of Super Charm-Tau Factory” and 

• Anton Bogomyagkov (BINP), “Super C-Tau collider status and challenges”
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The detector
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General layout

1. Vacuum pipe

2. Inner tracker

3. Drift chamber

4. PID

5. Calorimeter

6. SC magnet

7. Muon system
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5.6 x 5.6 x 5.3 m3



Detector requirements

• Momentum resolution  𝜎𝑝 𝑝 ≤ 0.4% at 1 GeV 

• Very symmetric and hermetic 

• Able to detect soft tracks (𝑝𝑡 ≥ 50 𝑀𝑒𝑉/𝑐)
• Inner tracker should be able to handle 104 tracks/cm2s

• Very good particle identification:  𝑒  𝜇  𝜋 𝐾
•  𝜋 𝐾 in the whole energy range, e.g. for 𝐷 𝐷 mixing

•  𝜇 𝜋 up to 1.5 GeV, e.g. for 𝜏 → 𝜇𝛾 search

• 𝑑𝐸/𝑑𝑥 better than 7%

• Able to detect 𝛾 from 10 MeV to 3 GeV, good 𝜋0/𝛾 separation
• Calorimeter energy resolution  𝜎𝐸 𝐸 ≤ 1.8% at 1 GeV

• Calorimeter time resolution 𝜎𝑡 ≤ 1 ns

• Efficient “soft” trigger

• Ability to operate at high luminosity, up to 300 kHz at  𝐽 𝜓
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4-layer Si-strip Cylindrical MPGD Time Projection 

Chamber (TPC)

Inner tracker options
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• Resolution similar to drift chamber (~100 𝜇)

• Sensitive to particles with low 𝑝 (~50 MeV/c)

• Compatible with final focus constraints

• Able to handle high particle flux

• Approximate size: 

Ø (40-400) x 600 mm 

𝑝(𝜋+)
in e+e- ⟶ DD*

50 

MeV/c

INFN BINP

Dedicate talk on Tuesday by 

Gianfranco Morello



Inter tracker: TPC (BINP)

17

On the way to first prototype

TPC advantages:

• Highest number of hits per track

• Great dE/dx measurement

Ability to operate in high flux (including reconstruction) have to proved
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Inner tracker: CMPGD 

(INFN – Ferrara, Frascatti)

Several sub-options are being developed. Parallel activity: endcap tracker disks for 

CMD-3 detector, based on micro-RWELL technology.
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Main tracker: drift chamber

Measurement of momentum and dE/dx (PID)

• Spatial resolution ~100 𝜇

• Small cell

• Minimal material (reduce MS)

• Approximate size: Ø (400-1600) x 1800 mm
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“Traditional” option “Beyond-traditional” option

Babar, BES-3, Belle-2 KLOE, MEG-2, IDEA

Axial and stereo superlayers Full stereo

Traditional dE/dx dE/dx by cluster counting

Feed-through wiring Robotic wiring

INFNBINP



Drift chamber: “traditional” option (BINP)

• ~40000 wires

• 11k sensitive, W-Rh(Au)

• 29k field, Al(Au)

• Hexagonal cell, 6.3-7.5 mm

• 41 layers

• 60% He + 40% C3H8

• 330 ns drift time (1.5 T)
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𝜎𝑝𝑡
𝑝𝑡

≈ 0.21%2𝑝𝑡
2 + 0.31%2

≈0.4% at 1 GeV
𝜎  𝑑𝐸 𝑑𝑥

 𝑑𝐸 𝑑𝑥
≈ 6.9%

I.Yu.Basok et al., NIM A1009 (2021) 165490

Dedicate talk on Tuesday by 

Dmitriy Kyshtymov



Drift chamber: “traditional” option (BINP)
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Drift chamber: TraPid option (INFN)
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• ~141000 wires

• 23k sensitive, W

• 117k field, Al  (→ C)

• Square cell, 7.2-9.1 mm

• 64 layers

• 90% He + 10% iC4H10

𝜎𝑝𝑡
𝑝𝑡

≈ 0.078%2𝑝𝑡
2 + 0.18%2

≈0.2% at 1 GeV
𝜎  𝑑𝑁 𝑑𝑥

 𝑑𝑁 𝑑𝑥
≈ 3.6%

Measurement of 

individual clusters 

improves time 

and dE/dx 

resolution 

Robotic wiring

developed for MEG-2
Dedicate talk on Tuesday by 

Federica Cuna



Drift chamber: TraPid option (INFN)
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INFN teams

INFN Bari

M. Abbrescia

R. Aly

N. De Filippis

D. Diacono

G. Donvito

W Elmetanawee

G. Iaselli

M. Maggi

I. Margjeka

INFN Lecce

A. Corvaglia

G. Chiarello

F. Cuna

E. Gorini

F. Grancagnolo

A. Miccoli

M. Panareo

M. Primavera

G. Tassielli

A. Ventura

Mechanics, wiring, test beam, 

simulations…

BINP

Preamp ASIC, wire coating, 

simulations,…

Plan to create smaller-size DC for CMD-3 as a prototype



Particle identification

Requirements for PID system

• 𝜋/𝐾 separation > 4𝜎 up to 2.5-3.0 GeV/c

TOF (BES-3): 3𝜎 at 0.9 GeV/c, DIRC (BaBar): 4𝜎 at 2.5 GeV/c

ASHIPH (KEDR): 4𝜎 at 1.5 GeV/c

• 𝜇/𝜋 suppression ~1/40 for to 0.5-1.2 GeV/c

• good 𝜇/𝜋 separation at low momentum

Several option are being considered: 

FARICH, ASHIPH, TOF, DIRC 
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A.Yu.Barnyakov et al., NIMA 958 (2020) 162352

A.Yu.Barnyakov et al., JINST 15 (2020) 04, C04032

Dedicate talk on Tuesday by 

Mustafa Schmidt and poster by 

Sergey Kononov



• Proximity focusing RICH

• 4-layer or gradient aerogel radiator 

nmax = 1.05 (1.07?), thickness 35 mm

• 21 m2 total photon detector area

• SiPMs in barrel (16 m2)

• MCP PMTs in endcaps (5 m2)

• ~106 pixels with 4 mm pitch

PID: FARICH option (BINP)

25

T.Iijima et al., NIM A548 (2005) 383
A.Yu.Barnyakov et al., NIM A553 (2005) 70
A.Yu. Barnyakov, et al., NIM A 732 (2013) 35

First 4-layer aerogel

Variable n allows to increase Npe using thicker 

radiator without compromising σΘc

First detector: Belle-II (ARICH)

2012 test beam: µ/π separation ≥3σ at

P=1 GeV/c is demonstrated
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Compact FEE for FARICH/DIRC
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Amplifier board

• 27×27 mm2 size

• 14-layer PCB

• 30x gain, 64 

channels

• couples to KETEK 

8×8 SiPM array

Simulated single photon pulse shapes from amplifier for 

different input resistance. ~ 22mV amplitude can be 

achieved.

TDC board

• 64 channels

• 2 TDC + 4 

threshold 

FPGAs

• 10ps 

precision

DC-DC convertor board

• goes behind the backplane

• 51×84 mm2 size

• provides power to SiPMs, 

amplifiers, FPGA

• uses air inductive coils to 

operate in the detector 

magnetic field

• power, trigger & clock 

connectors
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Calorimeter: pCsI option
• 7424 crystals, 16/18 X0

5248 in barrel

2176 in endcap

• 5.5  x 5.5 x 30(34) cm

• I. pCsI + 1 photopentode

• II. pCsI + WLS + 4 APD
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Option (I) was tested successfully ~18 years ago, 

project parameters were achieved. 

Option (II) is being prototyped and optimized, still 

notable improvements are necessary.

𝜎𝐸
𝐸

≈
1.9%

4 𝐸(𝐺𝑒𝑉)
⊕

0.33%

𝐸
⊕

0.11%

𝐸

Dedicate talk on Wednesday 

by Denis Epifanov



Muon system
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• detect muons
• mult.scat. of O(1cm)

• 𝜇/𝜋 separation

• 𝐾𝐿 detection

Baseline option:
scintillator strips + WLS fiber + 
SiPM

(BELLE-2, CMD-3)

8-9 layers inside iron yoke

~1500 m2

BELLE-2

CMD-3



Simulations
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The SCT detector software framework Aurora v.1.0.0 

has been released in 2021 as a result of joint efforts of 

BINP, CERN, INFN and Giessen U. groups

Dedicate talk on Wednesday 

by Daniil Zhadan and poster 

by Maria Belozyorova



Internationalization and collaboration
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Building the collaboration
• International advisory committee

(experts from Italy, CERN, USA, Russia, 
China, Spain, Germany, Mexica, Poland)

• Dedicated international 
workshops
• December 2017, Novosibirsk

• March 2018, Beijing

• May 2018, Novosibirsk

• December 2018, Orsay

• November 2019, Moscow

• November 2020, Hefei (online)

• Fall 2021, Novosibirsk (online)

Collaborators are very welcome!
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Working groups

• Inner tracker

• Drift chamber

• PID

• Calorimeter

• Muon system

• Magnet

• Physics and simulations

• Computing

• DAQ and trigger

• Beam background

• Engineering

CDR and other info: http://ctd.inp.nsk.su



SCTF in the global particle physics 

landscape

32

 2020: update of European Strategy in 

particle physics

 Role of SCTF in flavour sector is 

discussed in Physics Briefing book: 

arXiv:1910.11775 [hep-ex]

Snowmass2021

 Snowmass 2021 Letter of Interest was 
submitted

 Signed by physicists from 38 organizations
(10 from Russia)

Eurostrategy

Logashenko Ivan Overview of the SCTF project

https://arxiv.org/abs/1910.11775


CREMLINplus
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• Duration: 2020-2024

• Aims:

o Fostering European-Russian scientific 

and technical collaboration

o Developing access schemes to 

Russian research infrastructures

o Developing and implementing a base 

for broad and multilevel exchange of 

knowledge and expertise

• 35 partners (10 Russian + 25 EU)

www.cremlinplus.eu • WP1 MGT: Management and Dissemination

• WP2 NICA: Collaboration with NICA

• WP3 PIK: Collaboration with PIK

• WP4 USSR: Collaboration with USSR

• WP5 SCT: Joint technology development around SCT and 
future lepton colliders

• WP6 XCELS: Joint technology development around 
XCELS

• WP7 DETEC: Joint development of detector technologies

• WP8 TNA: Access to Russian RI

• WP9 TRAIN: Staff exchange and training for RI 
management

• WP10 LTS: Joint long-term sustainability of RIs

This project has received funding from the 

European Union’s Horizon 2020 research 

and innovation programme under grant 

agreement No. 871072
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http://www.cremlinplus.eu/


CREMLINplus WP5

34

BINP, Russia

IJClab (CNRS), France

CERN, Switzerland

Justus-Liebig Univ., 

Germany

INFN,                  , Italy

Bari

Frascati

Ferrara

Frascati

Collaborating partners

1. SCT

Internationalization

2. Collider technologies

3. Detector software

4. Inner tracker

5. Central tracker

6. Particle identification

Formal collaboration 

around the SCT 

experiment

High current, low energy 

collider prototype

Release of the SCT 

detector software

Prototypes for the key 

subsystems of the SCT 

detector

Joint technology development 

around SCT and future lepton 

colliders
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SCT Partnership

• There is a lot of progress related to SCTF and more and more 
groups are joining. There is need for organizational framework 
to bring all these efforts together.

• Goal of the Partnership (proto-collaboration): 

• Studies of the physics discovery potential

• The detector simulation and optimization studies, including 
engineering and integration

• Software development for event generation, detector simulation, event 
reconstruction and analysis

• Hardware development for detector sub-systems and their readout

• electronics

• Building consensus on critical aspects of the SCT experiment planning

• and relaying it to the officials;

• Preparing governance rules for the full-scale collaboration

• Kick-off meeting – November 18, 2021
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SCT Partnership organizational structure
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GroupsGroups Groups

Russian and International spokespersons

IB Chair
Project 

Coordinator

BINP

Host 

Laboratory

Steering 

Committee

Groups enter Partnership by submitting LOI followed by IB vote

Institutional Board



SCT Partnership documents
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Memorandum of Partnership

https://ctd.inp.nsk.su/wiki/images/6/6f/SCT_Memorandum_of_Partnership.pdf

Letters of Intent

https://ctd.inp.nsk.su/wiki/images/6/6f/SCT_Memorandum_of_Partnership.pdf


Possible Location: Sarov
Super c-tau factory is now planned to be located near Sarov town as the key

megascience research infrastructure of the new National Center for Physics

and Mathematics

Sarov and Los Alamos are sister cities

Sarov is a home for national Federal Nuclear Center
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Sarov



National Center for Physics and 

Mathematics
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RosAtom

Russian 

Academy 

of Science

Kurchatov

Institute

Moscow 

State 

University

Consortium

National Center of Physics 

and Mathematics

Diverse Research Program

Research Infrastructure

Education (branch of MSU)

• Established in 2021

• The organizational structure is 

being created 

• The first students were 

admitted this September

Super c-tau factory is considered 

as the key “megascience”-scale 

research infrastructure at NCPM



Summary

• There is rich physics program of experiments at Super c-tau 

factory

• There is well developed, CDR-level design of the Super c-tau 

factory

• There are ongoing studies of collider and injector designs, 

simulations of the experiments at SCTF, developments of the 

detector subsystems – on the way to TDR

• Software for detector simulation/reconstruction/analysis was 

released in 2021 – very important for feasibilities studies

• The international collaboration on the project is growing. SCT 

Partnership, the proto-collaboration, is about to be launched

• The possible location for SCTF is the recently established 

National Center of Physics and Mathematics near Sarov
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