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2. Physics program in broad strokes

3. SCTF project
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Introduction:

SCTF in the global context
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Snowmass 2021
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“Snowmass” is HEP community forum for discussion 
of the future of the field (U.S. -> global)

HEP science drivers:

1. Use the Higgs Boson as a Tool for Discovery

2. Pursue the Physics Associated with Neutrino 
Mass

3. Identify the New Physics of Dark Matter

4. Understand Cosmic Acceleration: Dark Energy 
and Inflation

5. Explore the Unknown: New Particles, 
Interactions, and Physical Principles

6. Flavor physics as a tool for discovery New



Flavor physics
Flavor physics – precise measurement of properties of (heavy) leptons and quarks (CP violation,
rare decays, CLFV, magnetic moments,…) – one of key directions for understanding SM and
searched beyond SM.

Anomalous magnetic moment of muon
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Unitarity triangle

Precision is everything: The higher precision, the higher equivalent energies are reached

Experiment

Theory



Colliders-Factories

𝜈, 𝑒, 𝑢, 𝑑 𝑠, 𝜇 𝐻𝑐 𝜏 𝑡𝑍𝑊𝑏
Mass, GeV
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Energy ranges of high luminosity colliders (factories) correspond to production thresholds of known particles.

x100 gain in luminosity 

𝐜𝛕-factories 𝐁-factories 𝐙- and 𝐇-factories

BEPC-II (China) PEP-II (USA), KEK-B (Japan) LEP, LEP-2 (CERN)

Super 𝒄𝝉 factory
SCTF (Russia), STCF (China)

Super KEK-B (Japan)
LHCb (CERN)

FCC-ee (CERN) 
CEPC (China)

Ultimate performance (precision) is determined by luminosity and detector quality



Generations of factories
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Super factories today and tomorrow

data taking 

World flagship (100 km)

planned

STC

• There is delicate balance between existing 
𝑐𝜏-factory and 𝐵-factories (BES-III, BABAR, 
BELLE, LHCb)

• Need to keep the same balance for the next 
generation of colliders

Super 𝑐𝜏-factory is the natural element of  
global HEP strategy

Today:

LHCb: 5 fb-1

B-factories: 1 ab-1

BES-III: ~100 fb-1

Tomorrow:

LHCb: 50/300 fb-1 (Run 3/4)

Super KEK-B: 50 ab-1

Super c-tau factory: ~10 ab-1

x10-60

x50

x100

CEPC

Crab-waist collision 
scheme is crucial for 
all future factories



Physics program 
in broad strokes
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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

−

ℒ = 1035 cm−2𝑠−1

Ξ𝑐

𝐽/𝜓 𝜓 2𝑆

𝜓 3770

𝜓 4040
𝜓 4160

Λ𝑐
𝐷𝑠𝜏 𝐷

𝜓 4415

𝑅 ≡
𝜎 𝑒+𝑒− → hadrons

𝜎0 𝑒+𝑒− → 𝜇+𝜇−

Energy range of SCTF

Λ ΞΣ
Ω𝑐

𝑌 4230

Ξ𝑐𝑐
++

Threshold kinematics!
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Key directions of the physics program
 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

 Molecular states (XYZ)
 Baryon interaction at threshold
 Search for glueballs in decays of 

𝐽/𝜓 and 𝜓 2𝑆
 Searches for rare and forbidden 

decays of 𝐽/𝜓
 Measurement of sin2 Θ𝑊 at 𝐽/𝜓
 …

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

 Searches for rare and forbidden 
decays of 𝜏

QCD, 𝛼𝑠, 𝑉𝑢𝑠. Test of the 
electroweak model, searches for 

non-standard contributions

Test of the 
electroweak sector 

of the SM Test of the 
electroweak sector 

of the SM
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Some key results expected from SCTF
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Search of LFV decay 𝜏 → 𝜇𝛾Systematic study of 𝐶𝑃-violation in decays 
of 𝐷-mesons

SCT

Measurement of sin2 Θ𝑊 at 𝐽/𝜓 energy 

XYZ physics

Lorentz-structure of weak currents in 𝜏 → 𝑙  𝜈𝜈
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Super 𝑐𝜏 factory and 𝐵 factories
The experiments at Super
charm-tau factory are
complement to experiments at
Super KEK-B and LHCb, with
unique possibilities:

• Threshold production of 
particles

• Pair production 

• Quantum correlations in 𝐷0 𝐷0

production

• Low multiplicity, full 
reconstruction of decay chain

• Polarization of electron beam
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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/𝑑𝛾
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

𝑍𝑏
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Physics program: 2022 revision (in Russian)
2021: ≈ 40 pages

2022: ≈ 120 pages

Editors:

o G.Pakhlova (LPI)

o A.Bondar (BINP)

Available at   ctd.inp.nsk.su

Shorter (extracted) version 

prepared as a white paper for 

Snowmass
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https://ctd.inp.nsk.su/c-tau/
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Physics program: UFN paper (2024)

A review of the SCTF 

physics program has just 

been published in the 

Russian top physics journal 

"Physics-Uspekhi.”

Feasibility studies with 

realistic detectors and 

background descriptions 

are crucial to the further 

development of a physics 

program.
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https://doi.org/10.3367/UFNe.2023.10.039583



SCTF project
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Super charm-tau factory

General purpose 
detector

5 м

CDR
ctd.inp.nsk.su Super charm-tau factory is 𝑒+𝑒− collider, 

dedicated to precision study of properties of 

charm-quark, tau-lepton, study of strong 

interactions, search of BSM physics

o Beam energy from 1.5 to 3.5 GeV

o Luminosity ℒ = 1035 c𝑚−2c−1 @2.5 GeV

o Longitudinally polarized electron beam

 Experiments will be conducted using state-of-

the-art general purpose detector

o Tracking (including low 𝑝𝑡)

o Calorimetry (high resolution, fast, 𝜋0/𝛾 sep.)

o Particle ID (  𝜇  𝜋  𝐾 𝑝 up to 1.5 GeV/c)
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1.5 – 3.5 GeV e-e+

https://ctd.inp.nsk.su/c-tau/


Detector at SCTF
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

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



Potential location: NCPM, Sarov
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 National Center of Physics and Matematics is a new scientific/university center (established in 2021), 

located near Sarov, the largest nuclear center in Russia.

 SCTF is discussed as one of the 

prospective science infrastructures 

for NCPM.

 The SCTF R&D program is supported

as a part of NCPM scientific 

program (2023-2025). 

 SCTF R&D program is realized by 

informal collaboration of Russian 

institutions.

Moscow

Sarov
Novosibirsk

Hefei



Intensive Compton Gamma Source
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• The priority infrastructure at 
NCPM is the intensive gamma 
source, based on the scattering 
of laser photons on a relativistic 
electron beam.

• The source includes 2 GeV linac
and 1-2 storage rings, and 
several experimental stations

• The SCTF is considered as the 
next-step facility that will share 
electron source/linac and 
engineering infrastructure

• No decision/schedule yet
• R&D program is supported by 

NCPM for both projects



R&D program 
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1. Collider studies
• Simulations (design and ultimate luminosity)
• R&D for final focus
• R&D for electron source/linac

2. Detector studies 
• Inner tracker
• Drift chamber
• PID
• Calorimeter
• Magnet  (Talk by E.Pyata, 16/01 11:50)

3. Simulations and feasibility studies

With partial support from NCPM



Collider studies 
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Dynamic 
aperture

±1.1%

Talks by A.Bogomyagkov, 18/01 9:30; 16/01 11:50



Collider 
parameters 
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Limited by beams lifetime >300 s



Prototypes of the elements of final focus
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Concept design of SC FF lens
Direct Double Helical (DDH) technology
2 concentric coil at 2 cylinders

The FF design is critical to reach design luminosity

We are working on prototyping and testing the key elements of FF

FF SC quadrupole lenses were designed and built.

First tests were done, 40 T/m gradient achieved!

A.Krasnov, Vacuum/cryo design of CW FF, 17/01 11:15
V.Shkaruba, FF SC quadrupole, 17/01 11:40



RF electron gun studies
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Number of the particles in the 
bunch

2∙1011 /s

Emittance 10 nm
RMS energy spread 0.1%

RF photogun is the main candidate 
as source of electrons. 

UV laser for the metallic photocathodes
Cathode based on the 
IrCe alloy

We are studying the metallic photocathodes. The cathodes should have
• the sufficient quantum efficiency,
• the stress stability,
• the long lifetime.
One of such cathode is IrCe alloy.

We obtained the quantum efficacy of 𝟕, 𝟔𝟗 ∗ 𝟏𝟎−𝟓.

Using the electrolytic and the thermal etching 
we are modifying the surface of the cathode 
to increase the effective emission area and 
the quantum efficiency. 

Also, studies and tests of the optimal RF gun design 
for intense quality electron beam are carried out at 
the BINP at dedicated facility.

Joint R&D with Compton gamma source program



Inner tracker: TPC option
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Prototype

Considerations We are working on TPC option for IT

Talk by T.Maltsev, 16/01 09:00



Inner tracker: TPC option
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Momentum resolution vs initial momentum in the VP



Drift chamber
~40000 wires

◦ 11k sensitive, W-Rh(Au)

◦ 29k field, Al(Au)

Hexagonal cell, 6.3-7.5 mm

41 layers

60% He + 40% C3H8
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𝜎𝑝𝑡
𝑝𝑡

≈ 0.4% at 1 GeV

𝜎  𝑑𝐸 𝑑𝑥

 𝑑𝐸 𝑑𝑥
≈ 6.9%

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

Momentum
resolution

vs Θ

vs 𝑝

Talk by I.Basok, 16/01 14:25 



Drift chamber: prototyping
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Small prototype
7 cells

In operation

Large prototype (under construction)
156 cells

Measured spatial resolution

+ development of the new drift 
chamber for CMD-3 detector @BINP:
smaller size, test of many aspects 
(materials, wires, electronics,…)

+detailed simulation of cluster-
counting mode



Calorimeter: prototype of pCsI option
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The calorimeter prototype is 
made of 16 counters:
● CsI(pure) crystal (6x6x30 cm3)
● WLS plate with NOL-9
● 4 APDs (Hamamatsu S8664-55)
● 4ch preamp.  

The UV scint. light (315 nm) 
from CsI(pure) is shifted to 590 
nm by NOL-9 (nanostructured 
organic luminophore) where the 
QE of APD is maximal. The re-
emitted light is captured in the 
plate and detected by 4 APDs. Talk by D.Epifanov, 16/01 10:50 



Calorimeter: test beam studies
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Talk by V.Bobrovnikov, Test beam facility, 17/01 11:45 

Test beam study of the prototype at 
the ROKK-1M facility in BINP was 
performed in June 2023. The 
preliminary result on the energy 
resolution of the prototype agrees 
with expectation.  



PID: FARICH

Ivan Logashenko (BINP) FTCF2024: SCTF OVERVIEW 31

General parameters:
• Proximity focusing RICH
• 4-layer aerogel radiator 

nmax = 1.05, 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

• 𝜋/𝐾 separation > 4𝜎 up to 3.5 GeV/c

• 𝜇/𝜋 suppression ~1/40 for to 0.5-1.5 GeV/c

Sketch
and 
key 
elements

Requirements:

Talk by A.Barnyakov, 16/01 17:30

Test beam results: π/K up to 8.5 GeV/c & µ/π up to 1.7 GeV/c



PID: ASHIPH Renaissance
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Talk by I.Ovtin, 16/01 10:00

ASHIPH-SiPM for the SCTF (Sarov)
ASHIPH-SiPM for SPD-NICA (Dubna)

Aerogel: 8cm+8cm & n=1.02

• 𝑁𝑝𝑒
Σ (𝛽 = 1) ≈ 16

• 128 counters 47х20х8 cm3 in 2 layersvin 2 endcaps

• WLS – BBQ 470х14х3 mm3

• (4)х5х128 =2560 SiPMs 6х6 mm2

𝜋/𝐾– separation: 

• ≥ 4𝜎 – 0.7÷2.5 GeV/c (thresh. ~3pe)

+proposals for SND@VEPP-2000, VEPP-6



Simulation/reconstruction framework
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Aurora Framefork

Release 2.1.0

Event generators

Geometry, digitization, reconstruction 
(with options)

Fast simulation

Instrumentation (visualization, tests,..)

Talk by A.Sukharev, 16/01 16:30



Fast simulation
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A paper with a description of our 
model for fast simulation was 
published in a journal
“Computing and Software for Big 
Science” (2024)

𝑀𝑖𝑛𝑣(𝐾
−𝜋+) in 𝐷0 → 𝐾−𝜋+



Related projects at BINP
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The future research program at BINP is being discussed. 

• SCTF R&D is important part of BINP research program.
• It motivates/tied to other research projects at BINP 



Under consideration: CW at VEPP-4M
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VEPP-4M VEPP-4CW

KEDR
Partial CW

е+е+ е-е-

There is proposal to make a test of CW at VEPP-4M

What can be tested: final focus elements, nonlinear beam 
dynamics, beam-beam effects, backgrounds,…

Beneficial for all future collider projects

VEPP-4M straight section is modified. 
Electrostatic separation of colliding beams. 

Talk by E.Levichev, 16/01 11:25
Talk by S.Sinyatkin, 16/01 14:30



Under consideration: VEPP-6
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 𝑒+𝑒− collider

o Beam energy from <0.5 to 1.6 GeV (𝐽/𝜓) (2.0 GeV)

o Luminosity ℒ ≈ 103𝟒 c𝑚−2c−1 @ 1.6 GeV

 General purpose detector

o Tracking 

o Calorimetry 

o Particle ID

 Physics 

o 𝐽/𝜓 decays

o Baryon thresholds

o Measurement of R

o …

500 МэВ: 131032 c𝑚−2c−1

 1  DAPHNE
1000 МэВ: 121033 c𝑚−2c−1

 10  VEPP-2000
1550 МэВ: 0.511034 c𝑚−2c−1

 30  BEPCII

Full-scale test of Crab-waist final focus!

Complementary to SCTF

Preliminary sketch 

Talk by E.Levichev, 16/01 11:25
Talk by A.Bogomyagkov, 16/01 11:50



Synergy between SCTF and other projects
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Linac development
Common infrastructure

CW studies
Detector technologies

Software

SCTF

STCF

Collider 
projects
@BINP

Gamma 
source 

@NCPM

SPD@JINR Projects are deeply related

Detector technologies
(FARICH, magnet)

Software



Summary
 There is rich physics program of experiments at Super c-tau factory

 There is wide program of R&D studies realized by collaboration of BINP and 
other institutions

Moving towards technical design

 Close collaboration with STCF would be mutually beneficial!
 Detector technologies

 Common working group for feasibility studies?

 Participation of STCF organizations in BINP collider projects

 ...and many more potential areas of collaboration
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