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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



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



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



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/
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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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Energy range of SCTF

 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
 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

 …

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
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

UFN paper is in preparation
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https://ctd.inp.nsk.su/c-tau/


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 at a part of NCPM 

scientific program (2023-2025). 

 SCTF R&D program is realized by 

informal collaboration of Russian 

institutions.



R&D program 
of Super c-tau factory
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Collider studies 
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Achievements (in simulations):

• Optics for all collider elements (final focus,
arcs, Siberian snakes, injector,…)

• Optimization of linear and nonlinear
structure of collider allowed to reach (with
Touschek effect taken into account) beam
lifetime, which matches the capacity of the
injector

• Positions of CRAB sextupoles are optimized
to increase dynamic aperture

• Detailed conceptual project of final focus

Crab waist collision scheme (P.Raimondi 2006)

Critical for all future collider projects

Major problem: dynamic aperture (phase space of
stable motion) is reduced due to nonlinear elements



Collider studies 
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Dynamic 
aperture



Collider 
parameters 
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Final focus
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Concept design of SC FF lens
Direct Double Helical (DDH) technology
2 concentric coil at 2 cylinders

Prototypes of the elements of 
final focus

First measurements: 2023



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

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



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

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

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

 20  BEPCII

Full-scale test of Crab-waist final focus!

Complementary to SCTF



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



Simulation framework
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Aurora Framefork

Release 2.1.0 (December 2022):

Event generators

Geometry, digitization, reconstruction

Parametric simulation

Instrumentation (visualization, tests,..)



Inner tracker options
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Compact TPC:

 Large number of hits per track

 Reliable dE/dx measurement

Length – 60 cm

Diameter – 40 cm

5-6 ms electron drift time

Effective track reconstruction at 

high background rate must be 

proven 

Cylindrical mRWELL:

Modular roof-tile 

detector

4 layers

Length 60 cm

Diameter 10-40 cm

Flexible RWELL + 

readout PCB



Inner tracker: TPC options
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Gas volume with HV divider

TPC prototype is under 
development

2023
• Construction
2024
• Production
• Full simulation package

Dependence of spatial resolution on 

RO structure pixel size 



Drift chamber: BINP option
~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

≈ 0.21%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

Belle-2

BES-III



Drift chamber: prototyping
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Small prototype
7 cells

In operation

Large prototype (under construction) – 156 cells

+ state-of-art simulation of cluster counting readout mode



Calorimeter: pCsI option
7424 crystals, 16/18 X0

5248 in barrel

2176 in endcap

5.5  x 5.5 x 30(34) cm

Basic element:

pCsI crystal +

WLS +

4 APD
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This option is being prototyped and optimized

𝜎𝐸
𝐸

≈
1.9%

4 𝐸(𝐺𝑒𝑉)
⊕

0.33%

𝐸
⊕

0.11%

𝐸

TBeam June 2023 at the BINP:

CBS gammas were used for energy resolution 
calibration:

Two laser modes:
527 nm & 1064 nm

Five beam energies: 
1.9, 2.5, 4.5, 4.75 GeV

Eight CBS edges for calibration: 
64, 111, 225, 361, 402, 441, 730, 812 MeV



PID
Requirements for PID system

𝜋/𝐾 separation > 4𝜎 up to 2.5-3.5 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, FDIRC 

Simulations, studies with prototypes using 
test beams
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Summary
 There is rich physics program of experiments at Super c-tau factory

 Super c-tau factory is deeply integrated in the global landscape of particle 
physics

 The conceptual design is ready and is regularly updated 

There is wide program of R&D studies realized by collaboration of BINP, 
VNIIEF (NCPM) and other institutions

Moving towards technical design
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