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Motivation
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The global strategy for the particle 
physics

Energy 
frontier

Intensity 
frontier

Cosmic 
frontier

ÁLarge Hadron Collider

ÁDark matter
ÁCosmic rays
ÁSpace-based 

experiments

ÁColliders-Factories
Á Intensive beams
ÁNeutrinos
ÁRare and precision 

experiments

After the discoveryof Higgsboson,
the particle physicsis focusedon
the deep understanding of the
predictionsof the StandardModel
and on the searchof phenomena
beyondSM

Thereare
manyroadsΧ

Search for the new particles

Precision study of properties 
of known particles
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Colliders-Factories

Ἣ-factories Ἄ-factories Ἠ- and ἒ-factories

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

Super ╬Ⱳfactory
SCTF (Russia), STCF (China)

Super KEK-B (Japan)
LHCb(CERN)

FCC-ee(CERN) 
CEPC (China)

Ὡ, ’, ό, Ὠ ί, ‘ Ὄὧ† ὸὤὡὦ
Mass, GeV

0 0.1 1 2 3 4 80 100 120 160 180
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Energy ranges of high luminosity colliders (factories) correspond to production thresholds of known particles.

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



Generations of colliders-factories
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Super-colliders

first data

flagship machine 
(100 km)

planned

Super ὧ†
Å There is balance/synergy between existing 
ὧ†-factory (BES-III)andὄ-factories(BABAR, 
BELLE, LHCb)

Å New generation ὄ-factories started data 
taking (BELLE-2, LHCb)

Å To keep balance, there is place for the new 
generation ὧ†-factory

Super ὧ†-factory is the natural part of the 
global particle physics 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: 50ab-1

Super C-tau factory: ~10 ab-1

x10-60

x50

x100



Super ὧ†factory and ὄfactories
The experiments at Super
charm-tau factory are
complementto experimentsat
Super KEK-B and LHCb,with
uniquepossibilities:

ÅThreshold production of 
particles

ÅPair production 

ÅQuantum correlations in ὈὈ
production

ÅLow multiplicity, full 
reconstruction of decay chain

ÅPolarization of electron beam
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Super charm-tau factory

General purpose 
detector

5 m

CDR
sct.inp.nsk.suü Super charm-tau factory is ὩὩ 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 (1.0) to 3.5 GeV

o Luminosity fl ρπÃά Ã ͽς'Å6

o Longitudinally polarized electron beam

ü Experiments will be conducted using state-of-

the-art general purpose detector

o Tracking (including low ὴ)

o Calorimetry (high resolution, fast, “Ⱦ‎sep.)

o Particle ID (ϳ‘ ϳ“ ϳὑὴup to 1.5 GeV/c)
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1.5 ς3.5 GeV e-e+

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


Physics program
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SCTF energy range
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A one-year dataset

ςὉ, ἑἭἤ Events recorded

σȢρ ρπρςὐȾ‪

σȢφω ρπρρ‪ςὛ

σȢχχ ρπὈὈ

τȢρχ ρπὈὈ

σȢυυ τȢσ ρπρπ††

τȢφυ ρπψɤɤ

fl ρπÃÍί

ɧ

ὐȾ‪ ‪ςὛ

‪σχχπ

‪τπτπ
‪τρφπ

ɤ
Ὀ† Ὀ

‪ττρυ

Ὑḳ
„ὩὩ ᴼÈÁÄÒÏÎÓ

„ ὩὩ ᴼ‘‘

Threshold production of nonrelativistic particles provides best 
conditions for their comprehensive study

ɤ ɧɫ
ɱ

ὣτςσπ

ɧ



V Measurement of absolute 
branching fractions

V Searches for rare and forbidden 
decays of the charm quark

V ὅὖviolation in charm
V Measurement of the strong phases 

of Ὀdecay amplitudes
V Χ

V Precision measurement of the †
lepton properties

V Michel parameters, tests of lepton 
universality

V Precision measurement of hadronic †
decays

V Search for ὅὖand T violation in †
decays

V Χ

Overview of 
SCTF physics 
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charm

tau

QCD V Physics of highly-excited 
quarkonium

V Molecular states
V Baryon interaction at threshold
V Search for glueballs in decays of 
ὐȾ‪and‪ςὛ

V Χ

Input for ὄmeson studies at LHCὦ
and Belle II

Test of the 
electroweak 

sector of the SM

QCD, ‌, ὠ . Test of the 
electroweak model, searches for 

non-standard contributions



Ὀ ᴼ†’ȟ† ᴼὩ’ Ӷ’

[Belle, JHEP 09 (2013), 139]

ωρσ̂̕

[CLEO-c, PRD 79 (2009), 052002]

πȢφ̕ ̂

(Semi-)leptonic Ὀ decays

ὫὪὠ

ɜὈ ᴼὰ’
Ὃ

ψ“
Ὢά ά ρ

ά

ά
ὠ
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üBranchingsmeasurement: Ὢ, ὠ , ὠ

ü Lepton universality test
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Detailed study of the charmonium-like 
states

üExiting QCD laboratory

üCross sections to be measured:

o ὩὩ ᴼὐȾ‪““

o ὩὩ ᴼὐȾ‪““

o ὩὩ ᴼ‪ςὛ““

o ὩὩ ᴼὈὈȟὈᶻὈΣ Χ

o ὩὩ ᴼὈὈ‎

o ὩὩ ᴼὈὈὲ“

o ὩὩ ᴼὈ Ὀ

o ὩὩ ᴼὈ Ὀ ὲ“

o ὩὩ ᴼɤɤ

o Χ
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Y(4260)
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JPC

y2(3820)

S=1S=1
S=0S=0

Zc(4020)+

Zc(3900)+

DD

_

Z(4200)+

Y(4008)

ʍ(4630)

X(4274)

X(4140)

X(4700)

X(4500)
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Detailed study of the charmonium-like 
states

üExiting QCD laboratory

üCross sections to be measured:

o ὩὩ ᴼὐȾ‪““

o ὩὩ ᴼὐȾ‪““

o ὩὩ ᴼ‪ςὛ““

o ὩὩ ᴼὈὈȟὈᶻὈΣ Χ

o ὩὩ ᴼὈὈ‎

o ὩὩ ᴼὈὈὲ“

o ὩὩ ᴼὈ Ὀ

o ὩὩ ᴼὈ Ὀ ὲ“

o ὩὩ ᴼɤɤ

o Χ
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10 years vs.0.1 yearvs. 1 day at SCT
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CPV in charm
üMeasurement of CP asymmetries in decays of Ὀ , Ὀ , 
Ὀ at the precision level of Ḑρπ

o Advantage of full event reconstruction

o CoherentὈὈ pairs
CF DCS

SCS SCS

ɝὃ ρυȢτ ςȢω ρπ

Ὀ ᴼὬὬ 2019

CLEOc πȢψρψÆÂ ͽσχχτ-Å6[PRD 81, 052013 (2010)]
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CPV in charm
üThe only experiment able to observe CP-
asymmetry in Ὀ-mesons decays at the level of 
ρπײַ simultaneously in many final states, 
including states with neutrals
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Leptonic†decays

üSCT with polarized electrons allows measurement the tau lepton Michel 

parameters with precision better then that of Belle II
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[Epifanov, Phys. Atom. Nucl. 83 (2020) 944]

Tau polarization
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LFVandCPV with tau

üAllowed in several BSM scenario, includingSUSY,
leptoquarks, technicolor, extended Higgs models etc.

üַײρπ ςreachable upper limit at SCT for the 
branching of†O ‘‎. 
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ISR photon background[arXiv:1206.1909 [hep-ex]]†O ‘‎

ὅὖsymmetry breaking
üCPV in tau production

ὐ ᶿὊ‎
Ὥ

ςά
Ὂ ‎Ὂ „ ή

o Current limit: Ὠ Ṃρπ ὩẗÃÍ

o Tau EDM with polarized electrons[PRD 51 (1995) 5996]: 

„Ὠ ͯρπ Ὡẗ̒ ̍

üCPV in tau decays (e.g.,†O ὑ“’)

Beam polarization is essential 
for these measurements
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https://doi.org/10.1103/PhysRevD.51.5996


SCT

ὐȾ‪cross section asymmetry
üInterference between the ὩὩ ᴼ‎ᶻȟὤᴼὐȾ‪processes produces left-right 
total cross section asymmetry

ὃ ḳ
„ „

„ „

σȾψ ÓÉÎ—

ςÓÉÎ— ρ ÓÉÎ—

άȾ

ά
ὖ τȢχ ρπὖ

o „ („) is the total ὩὩ ᴼὐȾ‪cross section for right- (left-)handed electrons

o ὖ is the average electrons polarization, ὖ ρ

üStatistical precision with a one-year data set:

„ÓÉÎ—

ÓÉÎ—
πȢσϷȟ „ÓÉÎ— υ ρπ

üIt tests weak interaction of the charm quark

üAn opportunity to observe deviation of the ÓÉÎ— from its value at ὤpeak

(test of the EW model)

JHEP 2020, 76 (2020)
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https://doi.org/10.1007/JHEP03(2020)076
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Physics program: 2022 update
ü 2021: τπpages

ü 2022: ρςπpages

ü In Russian

ü Editors:

o G.Pakhlova(LPI)

o A.Bondar(BINP)

Shorter (extracted) version 

prepared as a white paper for 

Snowmass
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Collider
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Super charm-tau factory

General purpose 
detector

5 m

CDR
sct.inp.nsk.suü Super charm-tau factory is ὩὩ 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 (1.0) to 3.5 GeV

o Luminosity fl ρπÃά Ã ͽς'Å6

o Longitudinally polarized electron beam

ü Experiments will be conducted using state-of-

the-art general purpose detector

o Tracking (including low ὴ)

o Calorimetry (high resolution, fast, “Ⱦ‎sep.)

o Particle ID (ϳ‘ ϳ“ ϳὑὴup to 1.5 GeV/c)
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1.5 ς3.5 GeV e-e+

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



Lattice and layout (2021)
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Design parameters (2021)
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ÅDesign parameters 
meet the luminosity 
requirements

ÅSimilar parameters 
have been achieved 
at other colliders

ÅDynamic aperture 
was not taken into 
account

The key problem now 
is to find configuration 
with sufficient 
dynamic aperture



To remind: Crab waist(P.Raimondi2006)
Large Piwinskiangle: ‰ ÔÁÎ

1. Transverse beam separation in parasitic IPs
Å distance between bunches is not limited by 

beam-beam

2. Interaction area lengthὒḺ„
Å ‍ᶻ ὒḺ„ no hour-glass

3. CRAB waist (CRAB sextupoles) suppresses betatron
and synchro-betatron resonances
Å ‚ḐπȢς

But CRAB sextupolesintroduce large nonlinearity, 
which reduces dynamic aperture, for off-
momentum particles
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CRAB sextupoleinfluence on 6d DA, 
E=1.5 ˥ Ήˤ, IP1

Ὁ ρȢυ
GeV

CRAB
0%

CRAB
25%

CRAB
50%

CRAB
100%

ὔ , 

ρπ

ω τ ρȢφ πȢφ

† (s) 265 255 240 230

ὒὧά ί
ρπ

ωȢω υȢτ ρȢς πȢρω
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άLƴǘŜǊŀŎǘƛƻƴ ǊŜƎƛƻƴ мέ ŎƻƴŦƛƎǳǊŀǘƛƻƴ

Å Off momentum dynamic aperture with CRAB ON 
is insufficient at 1.5-2.5 GeV to provide necessary 
Touscheklifetime
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Touscheklifetime with CRAB ON and OFF 
at 2 GeV, IP3

27

άLƴǘŜǊŀŎǘƛƻƴ ǊŜƎƛƻƴ оέ ŎƻƴŦƛƎǳǊŀǘƛƻƴ

Å Placing CRAB sextupolescloser to IP gives 
larger energy aperture

Å But still not sufficient for Touscheklifetime 
at 1.5, 2 GeV with CRAB sextupole100%
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CRAB OFFCRAB ON

† ί χτπ ρπψ

ὔ ρπ ςȢχ ςȢχ



Detector
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Detector concept
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Momentum resolution ϳ„ ὴ πȢτϷat 1 GeV 

Very symmetric and hermetic 

Able to detect soft tracks (ὴ υπὓὩὠȾὧ
Inner tracker should be able to handle ρπtracks/cm2s

Very good particle identification: ϳὩ ϳ‘ ϳ“ὑ
ϳ“ὑin the whole energy range, e.g. for ὈὈmixing
ϳ‘“up to 1.5 GeV, e.g. for †O ‘‎search
ὨὉȾὨὼbetter than 7%

Able to detect ‎from 10 MeV to 3.5 GeV, good “Ⱦ‎
separation

Calorimeter energy resolution ϳ„ Ὁ ρȢψϷat 1 GeV
Calorimeter time resolution „ ρns

9ŦŦƛŎƛŜƴǘ άǎƻŦǘέ ǘǊƛƎƎŜǊ

Ability to operate at high luminosity, up to 300 kHz at ϳὐ‪



.ǊƻǘƘŜǊǎΣ ǎƛǎǘŜǊǎ ŀƴŘ ŎƻǳǎƛƴǎΧ 
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BELLE-2BES-3

BELLE BaBar

LHCb

Very similar
1% luminosity

Super B-factory (10.58 GeV)
5-10x luminosity

pp collisions

Previous generation

CLEO-c



On-going R&Ds for detector
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üInner tracker
o Time projection chamber (TPC) option by BINP
o Cylindrical ‘RWELL option by INFN (LNF, Ferrara)*

üMain tracker
o Drift chamber option by BINP
o Ultra thin DC (TraPID) option by INFN (Lecce, Bari)*

üPID system
o FARICH option by BINP
o FDIRC options by Giessen University*

üElectromagnetic calorimeter ςBINP

üMuon system ςLebedev Physics Institute (LPI)

üMagnet ςBINP

üDetector software ςthe AURORA framework released in 2021

* Before spring 2022



Inner radius 3 cmOuter radius 20 cm

-30 cm < Z < 30 cm

Beam pipe, inner radius 1.5 cm

Inner Tracker: TPC
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TPC advantages:
Å Highest number of 

hits per track
Å Great dE/dx 

measurement
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Inner Tracker: simulations and 
prototyping
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Simulation of spatial resolution in TPC

The prototype is being built at BINP



Inner Tracker: C-mRWELL
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The c-‘RWELL option for IT was proposed by G.Bencivenni(INFN)



Drift chamber
Measurement of momentum and dE/dx (PID)

ÅSpatial resolution ~100 ‘

ÅSmall cell

ÅMinimal material (reduce MS)

ÅApproximate size: q (400-1600) x 1800 mm
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ά¢ǊŀŘƛǘƛƻƴŀƭέ ƻǇǘƛƻƴά.ŜȅƻƴŘ-ǘǊŀŘƛǘƛƻƴŀƭέ ƻǇǘƛƻƴ

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

Axial and stereo superlayers Fullstereo

Traditional dE/dx dE/dx by cluster counting

Feed-throughwiring Robotic wiring

INFNBINP



5ǊƛŦǘ ŎƘŀƳōŜǊΥ άǘǊŀŘƛǘƛƻƴŀƭέ ƻǇǘƛƻƴ 
(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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πȢςρϷ ὴ πȢσρϷ

0.4% at 1 GeV

ϳ

ϳ
φȢωϷ I.Yu.Basoket al., NIM A1009 (2021) 165490



Drift chamber: TraPidoption (INFN)
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~141000 wires
23k sensitive, W

117k field, Al  (O C)

Square cell, 7.2-9.1 mm

Full stereo

64 layers

90% He + 10% iC4H10

πȢπχψϷ ὴ πȢρψϷ

0.2% at 1 GeV

ϳ

ϳ
σȢφϷ

Measurement of 
individual 
clusters 
improves time 
and dE/dx 
resolution 



MEG-2 drift chamber

Ivan Logashenko (BINP) PHIPSI'2022. STATUS OF SUPER CHARM-TAU FACTORY PROJECT. 38



Magnetron coating of wire
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Technology for magnetron coating of thin wires  (up to 40 ‘m) has been developed at BINP.



Magnetron coating of wire
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Technology for magnetron coating of thin wires  (up to 40 ‘m) has been developed at BINP.

Nickel 20 nm
Silver 60-70 nm 

Very good vetting 

Mechanical properties tests of 
coated 40-micron wires

~20 nm of Nickel & ~60 nm of Silver , Young's 
modulus and fluidity limit have not changed

~20 nm of Nickel & ~90 nm of 
Silver   ςυπ0 ˿  of hitting



Cluster counting
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Counting number of ionization clusters (rather that deposited energy) can improve ϳὨὉὨὼresolution up to x2!



Cluster counting ςsimulations
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Cluster counting - test beam at CERN
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