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Overview

• Physics program

• Collider and detector concept

• Project status
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What is Super Charm-tau factory?

• 𝑒+𝑒− collider, 2𝐸 = 2 ÷ 6 GeV

• Study of charmed hadrons and 𝜏

• 1035  1 𝑐𝑚2𝑠 luminosity

• Crab-waist collisions
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𝑒+ source

𝑒− source
LINAC

Detector



Brothers, sisters and cousins… 
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BELLE-2BES-3

BELLE BaBar

LHCb

Very similar

1% luminosity

B-factory (10.58 GeV)

5-10x luminosity

pp collisions

CLEO-c
Previous 

generation:



Physics program
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Authors of CDR
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19 institutions (10 from Russia)



Energy range
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1012 𝐽/𝜓

1011 𝜓(2𝑆)

𝐷

108 𝐷𝑠 𝐷𝑠1010 𝜏𝜏

Λ𝑐 Ξ𝑐𝐽/𝜓

109 𝐷 𝐷

𝐷𝑠𝜏

108 Λ𝑐
+Λ𝑐

−1 year at 

1035 1/𝑐𝑚2𝑠



Key features of SCTF
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Pair production of 𝐷, Λ and 𝜏
Double tagging, measurement of 
absolute branching ratios

Coherent production of 𝐷0𝐷0

D mesons mixing, measurement 
of parameters (strong phases 
etc.), important for data analysis 
at B-factories

Low multiplicity
Twice lower compared to Belle-2, 
much smaller compared to LHCb

Threshold production
Threshold kinematics, 
background suppression, e.g. in 
𝜏 → 𝜇𝛾

Longitudinal polarization of 
electron beam 
𝜏 decays (Michel parameters), 
CP-violation

The same (and larger) statistics of D mesons and 𝜏 leptons are/will be 

available at Belle-2 and LHCb. In many cases the systematic precision 

(and hence the overall precision) will be better at SCTF due to the 

following key features. 

Physics programs of Super 𝑐𝜏-factory and B-factories complement 

each other.



𝜏 production
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ALEPH 3.3 ⋅ 105

BELLE/

BABAR
1.4 ⋅ 109

BELLE-2 4.6 ⋅ 1010

SCTF 2.1 ⋅ 1010

108 at threshold

𝜏 data sample

• single tagging

• measure background 

below threshold

• no heavy quark 

background

A.Pich@ORSAY’18
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Measurement of 

Michel 

parameters

Test of LFU 

in 𝜏 decays
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SCTF
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Measurement of absolute branching ratios of 𝐷, Λ𝑐,…

Using double tag technique, absolute branching ratios can be measured at SCTF

R.Mitchell@ORSAY’18
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Leptonic decays of 𝐷
R.Mitchell@ORSAY’18



Search for FCNC process: 𝑒+𝑒− → 𝐷∗0
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Estimated sensitivity:

𝐵𝐷∗→𝑒+𝑒− ≥
4 × 10−10

𝜀∫ 𝐿𝑑𝑡 𝑝𝑏−1
×

𝜎2𝐸
Γ𝐷∗ 60 𝑘𝑒𝑉

Standard Model:

𝐵𝐷∗→𝑒+𝑒− ≈ 0.1 ÷ 7 × 10−19

Example of New Physics contribution:

𝐵𝐷∗→𝑒+𝑒−
𝑍′ < 2.5 × 10−11

In 2017 CMD-3 collected 4 𝑝𝑏−1 at 2007 MeV with 𝜎2𝐸 ≈ 2 MeV

JHEP 1511 (2015) 142 and talk by Alexey Petrov (WSU) at ICHEP’16



Charm mixing
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𝑅𝑀 =  𝑥2 + 𝑦2 2 , 𝑟𝑓𝑒
−𝛿𝑓 = − 𝑓|𝐷0 𝑓|𝐷0 , 𝑧𝑓 = 2 cos 𝛿𝑓 , 𝑤𝑓 = 2 sin 𝛿𝑓



Time-independent analysis
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𝑓 – CF/DCF 

(e.g. 𝐾−𝜋+)

𝑙 – semileptonic

(e.g. 𝐾−𝑒+𝜈)

𝑆± – CP-even/odd 

(e.g. 𝐾+𝐾−) 

Due to quantum correlations, the time-integrated decay rates are sensitive to 

the interference (mixing parameters)

SCTF is competitive with Belle-2 and LHCb in measurement of charm mixing

PRD73 (2006) 034024



𝐷0 → 𝐾𝑠
0𝜋+𝜋−
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𝐽/𝜓 – factory of light hadrons

• 1012 𝐽/𝜓 will be produced at SCTF. 𝐽/𝜓 decays to u,d,s

quarks

 𝐽 𝜓 → 𝛾∗ → ℎ𝑎𝑑𝑟𝑜𝑛𝑠, → 3𝑔, → 𝛾𝑔𝑔

• Using various decay modes, one can study states with 

practically any quantum numbers. 

• BES-3 performing analysis, based on the 109 𝐽/𝜓
decays. New states are observed. 

• There are predictions for exotic light hadrons (glueballs, 

hybrids)

• The comprehensive analysis of many final states is 

required
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Simulation and analysis software

The full scale simulation of experiments at SCTF is rapidly 

developed

Aurora framework

• widely used HEP tools 

(ROOT, Geant4, …)

• Gaudi and Athena-inspired 

build and config system

• FCCSW (DD4Hep, PODIO,…)

• SCTF modules
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Brief history of 𝑐𝜏-factories

• 1993, Dubna JINR (𝐸𝑐𝑚 = 2 GeV, 𝐿 = 9.4 × 1032 cm−2s−1)

• 1994, Argonne National Laboratory (𝐸𝑐𝑚 = 3 − 5 GeV, 𝐿 =
1033 cm−2s−1)

• 1995, BINP, round beams (𝐸𝑐𝑚 = 2 − 4.2 GeV, 𝐿 =
1033 cm−2s−1)

• 1996, Spain & France (𝐸𝑐𝑚 = 4 GeV, 𝐿 = 1033 cm−2s−1)

• 1997, Beijing IHEP (𝐸𝑐𝑚 = 2.0 − 4.2 GeV, 𝐿 =
1033 cm−2s−1)

• 2006: Crab waist collision scheme (P.Raimondi): 

1033 → 1035
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The only one running



Collider conceptual design (2011)
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At the location
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Basic parameters (2011)

IP: y=0.8 mm,   x=40 mm
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Updated conceptual design (2018)
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IP

475 m (was 813 m) 

ss ss

wg wg

ss

OLD

NEW

The project continued to evolve. 

2018: smaller ring, more robust and realistic 

design

1 GeV 2 GeV 3 GeV

Π [м] 475.768

2𝜃
[мрад]

60

𝑁𝑝𝑎𝑟𝑡
[1010]

5.5 (2.1) 5.2 13 (7)

𝑁𝑏𝑢𝑛𝑐ℎ 400

(500)

420 280 

(150)

𝐼 [А] 2.2 (1) 2.2 2

𝛽𝑥
∗/𝛽𝑦

∗

[см]

5/0.05

𝜀𝑥 [нм] 20 (15) 6.5 11

𝜀𝑦/𝜀𝑥 [%] 0.5 0.5 0.5

ℒ [1035] 0.5 (0.14) 1 1.9 (1)

𝑉𝑅𝐹 [МВ] 1 0.7 2



Detector requirements

• Good energy and momentum resolution, high efficiency

• High efficiency of soft track detection

• e.g. in 𝐷∗ or Λ decays

• Few mm vertexing

• 𝑐𝜏 𝐾𝑠 = 27 mm, 𝑐𝜏 Λ =79 mm

• 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 1.2 GeV, e.g. for 𝜏 → 𝜇𝛾 search

• Efficient “soft” trigger

• Ability to operate at high luminosity

• up to 300 kHz at  𝐽 𝜓
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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



Inner tracker

• Resolution similar to 

drift chamber 

(~100 𝜇)

• Sensitive to particles 

with low momentum 

(~50 MeV/c)

• Compatible with final 

focus constraints

• Able to handle high 

particle flux

• Approximate size: 

Ø (40-400) x 600 mm 
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Simulation of π+ momentum distribution 

in e+e- ⟶ DD* (V. Vorobyev) 



Inner tracker and the final focus
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Inner tracker have to be interfaced with the final focus magnets



4-layer Si-strip 4-layer CGEM 

(cylindrical GEM)

Time Projection 

Chamber (TPC)

Inner tracker technologies

• Three options are being considered

• Other interesting technology - 𝜇RWELL

Building endcap coordinate plates and cylindrical Z-chamber for 

CMD-3 detector using this technology
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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 Feed-through-less wiring



Drift chamber: traditional 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

• 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%



Drift chamber: beyond traditional option
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• ~141000 wires

• 23k sensitive, W

• 117k field, Al

• 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  𝑑𝐸 𝑑𝑥

 𝑑𝐸 𝑑𝑥
≈ 3.6% With room for

improvement!

Measurement of 

individual clusters 

improves time 

and dE/dx 

resolution 

Robotic wiring



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 
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PID options
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FARICH: focusing aerogel

O(106) readout channels!

Test beam:

𝜋/𝐾: 7.6𝜎 at 4 GeV/c

𝜇/𝜋: 5.3𝜎 at 1 GeV/c

ASHIPH: threshold Cherenkov 

counter with WLS+PMT readout

Two n values

Low cost: 

30000 readout channels

𝜋/𝐾 from 0.5 to 2 GeV/c

𝜇/𝜋 from 0.4 to 0.9 GeV/c

dE/dx + TOF for lower momenta, 

muon system for higher momenta

TOF (TOP) counters, 𝜎𝑡 ≈ 30 ps: 

𝜋/𝐾 up to 2.5 GeV/c

𝜇/𝜋 from 0.25 to 0.5 GeV/c 



Calorimeter

Baseline: 

BELLE/BELLE-2-like electromagnetic crystal calorimeter

Scintillator:

CsI(Tl) has large light yeild, “cheap”, very popular – but slow

LSO, LYSO, etc. – have large LY, very fast – but very expensive 

(x10)

pure CsI – good compromise: reasonable LY, 30 ns component, 

reasonable price

Other options being considered:

LXe calorimeter, combined LXe + pCsI calorimeter (CMD-3: LXe+CsI(Tl))
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Calorimeter: pCsI option

• 7424 crystals 

5248 in barrel

2176 in endcap

• 5.5  x 5.5 x 30(34) cm

• pCsI+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



Magnet

Logashenko Ivan SCTF project at Novosibirsk 38

Two options considered:

• Outside calorimeter

• “thick” design

• Al-stabilized coil, established 
technology

• Similar to PANDA magnet

• Baseline option

• Just outside drift chamber

• “thin” design, 0.1 X0!

• CMD-3 and KEDR 
experience

Al strips of high purity

Carbon fibre plastic SC wire

Insulator

1.0 or 1.5 T



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



DAQ and data analysis/storage
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Requirements

Maximum input data rate:

10 GB/s

Total storage system 

capacitance

~300 Pbytes

Computing power

~1 Pflops

Output buffer

HLT

Event Builder

FLT

Detector

Information 

system (DB)

Main raw 

data flow 

Internal data 

migration

Internal 

connections

DAQ components
External 

users
BINP users

Buffer

Disk 

storage

Long-term storage 

(tapes)

Virtualized computing 

center

Simulation, Reconstruction, 

Data analysis

External 

gateway

Internal 

gateway

Online

Offline

40

Event size 30-50 kB

Rate up to 300 kHz



Status of project

• 2011: selected as one of six mega-science projects to be 

built in Russia

• There are roadmap, conceptual design, preliminary civil 

engineering design

• CERN, IHEP, INFN, KEK and other organizations 

expressed their interest in the project

• In 2017 included in the plan for the implementation of the 

first phase of the Russian Strategy for Science and 

Technology Development. 2019: expected to submit 

updated CDR to government

• Submitted proposal to the Update of the European 

Strategy for Particle Physics
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Building the collaboration

• International advisory 
committee

• Dedicated international 
workshops

• May 2018, BINP

• December 2018, Orsay

• November 2019, Moscow

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



Conclusion

• Super Charm-tau factory has rich physics program in 

flavor physics 

• SCTF is complementary to Belle-2 and LHCb

• There are conceptual designs of the collider and the 

detector and they continue to be improved and detailed.

• There are working groups for most (all) subsystems

We hope to interest some of you to join the collaboration!
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