
Super charm-tau factory in Russia
Vitaly Vorobyev, BINP

for the SCT Team

10th International Workshop on Charm Physics, Mexico, June 1st, 2021



The SCT experiment

2

➢ Precision experiments with tau lepton and 

charmed hadrons, and search for BSM 

phenomena

➢ Electron-positron collider

o Beam energy varying between 1.5 and 3.5 GeV

o Luminosity ℒ = 1035 cm−2s−1 @ 2 GeV

o Longitudinal polarization of the 𝑒− beams

➢ Universal particle detector

o Tracking system

o Crystal electromagnetic calorimeter

o Particle identification system
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5 м

Conceptual design available
ctd.inp.nsk.su

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


SCT Collider parameters
(2021 update)

E(MeV) 1500 2000 2500 3000 3500
Π(m) 632.94
𝐹𝑅𝐹(MHz) 350
q 740
2𝜃(mrad) 60

𝜺𝒚/𝜺𝒙(%) 0.5

𝛽𝑥
∗(mm) 100

𝛽𝑦
∗(mm) 1

𝛼 2.2 × 10−𝟑

I(A) 2 2 2 2 2

𝑁𝑒/𝑏𝑢𝑛𝑐ℎ × 1010 9 8 8 9 10

𝑁𝑏 292 328 328 292 262
𝑈0(keV) 21 67 164 340 629
𝑉𝑅𝐹(kV) 1600 2000 2000 2000 3400
𝜈𝑠 0.0164 0.016 0.0142 0.013 0.0155
𝛿𝑅𝐹(%) 2 1.9 1.7 0.014 1.6
𝜎𝑒 × 103 (SR/IBS) 0.28/1 0.4/0.7 0.47/0.62 0.57/0.61 0.66/0.68
𝜎𝑠(mm)        (SR/IBS) 4/13 5/10 7/9.4 9.5/10.2 9.2/9.4
𝜀𝑥(nm)         (SR/IBS) 3/21 4.7/12.7 7.4/10.5 10.6/11.6 14.5/14.8
𝐿𝐻𝐺 × 1035 𝑐𝑚−2𝑠−1 0.5 0.8 1 1 1
𝜉𝑥 0.008 0.009 0.009 0.007 0.008

𝜉𝑦 0.11 0.12 0.11 0.092 0.084

𝜏𝐓𝐨𝐮𝐬𝐜𝐡𝐞𝐤 (s) 3600 2900 2400 2600 6400
𝜏𝐿 (s) 3100 1900 1600 1700 1600

➢ Optimization of the dynamic 

aperture at low energy is being 

continued
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The SCT detector concept

Inner tracker

Drift chamber

PID system

Beam tube

Muon system and yoke

Calorimeter

Superconducting magnet

5 m

➢ Momentum resolution 0.5%@ 1 GeV

➢ Solid angle coverage of 95%

➢ Track reconstruction from 𝑝𝑡 ≈ 50 MeV

➢ Excellent 𝜇/𝜋/𝐾/𝑝 separation up to 1.5 GeV

o 𝑑𝐸/𝑑𝑥 in the tracking system

o Cherenkov radiation detector

o 𝜇/𝜋 separation!

➢ 𝜋0/𝛾 separation and 𝛾 detection from 10 MeV to 

3000 MeV

o Good energy resolution

o Fast calorimeter (𝜎𝑡 < 1 ns)

➢ DAQ rate 300 kHz @ 𝐽/𝜓
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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 𝐷ഥ𝐷

4.17 108 𝐷𝑠ഥ𝐷𝑠

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−

The SCT energy range
Threshold production of nonrelativistic 

particles provides best conditions for their 
comprehensive study



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
✓ Molecular states
✓ 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



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 ҧ𝑐 → W+s

Absolute branching fractions

𝜏 → 𝜇𝛾𝐷 → invisible

𝑋 3872 → 𝐽/𝜓𝜋𝜋

𝑍𝑐 3900 → 𝐽/𝜓𝜋

Quantum correlated 𝐷0ഥ𝐷0

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



Charmed hadrons
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𝐷𝑠
+ → 𝜏+𝜈, 𝜏+ → 𝑒+𝜈𝑒 ҧ𝜈𝜏

[Belle, JHEP 09 (2013), 139]

913 фб−1

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

0.6 фб−1

(Semi-)leptonic 𝐷 𝑠 decays

𝑔𝑙𝑓𝐷𝑉𝑐𝑑

Γ 𝐷+ → 𝑙𝜈 =
𝐺𝐹
2

8𝜋
𝑓𝐷
2𝑚𝑙

2𝑚𝐷 1 −
𝑚𝑙
2

𝑚𝐷
2 𝑉𝑐𝑑

2
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➢ Measurement of branching fractions : 𝑓𝐷, 𝑉𝑐𝑑, 𝑉𝑐𝑠

➢ Lepton universality test



Detailed study of the charmonium-like states

➢ Exiting QCD laboratory

➢ Cross sections to be measured:

o 𝑒+𝑒− → 𝐽/𝜓𝜋+𝜋−

o 𝑒+𝑒− → 𝐽/𝜓𝜋0𝜋0

o 𝑒+𝑒− → 𝜓 2𝑆 𝜋+𝜋−

o 𝑒+𝑒− → 𝐷ഥ𝐷, 𝐷∗ഥ𝐷, …

o 𝑒+𝑒− → 𝐷ഥ𝐷𝛾

o 𝑒+𝑒− → 𝐷ഥ𝐷 𝑛𝜋

o 𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

−

o 𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

− 𝑛𝜋

o 𝑒+𝑒− → Λ𝑐ഥΛ𝑐

o …

Z(4430)+

Z(4250)+

Z(4050)+

Y(4660)

Y(4360)

Y(4260)

X(3915)X(3872)

X(3940)

X(4160)

JPC

2(3820)

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

Zc(4020)+

Zc(3900)+

DD

_

Z(4200)+

Y(4008)

Х(4630)

X(4274)

X(4140)

X(4700)

X(4500)

X(3860)
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10 years vs. 0.1 year



CPV in charm

➢ Measurement of CP asymmetries in decays of 𝐷0, 
𝐷+, 𝐷𝑠

+ at the precision level of ∼ 10−4

o Advantage of full event reconstruction

o Coherent 𝐷0ഥ𝐷0 pairs CF DCS

SCS SCS

long-distance dynamics is important in charm decays: 
re-scattering leads to the complex connections between 

the worlds of hadrons and quarks [I. Bigi]

Δ𝐴𝐶𝑃 = −15.4 ± 2.9 × 10−4

𝐷0 → ℎ+ℎ− 2019

CLEOc 0.818 fb−1 @ 3774 MeV [PRD 81, 052013 (2010)]
11



Tau lepton
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Friday, June 4



Leptonic 𝜏 decays

➢ SCT with polarized electrons allows measurement the tau lepton Michel 

parameters with precision better then that of Belle II
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𝑑Γ 𝜏∓

𝑑Ω𝑑𝑥
∝ 𝑥 1 − 𝑥 +

2

9
𝜌 4𝑥2 − 3𝑥 − 𝑥0

2 + 𝜂𝑥0 1 − 𝑥 ∓
1

3
𝑃𝜏 cos 𝜃𝑙 𝜉 𝑥2 − 𝑥0

2 1 − 𝑥 +
2

3
𝛿 4𝑥 − 4 + 1 − 𝑥0

2

Michel parameters

𝑥 ≡
𝐸𝑙

𝐸max
, 𝑥0 ≡

𝑚𝑙

𝐸max

[Epifanov, Phys. Atom. Nucl. 83 (2020) 944]

Tau polarization



Leptonic 𝜏 decays
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𝑑Γ 𝜏∓

𝑑Ω𝑑𝑥
∝ 𝑥 1 − 𝑥 +

2

9
𝜌 4𝑥2 − 3𝑥 − 𝑥0

2 + 𝜂𝑥0 1 − 𝑥 ∓
1

3
𝑃𝜏 cos 𝜃𝑙 𝜉 𝑥2 − 𝑥0

2 1 − 𝑥 +
2

3
𝛿 4𝑥 − 4 + 1 − 𝑥0

2

𝑥 ≡
𝐸𝑙

𝐸max
, 𝑥0 ≡

𝑚𝑙

𝐸max

Lepton universality test

𝑔𝑙

𝑔𝜏

Γ 𝜏− → 𝜈𝜏𝑙
− ҧ𝜈𝑙 =

𝐺𝜏𝐺𝑙𝑚𝜏
5

192𝜋3
𝑓

𝑚𝑙
2

𝑚𝜏
2

𝑟EW

Parameter Expectation Best measurement

ℬ 𝜏− → 𝜈𝜏𝜇
− ҧ𝜈𝜇

ℬ 𝜏− → 𝜈𝜏𝑒
− ҧ𝜈𝑒

0.972564 ± 0.000010 0.9796 ± 0.0016 ± 0.0036
[BaBar, PRL 105 (2010) 051602]

➢ SCT with polarized electrons allows measurement the tau lepton Michel 

parameters with precision better then that of Belle II

Tau polarizationMichel parameters
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[Rev. Mod. Phys. 78 (2006) 1043]

Second class currents
𝐽𝑃𝐺 = 0+− 𝑎0 , 1++ 𝑏1 , …

➢ Highly suppressed by isospin (𝜏 → 𝜂 ′ 𝜋𝜈, …)

➢ Testing the factorization of hadronic and leptonic 
currents

➢ Measuring 𝑉𝑢𝑑 , 𝑉𝑢𝑠 , 𝛼𝑠 𝑚𝜏 , and 𝑚𝑠

➢ Testing conserved vector current

➢ Hadronic vacuum polarization in the non-
perturbative region

𝑑Γ 𝜏− → had 𝜈𝜏
𝑑(phsp)

=
𝐺𝐹
2

4𝑚𝜏
𝑉CKM

2𝐿𝜇𝜈𝐻
𝜇𝜈

Spectral functions

Hadronic 𝜏 decays



LFV and CPV with tau

➢ Allowed in several BSM scenario, including SUSY,
leptoquarks, technicolor, and extended Higgs models

➢ 𝒪 10−9 – reachable upper limit at SCT for the 
branching of 𝜏 → 𝜇𝛾

➢ Also, requires excellent 𝜋/𝜇 separation

16

ISR photon background [arXiv:1206.1909 [hep-ex]]𝜏 → 𝜇𝛾

𝐶𝑃 symmetry breaking
➢ CPV in tau production

𝐽𝐸𝑀 ∝ 𝐹1𝛾
𝜇 +

𝑖

2𝑚𝜏
𝐹2 + 𝛾5𝐹3 𝜎𝜇𝜈𝑞𝜈

o Current limit: 𝑑𝜏 ≲ 10−17 𝑒 ⋅ cm

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

𝜎 𝑑𝜏 ~ 10−20 𝑒 ⋅ см

➢ CPV in tau decays (e.g., 𝜏 → 𝐾𝜋𝜈𝜏)

Beam polarization is essential 
for these measurements

https://doi.org/10.1103/PhysRevD.51.5996


The Weinberg angle

Electroweak model 𝑆𝑈 2 𝐿 × 𝑈 1 𝑌 (Glashow, 1961)
𝐴𝜇 = 𝐵𝜇

0 cos 𝜃𝑊 +𝑊𝜇
0 sin 𝜃𝑊

𝑍𝜇 = 𝑊𝜇
0 cos 𝜃𝑊 − 𝐵𝜇

0 sin 𝜃𝑊

17



SCT

𝐽/𝜓 cross section asymmetry
➢ Interference between the 𝑒+𝑒− → 𝛾∗, 𝑍 → 𝐽/𝜓 processes produces 

left-right total cross section asymmetry

𝐴𝐿𝑅 ≡
𝜎+ − 𝜎−
𝜎+ + 𝜎−

=
3/8 − sin2 𝜃eff

𝑐

2 sin2 𝜃eff
𝑐 1 − sin2 𝜃eff

𝑐

𝑚𝐽/𝜓

𝑚𝑍

2

𝑃𝑒

𝐴𝐿𝑅 ≈ 4.7 × 10−4𝑃𝑒

o 𝜎+ (𝜎−) is the total 𝑒+𝑒− → 𝐽/𝜓 cross section for right- (left-)handed 

electrons

o 𝑃𝑒 is the average electrons polarization, 𝑃𝑒 < 1

➢ Statistical precision with a one-year data set:

𝜎 sin2 𝜃eff
𝑐

sin2 𝜃eff
𝑐 ≈ 0.3%, 𝜎 sin2 𝜃eff

𝑐 ≈ 5 × 10−4

➢ It tests weak interaction of the charm quark

➢ An opportunity to observe deviation of the sin2 𝜃eff
𝑐 from its value 

at 𝑍 peak (test of the EW model)

JHEP 2020, 76 (2020)
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https://doi.org/10.1007/JHEP03(2020)076


Ongoing R&Ds 
for the SCT 

Detector

➢ Inner tracker

o Time projection chamber (TPC) option by BINP

o Cylindrical 𝜇RWELL option by INFN (LNF, Ferrara)

➢ Main tracker

o Drift chamber option by BINP

o Ultra thin DC (TraPID) option by INFN (Lecce, Bari)

➢ PID system

o FARICH option by BINP

o FDIRC options by Giessen University

➢ Electromagnetic calorimeter – BINP

➢ Muon system – Lebedev Physics Institute (LPI)

➢ Magnet – BINP

➢ Detector software – the AURORA framework released in 2021

19



20

➢ TPC option is proposed in BINP

➢ Advantage: reconstruction of soft tracks 

in the TPC volume

➢ Main challenge: requires processing of 

the continuous readout and dealing 

with events pipeline

➢ Prototyping:

o Technical design being finalized

o Prototype construction and tests 

are planned in 2021

TPC option for SCT inner tracker
Elements for the 1st prototype at BINP



Cylindrical 𝜇RWELL option for inner tracker

21

➢ The TPC option is developed by INFN 

group leading by G. Bencivenni

➢ A novel MPGD technology

➢ Potentially robust and low-material 

detector providing spatial resolution 

better than 100 μm

➢ A prototype is to be constructed and 

tested in 2021



Drift chamber: 
BINP proposal

➢ A detailed project is proposed

o 41 layers: 5 stereo and 5 axial super-
layers

o 10903 anode wires

o Gas mixture He/C3H8 (60%/40%)

𝜎𝑥 < 90 μm
𝜎𝑝

𝑝𝑡
∼ 0.38%@ 1 GeV

𝜎 𝑑𝐸/𝑑𝑥

𝑑𝐸/𝑑𝑥
< 7%

22



INFN Team
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
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∆𝜑 = 1.1 ∙ 10−4 ⊕
6.9 ∙ 10−4

𝑝
∆𝜃 = 3.8 ∙ 10−4 ⊕

6.9 ∙ 10−4

𝑝
                              (7.8 ® 6.6  with cluster timing)  

∆𝑝⊥
𝑝⊥

= 7.8 ∙ 10−4𝑝⊥ ⊕1.8 ∙ 10−3

𝜎𝑑𝑁𝑑/𝑑𝑥

𝑑𝑁𝑑/𝑑𝑥
= 3.6%

𝜎𝑑𝐸/𝑑𝑥

𝑑𝐸/𝑑𝑥
= 8.1%

Δ𝑝⊥
𝑝⊥

= 2.0 ⋅ 10−3, Δ𝜙 = 0.70 mrad, Δ𝜃 = 0.78 mrad @ 1 GeV

Drift chamber: the TraPId proposal F. Grancagnolo’s slide



FARICH detector for PID (BINP)

24

➢ Potentially best 𝜇/𝜋/𝐾 separation

➢ Requires:

o 14 m2 of four-layer aerogel radiator

o 106 readout channels, one per 3 ×

3 mm2 photon detector

➢ Work on the full-ring prototype is in progress

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



FDIRC detector for PID (by Giessen group)

25

➢ Design inspired by FDIRC for PANDA

➢ ≈ 105 readout channels

➢ Parameters of the detector must be tuned to 

reach the required 𝜇/𝜋 separation power

➢ Tests of the detector components and 

readout electronics are held in Giessen

𝜇/𝜋 separation power with FDIRC
(simulated by M. Schmidt)

Giessen cosmic station

➢ Significant synergy between 

FARICH and FDIRC options in the  

development of photon detectors 

and readout electronics
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Pure CsI crystal calorimeter option

➢ BINP group has a rich experience in 

construction and operation of 

crystal calorimeters (SND, CMD3, 

KEDR, Belle, Belle II experiments)

➢Option proposed for SCT:

o 16 or 18 𝑋0 (30 or 34 cm) pure CsI 

crystals

o 7424 crystals, 36 or 43 tons in total

o Readout with WLS and 4 APDs 

providing 𝜎𝑡 ≈ 30 ns

o A 4 × 4 crystal matrix is begin 

tested at BINP



https://c-tau.ru/indico/event/3/contributions/192/attachments/169/268/uglov.pdf
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Muon system: LPI proposal

Testbench in Lebedev 
Institute (March 2021)

➢ The scintillator → WLS → SiPM 

scheme

➢ 8 gapes in yoke

➢ The same technology is used in 

the Belle II KLM detector

➢ Improves 𝜋/𝜇 separation, 

allows reconstruction of 𝐾𝐿
0

https://c-tau.ru/indico/event/3/contributions/192/attachments/169/268/uglov.pdf


Superconducting 
magnet

➢ BINP currently produces magnet for the 

PANDA experiment:

o Production of superconducting cable is 

established in Russia

o Yoke has been already produced in 

Novosibirsk

o Final tests are scheduled in 2022

➢ SCT requires quite similar magnet. The 

experience obtained will allow to design 

and produce the SCT magnet quick

28



SCT detector software
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➢ Guiding principle: reuse of robust 

existing software and close 

communication with the Key4HEP 

initiative

➢ SCT detector software framework 

AURORA is released (v1.0.0). It includes

o Unified description of sensitive 

detectors

o Realistic magnetic field

o An example digitization module

o Basic data analysis tools

o Stack of external software

➢ Publications

o Presented at AFAD-2021

o Presented to vCHEP21



The SCT project status

➢ 2011: SCT is one of six mega-science projects to be implemented in Russia. The 

list is formed by Russian government commission

➢ 2017: International advisory committee (IAC) is formed; regular international 

workshops are held since then

➢ 2018: major update of the SCT conceptual design

➢ 2020: launching the EU project CREMLINplus, funds for European groups 

working on R&D for SCT detector

➢ 2020: SCT is discussed in the context of the “Large Sarov” project

➢ 2021-22: decision on the project implementation?

30



The “Large Sarov” project

31

➢ Large Sarov is a new scientific center being created 

by state corporation ROSATOM, located near Sarov

➢ It implies creation of a new branch of Moscow State 

University (first master programs are launched in Fall 

2021)

➢ SCT is discussed as the anchor facility for Large Sarov



32

Moscow
Sarov Novosibirsk



The Letter
“About creation of the Super C-tau factory”

33

➢ November 2020: letter addressed to president of Russia and 

signed by

1. Director of state corporation ROSATOM

2. President of Russian Academy of Science

3. JINR Director

➢ The letter suggests to build SCT factory on ROSATOM site

➢ President of Russia supported the proposal. He asked to 

elaborate details and report to him. The project is being 

discussed at government level with participation of ROSATOM



SCT Roadmap

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Ring stand

Injector stand

Main injector production

Main collider production

Building

Detector TDR

Detector subsystems (phase 1)

Detector subsystems (phase 2)

Machine tuning

First physics (10% data set)

First beams Full detector

Installation

D
es

ig
n

𝜇𝜇-tron
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➢ Intensive communication is going on between BINP and ROSATOM 

about the project details



SCT workshops

Workshops on future super charm tau factories:

• 2017.12, Novosibirsk (link)

• 2018.03, Beijing (link)

• 2018.05, Novosibirsk (link) + 1st meeting of the International Advisory 
Committee for the SCT experiment

• 2018.12, Orsay (link)

• 2019.11, Moscow (link) + 1st general WP5 meeting

• 2020.11, Hefei (online, link)

• Fall 2021 (in preparation)

CREMLINplus WP5 meetings:

• 2nd general WP5 meeting, September 2020 (online, link), 44 participants

• 3rd general WP5 meeting, February 2021 (online, link), 38 participants

• 4th general WP5 meeting, July 2021 (scheduled online)
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https://ctd.inp.nsk.su/wiki/index.php/1st_workshop_on_physics_at_SCTF
http://cicpi.ustc.edu.cn/indico/conferenceOtherViews.py?view=standard&confId=1009#20180318
https://indico.inp.nsk.su/event/13/other-view?view=standard
https://indico.ijclab.in2p3.fr/event/4902/
https://c-tau.ru/
http://cicpi.ustc.edu.cn/indico/conferenceDisplay.py?confId=2760
https://indico.inp.nsk.su/event/37/
https://indico.inp.nsk.su/event/44/


Steps towards formal collaboration
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SCT working 
groups

Simplified formal collaboration 
around the SCT experiment

The SCT Collaboration

Time

Funding for the 
SCT project

2021 2022

Conceptual design
R&D for detector
Detector software

…

Design, construction, and conduct the 
SCT experiment

Basic decisions regarding the SCT 
detector and planning the experiment

Rules for the full SCT collaboration

Today



Conclusions

1. The SCT experiment has a rich physics program

2. The SCT project is well-elaborated from both accelerator and detector 

point of views

3. Proper design, construction and operation of the SCT detector is possible 

only if coordinated by a strong international collaboration
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Thank you!
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Backup
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The factory colliders

Φ-factories
1-2 GeV

DAFNE (Italy)
VEPP-2000 (BINP)

𝐵-factories
10 GeV

PEP-2 (USA)
KEK-B (Japan)

Super KEK-B (Japan)
LHCb (CERN)

x50

completed in operation being designed

𝑐𝜏-factories
3-7 GeV

BEPC-II (China)
SCT, HIEPA

x100

Z-factories
Higgs-factories

45-175 GeV
LEP/LEP-2 (CERN)

FCC-ee (CERN)
CEPC (China)

x10000
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➢ EU project

➢ Time frame: from 2020 to 2024

➢ C+ working package 5 (≈ 2M€) is devoted to SCT

o The SCT project internationalization

o Prototyping the SCT accelerator components

o Development of the SCT detector software

o Prototyping the SCT detector subsystems

➢ The C+ WP5 partners:

1. BINP

2. CERN

3. INFN (Ferrara, Bari, Lecce, Frascati)

4. IJCLab (Orsay)

5. JLU (Giessen)
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https://www.cremlinplus.eu/

https://www.cremlinplus.eu/


Computing and data storage needs

Main processes

𝐽/𝜓 𝜓 2𝑆 𝜓 3770

𝐸 (МэВ) 3097 3686 3770

𝜎 (nbn) 1400 370 ≈ 6

𝑓 (kHz) 𝟏𝟏𝟎 34 0.6

Background rate (kHz)

Cosmic ≈ 2

Hadronic 19 17 16

Bhabha 90 80 80

BESIII SCT Belle II

Luminosity integral (1/ab) ≈ 0.02 10 50

Events (1010) ≈ 4 200 10

Event size (kB) 12 50 300

Raw data (PB) 100 200

Processes data (PB) 10 80

Maximal trigger rate is 
300 kHz

42

➢ Parameters of the computing cluster and data storage 
are estimated and are reachable with existing solutions



European Strategy for Particle 
Physics Update
➢ The SCT physics potential is reflected in Physics 

Briefing book: arXiv:1910.11775 [hep-ex]

43

Snowmass2021
➢ Letter of intent for SCT is signed by 100 colleagues from 38 

organizations (including 10 Russian organizations)

➢ The 2021 goal: writing white papers

https://arxiv.org/abs/1910.11775
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SCT detector software
• Task 5.3. Development of software for the design of an SCT detector

45

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 871072.

Event 
generators

Geant 
simulation

Digitization

Detector

Visualization Geometry

Conditions 
database

Event storage

Calibrations Visualization
Event 

reconstruction

Analysis

Simulation

TODO



SCT event analysis
• Task 5.3. Development of software for the design of an SCT detector
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This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 871072.

PODIO

Persistent data

ROOT TTree

Persistent data

ParticleList

Transient data

ParticleList

Transient data

➢ Final-state-particles 

processing

➢ Kinematic cuts
➢ Reconstruction of 

particle decay chains

➢ Kinematic cuts

➢ Calculating kinematic 

variables to be written 

in output n-tuple

➢ Inspired by Belle II 

analysis software

➢ Simple high-level 

Python API

➢ Easily reproducible 

data analysis

Algorithm

EventLoader

Algorithm

ParticleCombiner

KinemaiticFit

…

Algorithm

VarsToNtuple



2021: Dynamic aperture 𝑌0 = 1 𝜎𝑦, 𝜀𝑥 = 25.19 nm, 𝜀𝑦 = 126 pm
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Siberian Snake
The goal is to provide longitudinal polarization at IP

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

IP
SS1

SS3

SS2

120

120120

𝑩𝒔𝒐𝒍 𝑩𝒔𝒐𝒍
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Longitudinal Polarization (number of snakes)
Particle replenishing time
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Charm mixing

50

[1] Phys. Rev. D86 (2012) 112001

➢ CLEO-c [1]: 0.82 fb−1 @𝜓 3770

o Joint analysis of 261 processes

o First measurement of sin 𝛿𝐾𝜋
𝑦 = 4.2 ± 2.0 ± 1.0 %

𝑅𝐷 = 0.533 ± 0.107 ± 0.045 %

cos 𝛿𝐾𝜋 = +0.81 ± 0.22 ± 0.07

sin 𝛿𝐾𝜋 = −0.01 ± 0.41 ± 0.04

Γ 𝑖, 𝑗 ∝ 𝑖 𝐷2 𝑗 𝐷1 − 𝑖 𝐷1 𝑗 𝐷2
2 + 𝒪 𝑥2, 𝑦2

Coherent 𝐷0ഥ𝐷0 pair decays

[1]

Measuring charm mixing with combination of 
coherent and incoherent 𝐷0 decays



Λ formfactors

𝛼 ≡
𝑠 𝐺M

𝜓 2
− 4𝑚Λ

2 𝐺E
𝜓 2

𝑠 𝐺M
𝜓 2

+ 4𝑚Λ
2 𝐺E

𝜓 2 , ΔΦ ≡ arg
𝐺E
𝜓

𝐺M
𝜓

, 𝛼1, 𝛼2

➢ CP asymmetry in Λ → 𝑝𝜋−:

𝐴Λ ≡
𝛼1 + 𝛼2
𝛼1 − 𝛼2

≲ 5 × 10−5

o SM limit:
𝐴Λ ≲ 5 × 10−5

o Expected precision:
𝜎 𝐴Λ = 1.2 × 10−4

𝑒+𝑒− → 𝐽/𝜓 → Λ → 𝑝𝜋− ഥΛ → ҧ𝑝𝜋+

𝛾 𝑃
Λ 𝑝1

ഥΛ 𝑝2

𝑒− 𝑘−

𝑒+ 𝑘+

𝑝 𝑙1

ҧ𝑝 𝑙2

𝜋− 𝑞1

𝜋+ 𝑞2

JHEP 2020, 76 (2020)

Setup
SCT one-year 𝝈 (𝟏𝟎−𝟒)

𝑃𝑒 𝛼 ΔΦ (rad) 𝛼𝑖

5D 𝑃𝑒 = 0 Fixed 1.5 3.1 2.8

5D 𝑃𝑒 = 0.8 1.3 1.2 1.6 0.9

3D 𝑃𝑒 = 0.8 4.3 1.2 2.4 3.4
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https://doi.org/10.1007/JHEP03(2020)076


Charm decay rates

52

𝐷∗± → 𝐷𝜋±, 𝐵 → 𝐷𝑋, 𝑒+𝑒− → 𝑐 ҧ𝑐 → 𝐷ഥ𝐷𝑋, 𝑝𝑝 → 𝑐 ҧ𝑐𝑋

𝑓 ℋ 𝐷0 𝑡 2 = 𝑒−Γ𝑡 𝒜𝑓
2
1 − 𝑦 Re𝜆𝑓 + 𝑥 Im𝜆𝑓 Γ𝑡 + 𝒪 𝑥2, 𝑦2

𝑓 ℋ 𝐷0 2 ∝ 𝒜𝑓
2
1 − 𝑦 Re𝜆𝑓 − 𝑥 Im𝜆𝑓 + 𝒪 𝑥2, 𝑦2

Incoherent

𝑒+𝑒− → 𝐷 ∗ 0ഥ𝐷 ∗ 0, 𝒞+:𝐷0ഥ𝐷0𝛾, 𝒞−:𝐷0ഥ𝐷0 𝜋0

𝑖𝑗 ℋ 𝐷0ഥ𝐷0 ∝ 𝑖 ℋ 𝐷0 𝑗 ℋ ഥ𝐷0 + 𝒞 𝑖 ℋ ഥ𝐷0 𝑗 ℋ 𝐷0

𝑖𝑗 ℋ 𝐷0ഥ𝐷0 2 ∝ 𝒜𝑖
2 𝒜𝑗

2
𝜁𝒞

2 + 1 + 𝒞 𝑥 Im 𝜉𝒞
∗𝜁𝒞 − 𝑦 Re 𝜉𝒞

∗𝜁𝒞 + 𝒪 𝑥2, 𝑦2

𝜉𝒞 ≡
𝑝

𝑞
1 + 𝒞𝜆𝑖𝜆𝑗 , 𝜁𝒞 ≡

𝑝

𝑞
(𝜆𝑗 + 𝒞𝜆𝑖)

Coherent (at rest)

LHCb: 𝛾𝛽 𝐷 ≫ 1

𝐵 factory: 𝛾𝛽 𝐷 ∼ 1

𝑐-𝜏 factory: 𝛾𝛽 𝐷 ≪ 1

Boost

Time-integrated

Time-dependent



𝑒+𝑒− → 𝜓 4040 → 𝐷ഥ𝐷∗

➢ Coherent 𝒞 = −1: 𝐷0ഥ𝐷∗0 → 𝐷0ഥ𝐷0𝜋0

𝑀𝑖𝑗
− = 𝐾𝑖𝐾−𝑗 + 𝐾−𝑖𝐾𝑗 − 2 𝐾𝑖𝐾−𝑗𝐾−𝑖𝐾𝑗 𝐶𝑖𝐶𝑗 + 𝑆𝑖𝑆𝑗

➢ Coherent 𝒞 = +1: 𝐷0ഥ𝐷∗0 → 𝐷0ഥ𝐷0𝛾

𝑀𝑖𝑗
+ = 𝐾𝑖𝐾−𝑗 + 𝐾−𝑖𝐾𝑗 − 2 𝐾𝑖𝐾−𝑗𝐾−𝑖𝐾𝑗 𝐶𝑖𝐶𝑗 + 𝑆𝑖𝑆𝑗

+2𝐾𝑗 𝐾𝑖𝐾−𝑖 𝑦𝐶𝑖 − 𝑥𝑆𝑖 + 2𝐾−𝑗 𝐾𝑖𝐾−𝑖 𝑦𝐶𝑖 + 𝑥𝑆𝑖

+2𝐾𝑖 𝐾𝑗𝐾−𝑗 𝑦𝐶𝑗 − 𝑥𝑆𝑗 + 2𝐾−𝑖 𝐾𝑗𝐾−𝑗 𝑦𝐶𝑗 + 𝑥𝑆𝑗

➢ Incoherent 𝐷−𝐷∗+ → 𝐷−𝐷0𝜋+

𝐾𝑖
′ = 𝐾𝑖 + 𝐾𝑖𝐾−𝑖 𝑦𝐶𝑖 + 𝑥𝑆𝑖
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[3]

𝑍𝑖 =
𝐷𝑖׬

𝒜𝐷
∗𝒜ഥ𝐷 d𝑚+

2d𝑚−
2

𝐷𝑖׬
𝒜𝐷

2d𝑚+
2d𝑚−

2 ⋅ 𝐷𝑖׬
𝒜ഥ𝐷

2d𝑚+
2d𝑚−

2

𝐶𝑖 = Re 𝑍𝑖 , 𝑆𝑖= Im 𝑍𝑖

Model-independent Dalitz analysis

Charm mixing measurement using 𝐷0 → 𝐾𝑆
0𝜋+𝜋−

CLEO-c [3]

[1] Phys. Rev. D68, 054018 (2003)
[2] Phys. Rev. D82, 034033 (2010)
[3] Phys. Rev. D82, 112006 (2010)
[4] JHEP 04 (2016) 033



Model-independent Dalitz analysis
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[1] Phys. Rev. D68, 054018 (2003)
[2] Phys. Rev. D82, 034033 (2010)
[3] Phys. Rev. D82, 112006 (2010)
[4] JHEP 04 (2016) 033

[3]

➢ Time-dependent analysis: [1,2]

𝒫𝐷 𝑡, 𝑖 ∝ 𝑒−Γ𝑡 𝐾𝑖 − Γ𝑡 𝐾𝑖𝐾−𝑖 𝐶𝑖𝑦 + 𝑆𝑖𝑥

𝒫ഥ𝐷 𝑡, 𝑖 ∝ 𝑒−Γ𝑡 𝐾−𝑖 − Γ𝑡 𝐾𝑖𝐾−𝑖 𝐶𝑖𝑦 − 𝑆𝑖𝑥

➢ 𝐶𝑖 and 𝑆𝑖 are measured at threshold [3]

➢ 𝑥 and 𝑦 are the charm mixing parameters

𝑍𝑖 =
𝐷𝑖׬

𝒜𝐷
∗𝒜ഥ𝐷 d𝑚+

2d𝑚−
2

𝐷𝑖׬
𝒜𝐷

2d𝑚+
2d𝑚−

2 ⋅ 𝐷𝑖׬
𝒜ഥ𝐷

2d𝑚+
2d𝑚−

2

𝐶𝑖 = Re 𝑍𝑖 , 𝑆𝑖= Im 𝑍𝑖

➢ LHCb [4]: 1.0 fb−1@ 7 𝑇𝑒𝑉, 𝐷∗+ → 𝐷0𝜋+, 𝐷0 → 𝐾𝑆
0𝜋+𝜋−

𝑥 = −0.86 ± 0.53 ± 0.17 %
𝑦 = +0.03 ± 0.46 ± 0.13 %

CLEO-c [3]

Charm mixing measurement using 𝐷0 → 𝐾𝑆
0𝜋+𝜋−


