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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.
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Precision is everything: The higher precision, the higher equivalent energies are reached
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Colliders-Factories

Energy ranges of high luminosity colliders (factories) correspond to production thresholds of known particles.
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LT e R o ol | lo eo0o lo o | | | | ol >|\/|ass)GeV
v,e,u,d S, U cCT b W Z H t
Beams of particles / \ \ v /
ct-factories B-factories Z- and H-factories
BEPC-II (China) PEP-II (USA), KEK-B (Japan) LEP, LEP-2 (CERN)
x100 gain in luminosity l l
Super ct factory Super KEK-B (Japan) FCC-ee (CERN)
SCTF (Russia), STCF (China) LHCb (CERN) CEPC (China)

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

Super factories today and tomorrow

Today: 10-60 Tomorrow: A bit outdated...
LHCb: 5 fbL XY . LHCb: 50/300 fb! (Run 3/4) (100 km)
B-factories: 1 ab! 0, Super KEK-B: 50 ab™! 1036 4
BES-11I: ~100 fb! x100 Super c-tau factory: ~10 ab™? T '
w0 1035
“
* There is delicate balance between existing S 10y rab-waist collision
ct-factory and B-factories (BES-IIl, BABAR, S ' schemeiis crucial for
O 1433 factories
BELLE, LHCb) E
* Need to keep the same balance for the next 3 el
generation of colliders § 1
RRT L
Super ct-factory is the natural element of i
global HEP strategy 1080 1990 2000 2010 2020 2030 3
Data collection
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Energy range of SCTF
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Key directions of the physics program

@

v' Measurement of the strong
phases of D decay amplitudes

v' Measurement of absolute
branching fractions

v’ Searches for rare and forbidden
decays of the charm quark

o

—\

and Belle Il

Input for B meson studies at LHCh ]

v" CP violation in charm
am (@
¢ v
lepton properties
~| v" Michel parameters, tests of
Test of the " lepton universality
electroweak sector v" Precision measurement of

of the SM hadronic T decays

T decays

decays of T
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Precision measurement of the T

v" Search for CP and T violati(m*

4
v' Searches for rare and forbidden L

v Physics of highly-excited
quarkonium

v" Molecular states (XYZ)

v Baryon interaction at threshold

v’ Search for glueballs in decays of

J/¥ and (25)

v" Searches for rare and forbidden

decays of J /i
v’ Measurement of sin? 0, at J /)
v oo

QCD, ay, V5. Test of the

electroweak model, searches for
non-standard contributions

Test of the
electroweak sector
of the SM
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Some key results expected from SCTF

Systematic study of CP-violation in decays - Search of LFV decay 7 - py
of D-mesons 1200 § 4.0 GeV 250 ;— 10 6 GeV
1000 - 200 2
* + n Z
¢ VCS S c CE W V“b u 800 F 150 H
K u T=>
i N - . mil,
Vs b XYZ physics 400
C) Pentaquark H-dibaryon Tetraquark E NETETE [/ | R J ol |
. 0 5 3 0 2g 6
o @
Lorentz-structure of weak currents in T — [lvv o S — 5
auarccquancanquane - dauarieds ‘ ‘ Measurement of sin“ 0, at /Y energy
Statistical uncertainty of parameter £5, 10~
2.5 7(b) Sensitivity to Michel parameter £5 d) Molecule Hybrid Gll;eball o - | *
2.0+ =
=& Super Charm-Tau Factory @_f‘_’;‘:-@ W % ‘g sina & ;* / :
15k o A _____. g - ~ | / ~
Belle 11 ! '\L ) SCT
LOF ‘ | \/ ----------- RN
0.51 5 7 e l\x:
0 0.00.20.30.4050607 0809 1.0 pige e
-beam polarization g g-gg‘é . Yonib >
= 097
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Super ¢t factory and B factories

H ()
TTTH(“‘
The experiments at Super FESSSS bosjay 7MY
charm-tau factory are CKM a, B . Vwyg,
complement to experiments at B - D7ty

Super KEK-B and LHCb, with
unique possibilities:

T lifetime Charged Higgs

B KO 0
TASTY yi6s)
B - K2KOK?
B-Ktnn® Z,
B - hvv,tv

* Threshold production of

: Y(5S)
particles

* Pair production
0=0 SUSY,
* Quantum correlations in DD Charged Higgs B Clear BsM

production Clear BSM

Charged Higgs

* Low multiplicity, full
reconstruction of decay chain Dark matter

* Polarization of electron beam
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Physics program: UFN paper

2024

Experiments at the Super Charm-Tau factory

M.N. Achasov ("2), V. E. Blinov'"?, A.V. Bobrov":?), D.A. Bodrov"®, A.E. Bondar’ "%, V.S. Vorobiev "), D.S. Gorbunov ¥,
V.P. Druzhinin -2, D.A. Epifanov("?, A.S. Kuzmin "2, L.B. Logashenko ("2, D.V. Matvienko "2/, A.V. Nefediev (*),

P.N. Pakhlov®-*), G.V. Pakhlova ¥, V.E. Popov(®), T.V. Uglov*-*)

) Budicer Institute of Nuclear Physics, Siberian Branch of the Russian Academy of Sciences,

prosp. Akademika Lavrenteva 11, 630090 Novosibirsk, Russian Federation

Novosibirsk State University, ul. Pirogova 2, 630090 Novosibirsk, Russian Federation

National Research University Higher School of Economics, ul. Myasnitskaya 20, 101000 Moscow, Russian Federation

2)
)

4 Institute for Nuclear Research, Russian Academy of Sciences, prosp. 60-letiva Oktyabrva 7a, 117312 Moscow, Russian Federation
)
)

3

O) Lebedev Physical Institute, Russian Academy of Sciences, Leninskii prosp. 53, 119991 Moscow, Russian Federation
(&) Tel-Aviv University, Raymond and Beverly Sackler School of Physics and Astronomy, 69978 Tel-Aviv, Israel
E-mail: ) timofey.uglov@ gmail.com

The review discusses the physical program of a new experiment at the Super Charm-Tau factory, the basis of which will be a powerful
electron-positron collider with a luminosity of ~ 10** ¢cm~2 s~! and an energy in the center of mass system in the range from 3 to 5 GeV.
A modern detector located around the beam collision point will provide a new level of measurement accuracy. The longitudinal
polarization of the electron beam, along with record luminosity, will allow the unique experiment to successfully compete with the
existing Super B-factories Belle Il and LHCh. The extensive physical program includes the study of the properties and measurement of
physical parameters of charmed hadrons, the t-lepton, the charmonium, and exotic states, as well as the study of the production of light
hadrons in e*e -annihilation and in two-photon processes. In addition to testing the Standard Model and precisely measuring its
parameters, a comprehensive search for New Physics beyond its boundaries is planned.

Keywords: e e -collider, polarized beams, quantum chromodynamics, t-lepton, physics of charmed hadrons, New Physics

PACS numbers: 12.38.-t, 12.60.—i, 29.20.db

Bibliography — 199 references Received 11 April 2023, revised 22 October 2023
Uspekhi Fizicheskikh Nauk 194 (1) 60—76 (2024) Physics— Uspekhi 67 (1) (2024)
DOI: https://doi.org/10.3367/UFNr.2023.10.039583 DOI: https://doi.org/10.3367/UFNe.2023.10.039583
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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.

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




Super charm-tau factory

» Super charm-tau factory is ete™ 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 £ = 103> cm™2¢c™ ! @ 2.5 GeV

o Longitudinally polarized electron beam

» Experiments will be conducted using state-of-

the-art general purpose detector
o Tracking (including low p;)
o Calorimetry (high resolution, fast, 7°/y sep.)
o Particle ID (u/m/K/p up to 1.5 GeV/c)

Ivan Logashenko (BINP)
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https://ctd.inp.nsk.su/c-tau/

Detector at SCTF

) 1. Vacuum pipe
Momentum resolution o, /p < 0.4% at 1 GeV PP
_ _ 2. Inner tracker
Very symmetric and hermetic
3.  Drift chamber
Able to detect soft tracks (p; = 50 MeV /c)
> Inner tracker should be able to handle 10* tracks/cm?2s 4. PID
Very good particle identification: e/u/m/K >. Calorimeter
> /K in the whole energy range, e.g. for DD mixing 6. SC magnet
o u/muptol.5GeV,e.g. for T - uy search 7. Muon system

o dE /dx better than 7%

Able to detect y from 10 MeV to 3 GeV, good % /y separation
o Calorimeter energy resolution oy /E < 1.8% at 1 GeV

o Calorimeter time resolution g < 1 ns

Efficient “soft” trigger

3
Ability to operate at high luminosity, up to 300 kHz at J /v >6x5.6x5.3m
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APCTBEHHBIN HAYYHBIM LIEHTP POCCUMCKON OEAEPALIN Q_/\\

Brief history of ct-factories

| ;00 OHSHH uy,
W@W i E-*f%@‘a
1993, Dubna JINR (E,,, = 2 GeV,L = 9.4 x 1032 cm~2s™1) | *
1994, Argonne National Laboratory (E.,, = 3 — 5 GeV,
L =103 cm%s71) e

1995, BINP (VEPP-5), round beams (E,,;, = 2 — 4.2 GeV,
L =103 cm%s71)

1996, Spain & France (E,,,, = 4 GeV,L = 1033 cm™?s71) %%Q}E@KMM HEWK@MME\K@&
1997, Beijing IHEP (E,,,, = 2.0 — 4.2 GeV, L = 1033 cm~2s71)

The only one running BIlMN-5
2006: Crab waist collision scheme (P.Raimondi): HosoonGvpcs 1995
1033 - 103°
VEPP-5 CDR
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History of SCTF project

Several proposals for
ct colliders: BINP,
JINR, ANL, IHEP.,...

L =103 —103
The only running is:

First version of

SCTF proposal

IAC established.

Regular
international

meetings started

NCPM (National
Center of Physics

and Mathematics) is
established in Sarov.

SCTF is considered

NCPM switched to
Compton gamma

source as key facility.

SCTF is considered
as possible future

4

BEPC-II as key facility project.
2006 2011 2020 2022
@ ® ® ® ® ® ®
~1995 2009 2017 2021 2024
CDR published
Crab-waist invented SCTF selected as CREMLINplus CREMLINplus
Potential x10-100 started terminated

increase in luminosity

Ivan Logashenko (BINP)

one of six mega-
science projects
to be builtin
Russia

Collaboration with
EU institutions
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R&D program

At the moment there is no clear path and timeline for SCTF approval for construction.

The project is supported by collaboration of Russian institutions, under BINP
leadership, with partial support from NCPM

We are focusing on some key R&D studies

1. Collider studies

* Simulations (design and ultimate luminosity)

 R&D for final focus

* R&D for electron source/linac (synergy with Compton source)
2. Detector studies

* Inner tracker

e Drift chamber

 PID
 Calorimeter
*  Magnet

3. Simulations and feasibility studies

Ivan Logashenko (BINP) FTCF2024-GUANGZHOU: SCTF OVERVIEW 14



Synergy between SCTF R&D and other projects

Detector technologies
(FARICH, magnet)
Software

STCF

SCTF

Gamm\ t)llider
Linac development projects

source
Common infrastructure @NCPM @BINP
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Projects are deeply related

CW studies
Detector technologies
Software




Under consideration: CW at VEPP-4M

e+ e_ e+ e'
H Ygo 88%8 g u:l\oocn8|o
KEDR Partial CW i_i% E:il?é‘.-fn % .g %gg g |18 k011
P 8 L -
=

Liva=30 m New Crab Waist se(:’tic_)h___"""

VEPP-4M VEPP-4CW :
VEPP-4M straight section is modified.

There is proposal to make a test of CW at VEPP-4M Electrostatic separation of colliding beams.

What can be tested: final focus elements, nonlinear beam

dynamics, beam-beam effects, backgrounds,... Beneficial for all future collider projects

Under discussion

Ivan Logashenko (BINP)
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Under consideration: future collider at

BINP (“VEPP-6")

» ete collider
o Beam energy from <0.5 to 1.6 GeV (J/y) (2.0 GeV)
o Luminosity £ = 103* cm™?c™ ! @ 1.6 GeV
> General purpose detector
o Tracking
o Calorimetry
o Particle ID
» Physics
o J/y decays, light hadrons

o Baryon thresholds

o Measurement of R

© .« Complementary to SCTF

Ivan Logashenko (BINP)

500 M3B: 1+3-1032 cm~2c~!

~ 1 - DAPHNE

1000 M3B: 1+2-1033 ¢cm~2c™?
~ 10 - VEPP-2000

1550 M3B: 0.5+1-1034 ¢cm~2%c™?

~ 30 - BEPCII
VEPP-2000 SCTF/STCF om.
I I I I > energy,
1 2 3 4 GeV
VEPP-6

Full-scale test of Crab-waist final focus!
Under discussion
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@ | gloor sst

Understanding limitations and ways to bypass them x_1503_ T

- ARC2 '
Talks by A.Bogomyagkov, M.Skamaroha and E.Bedarev b N " b s ||
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E,GeV 1.5 2.0 2.5 3.0 3.5
[1, m 935.874
26, mrad 60
B /By, cm 10/0.1

C | | : d 0./0, 30.545/29.61

ollaer C./Cy —64/—328

parameters QG =
LA [N 2.9/941 1.64/983 | 2.5/983 2.7/983 2.9/974
N, x 10710 6 3.25 5 5.3 5.8
y/&x (%) 10 0.5 0.5 0.5 0.5
ex(SR/IBS + WG). nm 2/2.9 3.5/3.5 5.5/3.2 7.9/4.1 10.7/5.7
oo X 10°(SR/IBS+WG) | 0.3/0.9 0.4/1.1 0.45/1.2 0.5/1.2 0.6/1.3
o, mm 17 15 14 14 14
EcJE, 0.003/0.03 | 0.002/0.06 | 0.002/0.08 | 0.002/0.065 | 0.002/0.053
v /Ex 3 8 6.8 8 8
7y [Ty [ Te, s 102/102/51 | 43/43/22 | 31/31/15 | 23/23/11 17/17/9
Lx 1073, cm~2s7! 0.29 0.4 1 1 1
T;.s 304 304 302 560 1100

Limited by beams lifetime >300 s
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Prototypes FF quadrupoles e

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.

Single quadrupole tests done, 40 T/m gradient achieved!

Fringe fields measured, their effect is studied with simulations

Double quadrupoles tests are ongoing
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Fourer coefticients of the decomposiion

Cold testing of CCT quadrupole in indirect cooling cryostat

Q"Cold” tests of the CCT lens prototype were carried out in a “dry” cryostat with indirect cooling with cryocoolers
through copper heat conductors in a vacuum.

UThe maximum current in the cryostat of 1600 A is provided by 4 Danfysik power supplies of 400 A each.

QFirst step: only one lens is powered.

Harmonics of the magnetic field in a quadrupole Harmonics of the magnetic field in a neighboring quadrupole
with the current turned on in which there is no current
I::'I::']. I I | |
3¢ Nodul Re B 0.01
4 Modul Im 5 3¢ MNModul Re
i E +—+ Modul Im
1=10""° = _3
5 110
4 2
b0 5 1x107
e S g’
— & | | | | | =
1=10 -5
S 2 3 4 5 5 7 110 ; 3 P ; 5
Magnetic field harmonic number Magnetic field harmomc number
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De5|gn of cryo system for FF

Detailed engineering design of FF cryo system,
including installation, technologies etc.,
performed in 2024
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RF electron gun studies

Number of the particles in the |2:10%! /s
bunch
Emittance  [10nm___

RMS energy spread

RF photogun is the main candidate = —
as source of electrons. '

Basic layout of the RF photogun :
1-accelerating cavity with a
photocathode

2 - accelerating cavity

3-RF power input

4-cavity for laser input and beam output

DUV PS laser

FTCF2024-GUANGZHOU: SCTF OVERVIEW
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The measured on-axial electric field
amplitude profile of the RF gun.
Frequency is 2856 MHz




Cath Ode R&D Talk by O.Tereschenko

Photocathodes which are of interest for RF electron gun
Since 2022 known as highly polarized e-sources

» Sb-based “green” photocathodes such as Cs3Sb, Cs2KSb, V.S. Rusetsky et al. Phys.Rev.Lett. 129
[l

Na2KSb, CsNaKSb and others _. 10000 )
i o ) [ Antimonide '
» Widely used in industry in PMT S 1000 Cathodes CS,'\,(ZAS
» Enough robust for operation with high average current o 10"%Torr c(m d)
. o 100 - athodes
» Laser systems are available £ \ 10" Torr
© 10
. e 100 mA @ 500 nm
[ Technology under development for accelerator applications g 4 | Metal Cathodes .
> Optimization of deposition procedure to obtain high QE>15% & Ll 70 mA @ 500 nm
o . L. e 0.1
» Optimization of growth procedure to obtain high polarization S 1mA @ 255 nm
) 1 mA @ 500 nm
P>60% z 001
— . P
> L|fet|m_e at high avera.ge current & 0.001 ~ LcLs, 0.12 microamp
» Operation at cryogenic temperature 0.0001 T~
» Mean Transverse Energy 5 0.00001  0.0001 0.001 0.01 0.1 1
ﬁ Quantum Efficiency
E distributi ,_UE Plot of the average laser power vs. quantum efficiency to produce various
nergy distribution curvgs _ z average beam currents. The QE ranges for the general cathode types are
measured at photon excitation — shown along with their vacuum requirements.
energies of 1.38 and 1.26 eV.
MTE ~ kT D.H. Dowell et al. / Nuclear Instruments and Methods in Physics
- -GD- YEET 0.3: Research A 622 (2010) 685—-697
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Inner tracker: TPC option

Considerations g aor We are developing TPC option for IT
L IR S
. 4 P e
Tasks g "
e Measure soft TT* mesons momentum 5 “TET® Flange for the end-cap detector
(p <100 MeV/c) A
e Complement the drift chamber in ;
measuring the momenta wrTs
e Detect secondary vertices from the ’ | Resitive
decays of short-lived particles (Kg , A\) o g/ shader

0 50 100 150 200 250

ReqUiI’ementS 7" transverse momentum |[MeV /c|
e Cover angle close to 41T
e Handle with high particle flux — luminosity Simulation of 1" transverse
35 -2 -1 momentum distribution
of 10 em™ s in e'e” — DD* (V. Vorobyev)

e Provide spatial resolution ~ 100 ym

Prototype
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Inner tracker: simulations

+At +2At s age -
p “ “ Result of the digitization: Clusterization of ) )
number of pad signal triagered pads and RECO hits histo_p_resid Entries 1187
matrices, corresponding to ‘ 99 L P o 5=
. . association them c L
different times. ] 154 L Py = 85 MeVic x?/ ndf 115.5/71
. : with one track. s [ e 0,64+
Time window At =50 ns. 5 - Oy = 0.0 rad onstant S0.64 %191
8 s0l— initial = - Mean -0.2349 + 0.0896
m | .
2 [ p=<p,>=5262MeVic Sigma 2.384+0.091
E B
\ N
2, o+ Ve At 2o+ 2vg At C
Center-of-Gravity cluster 20—
XY-coordinates calculation. =
Track parameters are Cluster Z-coordinate calculation 1ol
determined by is based on time information. -
reconstructed 3D hits -
ol dv e b e b e e
-8 -6 -4 -2 0 2 4 6

8
Presia = Pgas ~ Preco [MeVrc]

Hits from digitization, clusterization
and hit-reconstruction

T, 65 MeV/c
@1.5T
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Drift chamber

~40000 wires
o 11k sensitive, W-Rh(Au)

craaren
R Yy

[
=

Sana

0 L)
. e e
o 29k field, Al(Au) 4
’ LRI 50, 2 .
S P :
S .
H H
S0y R R
5,070 07d
+eione59000%0d
5103952520707 V
exXagonal ce - mm i
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Drift chamber: prototyping

i i ® He/CyHy
Studies with small prototype /CoH(50/50)

|.Yu.Basok et al., NIM A1064 (2024) 169419

.

A H6/03Hg(60/40)

Spatial resolution, test of materials
and wires, tests of radiation hardness

o o
o> =
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Synergy with the development of the

new drift chamber for CMD-3
Spatial resolution vs R

Photo of the small prototype. The numbers indicate: 1 — high-voltage low-pass Ei -
filter, 2 — small prototype, 3 — scintillators, 4 — preamplifiers. N :zzg ® He/C3Hg(50/50)
& . _F
Results of average spatial resolutions for gas mixtures He/C;Hy (60/40) and He/C,H; v BE 4 He/C3Hg(60/40)
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Calorimeter: prototype of pCsl option

Talk by D.Epifanov

The calorimeter prototype is
made of 16 counters:

. Csl(pure) crystal (6x6x30 cm3)

« WLS plate with NOL-9

- 4 APDs (Hamamatsu S8664-55)
. 4ch preamp.

The UV scint. light (315 nm)
from Csl(pure) is shifted to 590
nm by NOL-9 (nanostructured

organic luminophore) where the z
QE of APD is maximal. The re- L.O. 2
emitted light is captured in the 62 pe/MeV £
plate and detected by 4 APDs. L
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W Quantum efficiency vs. wavelength
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Calorimeter: test beam studies

Test beam studies at BINP:
Compton y with edge energies at 64,
111, 225, 361, 402, 441, 730, 812 MeV
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FARICH system construction optimisation

Endcap part Sketchs & key elements Talks by A.Barnyakov and P.Rogozhin

Particle

A 4

L /A
A

L.

LV T Ll

LY L )

® 2x55 trapezoidal aerogel tiles in end caps:
* 2x1000 MCP PMTs 34x34mm? from “Ekran FEP”
e MICP PMTs can operate without cooling

]

L]

L)

i

[

The first square MCP PMT produced in Russia:

« All details and components are produced in Russia
« First samples for test will be available until the end of 2024

Expected system parametersS(obtained in G4 simulation)
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Lsc = 60.52 + 0,83 mm

|+ u/m-separation
n/K-separation

Barrel part Sketchs & key elements

e 275 aerogel tiles 200x202x35 in barrel part
e only SiPM will operate in magnetic field
e effective cooling system is required
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ASHIPH system proposal for STCF (Hefei)

Talk by E.Kravchenko
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Fast simulation

Computing and Software for Big Science (2024) 8:1
https://doi.org/10.1007/541781-023-00108-7
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Fast Simulation for the Super Charm-Tau Factory Detector

Alexander Barnyakov'? - Maria Belozyorova? - Victor Bobrovnikov'? - Sergey Kononov'Z - Dmitriy Kyshtymov'- -
Dmitry Maksimov'~ - Georgiy Razuvaev'? - Andrey Sukharev'? - Korneliy Todyshev'- - Vitaliy Vorobyev' -
Anastasiia Zhadan'? . Daniil Zhadan'-
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Abstract

The Super Charm-Tau factory (high luminosity electron-positron collider with 3—7 GeV center of mass energy range) ex peri-
ment project is under development by the consortium of Russian scientific and education organizations. The article describes
the present status of the Super Charm-Tau detector fast simulation and the algorithms on which it is based, example usage
and demonstration of fast simulation results.

Keywords Super Charm-Tau factory - Fast simulation - Parametric 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)
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Simulation/reconstruction framework

Aurora Framefork

Release 2.1.0

1 °l L |
310 320 330

Event generators

o
<\
\

N\ /7

O\ /
WA | i
e o e

- Geometry, digitization, reconstruction
(with options)

Fast simulation

Instrumentation (visualization, tests,..)

Talk by D.Maksimov
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Summary

= Super ct factory (SCTF/STCF) has great physics potential, both for
discoveries and for deep understanding of Standard model

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

= There is synergy between SCTF R&D and other future and ongoing projects
at BINP and elsewhere

= The collaboration between STCF and SCTF is expanding
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