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Introduction

e+ e- Super Flavor Factory, Belle Il, started data taking in 2018. This
Intensity frontier experiment will allow one to study physics of b-,
c-quark, tau lepton on the record level of precision.

The appropriate candidate to establish competitive and in many aspects
complementary activity to study physics of charm, tau lepton and
baryons is Super Charm-Tau e+ e- factory (SCTF) in Novosibirsk.
2E =2 + 6 GeV
L = 1035 1/lcm2s
Crab-waist collisions

Modern general purpose detector




Physics program
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b ¢ F violation

The Conceptual Design Report (CDR) was recently (2018) updated
The basic topics of the Physics Program are established

The advantages of e- heam polarization have been started to discuss
In the last SCTF project meetings (twice per year)

Complementarity of SCTF and Belle Il in charm and tau sectors 3



Expected statistics and tasks
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Charmoniumlike states

ISO 381 11:)1 IPO SPI 3P2 1])2 3D1 3D2 31)3
T T @ u7de) T %(4(66(1))
X (4630 .
o @ X(4500) Y (4390 7(4430) X
(%4415) Y(4360 . ;
X(4160) @ X(4274) Y (4260 zg4zso;+ \
@ X(4140) 4230 (4240 i
I
X§3915)X 3872 W(4160) Z(4050) |
(4040) Z.(4020)" /
X(3940) 3860) %2 (2P) Z (3900) y
e Y T W |
[h28) o |=.=Ii|
C m Lel A2
B Aco
—e— 2002-201.6 Discovery. of two dozens
—e—= IV ., Sil S=0 S=1 exotic charmonium states
e | O L [ L) All of them above open charm threshold
0~ 1 It~ ot 1+t 2tF 2t 1— 2 3%

Multiquark states
Tetraquark

tightly bound four-quark state
Molecular state

two loosely bound charm mesons

Rescattering

Two D-mesons, produced closely,
exchange quarks

Charmonium hybrids
States with excited gluonic

£ degrees of freedom
b .

Hadrocharmonium

Specific charmonium state “coated”
by excited light-hadron matter

Threshold effects
Virtual states at thresholds

Charmonium states with masses shifted by
nearby DD ® thresholds



Double tag for D meson studies

* 100% of beam energy converted to D pair (Clean environment,
kinematic constrains v Recon. )

* D) generated i pair = absolute Branching fractions
* Fully reconstruct about 15% of D gy decays
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K
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AE:ED_EBeam

MBC = \/Efzieam - pf)
¢ Double tag techniques: Hadronic tag on one side,
on the other side for missing-mass studies



Test of lepton flavor universality in D decays

Pure-leptonic modes

i (1 ' ) SM prediction: Rp=2.66+0.01
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Semi-leptonic modes
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Mixing of neutral D mesons
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difficult to determine
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95% CL Interval
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Time Independent analysis

Due to the quantum correlations, the time-integrated decay rates are sensitive to mixing parameters
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CPV In charm
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Physics of tau lepton at SCTF

In the SM 7 decays due to the charged weak interaction described by the
exchange of W= with a pure vector coupling to only left-handed fermions. There

are two main classes of tau decays:

@ Decays with leptons, like: 7= — (~pv, 77 — T g1y,
T — {0~y 0,0 = e, . They provide very clean laboratory to
probe electroweak couplings, which is complementary/competitive to
precision studies with muon (in experiments with muon beam). Plenty of
New Physics models can be tested/constrained in the precision studies of
the dynamics of decays with leptons.

@ Hadronic decays of 7 offer unique tools for the precision study of low energy
QCD.

In five c.m.s. energy points

(2E = 3.554, 3.686, 3.770, 4.170, 4.650 GeV) it is planned to

accumulate 7 ab—", which corresponds to N, = 21 X 10°, which is

2.2 times smaller than the planned 7+ statistics at Belle |l.

However, the crucial feature of the Super Charm-Tau Factory project,

the polarized electron beam and lower c.m.s. energies, might give

some advantages in 7 lepton studies in comparison with Belle Il, thus,
compensating smaller statistics of taus. 11



vector coupling to only left-handed fermions ("V-A" Lorentz structure). Deviations from

"V-A" indicate New Physics. 7— — ¢~y (¢ = e, ) decays provide clean laboratory

to probe electroweak couplings.
The most general, Lorentz invariant four-lepton interaction matrix element:
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Four bilinear combinations of g;:,"' which are called as Michel parameters (MP): p, 7, &
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Heavy Majorana neutrino: M. Doi et al., Prog. Theor. Phys. 118 (2007) 1069.

Measurement of Michel parameters in tau

In the SM, charged weak interaction is described by the exchange of W= with a pure
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Michel parameters in tau at SCTF

At the Super Charm-Tau factory with polarized electron beam the average
polarization of single 7 is nonzero, hence the differental decay probability will
contain both, 7 spin-dependent and spin-independent parts.

2

do(C.CH |
o CT) O 3 (Dot Dyci G+ PelFr ¢ + FHC))

dQ, - B4EZ
1 Ne(+) — Ne(—)
Dy =1 0+ — 0, —
0 1+ cos’ O+ v 5|n Pe = Ne() = Na( )
(1 +?)5in2€ 0 —Lsin 26
Di = 0 — 32 sin% 0 0
—Lsin26 0 1+ cos®d — - sin® 0
Single 7 studies at the Super Charm-Tau factory:
dﬁ(ﬂ?—) o’ o
dQT 32E2 (D'D _|_ PE'FI L)I )

As a result, there are two methods to measure MP:
@ () Unbinned fit of the (7, p) events in 9D phase space (spin-spin
correlations + polarized e~ beam)

@ (II) Unbinned fit of the (¢, all) events in 3D lepton phase space (only
polarized e~ beam)

13



Feasiblility study of Michel parameters

3D Fit of (lep, all) events
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Starting from e- beam polarization of P_= 0.5 the sensitivity to all Michel
parameters at the SCTF becomes better than at Belle Il



Study of hadronic tau decays

Cabibbo-allowed decays (B ~ cos? 6¢) Cabibbo-suppressed decays (B ~ sin® 6c)

B(S =0) = (61.85+0.11)% (PDG) B(S = —1) = (2.88+0.05)% (PDG)

_ ) ) 1y 3S=0( 42
'fMﬁ{ S_ 0 } — EEUT’T““ . ’}’E)UT ) CF}S 6c (hadmns(q )|:"'5;.-,=_](f}'2)|0> : qZ < ME
S=-1 V2 sin @c - (hadrons(g*)|J; (g<)|0)

>

@ Measurement of branching fractions with highest possible accuracy

@ Measurement of low-energy hadronic spectral functions

@ Determination of the decay mechanism (what are intermediate mesons and
their contributions)
@ Precise measurement of masses and widths of the intermediate mesons

@ Search for CP violation

@ Comparison with hadronic formfactors from e* e~ experiments to check CVC
theorem

@ Measurement of [Niperusive (S = 0) to determine as
@ Measurement of [Npcusive(S = —1) to determine s-quark mass and Vis:

9 Rstrange = Bstrange / Be

[=]
|Vus| — | = strange 0 R

[ non —strange . non—strange — Bncrn —strange / Be
|V |_2 —oRy, BOry
ud 0 él?them}, - SU(3)-breaking contribution
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CPV In hadronic tau decays at B factories

@ CPV has not been observed in lepton decays

@ Itis strongly suppressed in the SM (ASf, < 10~ '%) and observation of large CPV
in lepton sector would be clean sign of New Physics

@ 7 lepton provides unique possibility to search for CPV effects, as itis the only
lepton decaying to hadrons, so that the associated strong phases allows us to
visualize CPV in hadronic 7 decays.

l. CPVin 7~ — 7~ Ks(> 07%)v, at BaBar (Phys. Rev. D 85, 031102 (2012))

Data sample of [ Ldt = 476 fb~! was analyzed
rt—at 0 :er vr)—I (Tt —m— 0 ’J'TD L
L Rel=07 )5-)—TH Asl=0n ) ; — (—0.36 +0.23 + 0.11)%

M+ —ntKA(>070)or )+ (7~ — 7~ KQ(>0nO)w~

2.80 deviation from the SM expectation: AE:'E = (+0.36 2 0.01)%

Acp =

NI.CPVinT— — Kg:fr_,v,r at Belle (Phys. Rev. Lett. 107, 131801 (2011)) f Ldt=699 fb—1
Angular distributions were analyzed, Acp(W = st-n) was measured (dw = d cos 3d cos 0):

_ dr _ _ dar _ 4
| cos 3 cos ( di; = d; dw
Acp(W) = : ~ (cos Gcos)__ — (cosFcos)_+
cp(W) (T +dr,r+)d_ (cos Beos ), — (cos Bcos ),
P dw dw « g 0.03 -
T T = v Kga*
_ (L _ Ve 0.0z} -8~ data
T - T / t| & control sample
== w_n ,CPr =< o_n e
W ¢< S S H < e l“, i
S K nS S K 0.0
S S o0e]
‘ lm( Ilrlr}S ) Q: 0‘026 -0.03 [IEE. 1 1.2 1.4 1?5

W (GeVic?) | 6



CPV In hadronic tau decays at SCTF

At the center-of-mass energies close to the 777~ production

threshold the 7 lepton is produced with the polarization

)5 - 2 Epbeam \/pseam cos? 6+M?2
| - €& B2 M2 +pbeam cos? 9

beam

Ebeam cos? 0+M.- sin? @ —
Pz = P i~ Fe)

In case of New Physics contribution, the amplitudes for the decays
7~ — (Km)"v, and 77 — (K7)" i, are:

~ P, along electron beam polarization

A=A+ A et A= A + Age_"‘ﬁe’ﬁ

where ¢ and o are relative weak (CP-odd) and strong (CP-even)

phases. CPV is studied comparing |.4|° and | A|?, there are three
possibilities to construct CPV asymmetry:

@ decay rate asymmetry ~ sind sin ¢
@ weighted rate asymmetry ~ siné sin ¢
@ asymmetry based on @(ﬁK x Py ) triple product ~ cos 4 sin ¢

At the Super Charm-Tau factory, with nonzero single 7

polarization, honzero strong-phase difference, 4, Is not needed

to measure CPV. 17



90% C.L. upper limits for LFV t decays

LFV 1 decays

W Model B(r — pv) B(r — ££F)

______ mSUGRA+seesaw 10—8 10—"Y
7 '~ SUSY+S0(10) 10—8 10—10

s '\ SM+seesaw 10—° 10—10

! [ Non-universal Z' 10_9 10_8

=K ————— SUSY+Higgs 10—10 10—8

Ve Vue W(e)

Probabllllty of LFV decays of charged leptons is extremely small

2
in the Standard Model, B(7 — (~) ~ (ﬁ;’;i) < 10—>4

w

Many models beyond the SM predict LFV decays with the
branching fractions up to < 10~2. As a result observation of LFV
is a clear signature of New Physics (NP).

7 lepton is an excellent laboratory to search for the LFV decays
due to the enhanced couplings to the new particles as well as
large number of LFV decay modes
Study of the different 7 LFV decay modes allows us to test
various NP models.

48 different LFV modes were studied at B factories
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Notable background from 1 pvv +
ISR y can be essentially suppressed at
the 1t production threshold at SCTF

Expected BR(T - py) limit
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Observation of DCS decay A — pr~ K

PRL 117,011801(2016) JHEPO3, 043(2018)
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SCTF allows us to improve essentially the accuracy of LFU test and search for CPV



Detector for SCTF

Muon systern and yoke

Superconducting coil
Calorimeter

Main tracker

4.0}

Inner tracker
3.0F

PID systern
207

10l Beam pipe

D. 1 1 1 1
%.D 1.0 20 30 40 50 60

X.m

Physics requirements:

e Good G?P for charged particles.
e Good symmetry and hermeticity;
e Soft track detection;

— Inner tracker to work with rate
of charged tracks ;10“&55;

cm=-5
e Good u/m/K-sep. up to 1.5 GeV/c;
— Good % resolution; T-> MY

— Specialized PID system for
p/m and m/K-separation;

e Good 7% /y-separation and
Y detection with E,=10-:-3000 MeV;

— EM calorimeter with o as
close as possible to physics
limit;

— Fast calorimeter (o; €1 ns and
small shaping time) to
suppress beam background
and pileup noise;

e DAQ rate ~ 300 kHz at J/y-peak.

i
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Inner tracker

Good resolution, better than 100 um (rec. of K, and A) § 0 1- =
Increase hermiticity of the tracker E ool £ 1} ..pﬁf.i"r_..'i',i
Detection of particles starting from 50 MeV/c 5 * "'.};-;_.v-'-v "
Handle high particle rate 1T -
:
e The TPC is more attractive option: gl i - ;
— More hits per track, Faitn B0 M
— more reliable dE/dx — measurements. T
e TPC capability to reconstruct the tracks in s s
expected experimental conditions will be .'
checked with full simulation soon. n-ﬂ;ﬂ S —t—H

Tt transverse momentum [Gevl
* Pion's hils in salid p, = 70 MeVic

Si-
/strips

* Pieav's hiis in solid
© Pien's hits in gas

E ooof-
Iy & !mﬁ.‘m g

p, = 70 MeV/c —__p,=70MeVic

T

\

|.J.:

Ml
50

- - s - 'i

palaioalas .‘I. TiThes
—-100 -50 ] 50

—200F

iliawil
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sialis
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Drift chamber

¢ "“40000 wire s

* JHK Sensitivefw—Re u
* 29|{ field;Al AL.I

Hexagonal cell, 63'75 m m :

N
AXIAL Neomsineiis

0% He + 40% C;Hg e

DL
bt Y R Y NE ]

As g

& anode

O cathode
(TOTAL TENSTON

U
A
|LOAD, tons | *;1‘:“::- -{.::;_:: .n,"ﬂ:“q 52, 4 v
*< 450 ns drift time 1571 R o e
A
%

LR

B
(Pl oy

L~ V0.21%2pZ + 0.31%?2
t
ﬁ04% at | Gev

OdE/dx _ 0
dE /dx 6.9%

Other variants are also considered
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Particle identification

« TT/K separation >40 up to 3.0 GeV/c Focusing Aerogel RICH (FARICH)
[TOF(BESIII): 30 at 0.9 GeV/c; ‘
DIRC(BABAR): 40 at 2.5 GeV/c;
ASHIPH(KEDR): 40 at 1.5 GeV/c]

e Good p/ 1t separation at P < 1.2 GeV/c

« Several options are considered: FARICH,
ASHIPH, TOF

FARICH system parameters: FARICH method

@ Focusing aerogel with npma=1.05(1.077),
4 layers, total thickness 35 mm

e Increase Np. w/0 Og. increase;
. ;1._.-"';T—5e;_}.-w 50 at 1 GeV/c
Aerogel area: 14 m2 was obtained in beam tests;

Photon detectors (3x3 mm?):
— Barrel — SiPMs (16 m~)

— Endcap — MCP PMT (5 m?) LAPPD?
1+2-10° channels (it depends on pitch)

Load 0.5+1.0 MHz /channel
Cooling system (<-30°C) is needed

P =1GeVic

® © ¢ ¢

R&:D for read out electronics is required.

Pomeren, Geye



6,/E [%]

Electromagnetic calorimeter

The main option is the calorimeter based on Csl(pure) scintillation crystals

Crystal of truncated pyramidal form (small facet ~(5.5 x 5.5) cm?)
with the length of 30 cm (16 X)

The barrel part includes 5248 counters = 41 6-rings x 128
counters, total weight is 26 tons

Two endcap parts: 2 x 16 sectors x 68 = 2 x 1088 = 2176
counters, total weight is 10 tons

The whole calorimeter: 7424 counters (36 tons)

Csl(pure) + WLS + 4APD

4 APDs
Hamamatsu
S8664-55

41 rings .
14 -
rings
WLS plate
=) o, o, organic glass covere
. 1.9% 0 0kage @ 0-33%git @ 0.11%, gygmpggfwmgL_g)
s sE Csl(pure) + WLS + 4 APD $8664-55
5:_ .....
4_5?\ : -leakage @ stat. © elec
AN 7,__I.e.akage.._@__s.tat.
35N leakage
3
I B CsI (pure)
DI HE N R T N S u——— crystal
1.5F
12_
0.5
= T T B S T T DT B I
0 0.1 02 03 04 05 06 07 08 09 1

E [GeV]

16-counter prototype is ready

Cosmic runs have been started with the prototype, test

beam study of the prototype at ROKK-1M facility in BINP is planned in 2020
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|

1.0 1.5 1

Belle-1l KLM system as a base option:

There are 9 and 8 gapes in the barrel and
end-cap parts of the yoke correspondingly;

Active elements are scintillator strips which
readout with help of WLS fibres coupled with
SiPM (as Belle-1l KLM system);

R&D and Belle-ll experience adaptation is
carrying out in LPI (Moscow).

T Baseline option

Maanet and muon system

“Thick” design outside calorimeter

Al-stabilized coll, established technology

Similar to PANDA magnet

“Thin” design inside calorimeter (0.1X,)4

Lurban fibre p

CMD-3 and KEDR experience

SREl
mukic sC

Scintillator:
polysteren
+ 1.5%PTP + 0.01%POPOP

MPPC: Hamamatsu
.. 1.3x1.3mm 667 pixels
"~ (used in T2K ND)

~~~"L

LT

-
________
-
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Simulation and analysis software

Full simulation is being developed intensively

Aurora framework
ROOT, Geant4

Gaudi & Athena-inspired
puild and config system

“CCSW (DD4Hep,
bODIO, ...)

§
iy
i
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Updated accelerator design (2018)

The accelerator project continues to evolve

2018: smaller ring more robust and realistic design

1 GeV 2 GeV | 3GV
[T [Mm] 475,768
20 60
5.5 (2.1) 5.2 13 (7)
400 420 280
(500) (150)
2.2 (1) 2.2 2
5/0.05
20 (15) 6.5 11
0.5 0.5 0.5
0.5 (0.14) 1 1.9 (7
1 0.7 ?




Status of the project

« 2011: selected as one of six mega-science projects In
Russia

* We have: roadmap, conceptual design, preliminary civil
engineering design

« CERN, IHEP, INFN, KEK and other oragizations
expressed their interest in the project

e In 2017 included in the plan for the implementation of the
first phase of the Russian Strategy for Science and
Technology Development

* In 2019 updated conceptual design report was submitted
to Russian government

e Submitted proposal to the Update of European Strategy
for Particle Physics
28



Summary

« Super Charm-Tau factory has very fruitful physics program in flavor physics
« SCTF is competitive and complementary to Belle Il and LHCb

» The physics program is further developed to unveil rich potential of the e- beam
polarization option

e Collaboration of the SCTF project is growing, we invite interested physicists:
Working groups:

* Inner tracker * |nternational advisory
 Drift chamber -
oo committee

» Calorimeter

e SCTF International

* Muon system

+ Magnet workshop:
* Physics and simulation
- Computing - May 2018, BINP

« DAQ and trigger
* Beam background

- Engineering — September 2019, Moscow

- December 2018, Orsay
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