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The global strategy for the particle
physics

After the discoveryof Higgsboson,

. 2 A Large Hadron Collider
the particle physicsis focusedon

the deep understanding of the Energy Search for the new particles

predictionsof the StandardModel frontier

and on the searchof phenomena Pracis .

recision study of properties
beyondSM of known particles
e A Ceimea  COSIC Intensity § C s
smi S : . Siv S

manyroadsx A Spacebased  frontier — frontier  x eutrinos

experiments A Rareand precision

experiments
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CollidersFactories
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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
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Generations of collideffactories

Today: Tomorrow:
LHCbS5 fhyt x1060 . | Hch50/300 bt (Run 3/4)

Supercolliders

fldgship machine

v

Bfactories:1 abl 20— SuperKEKB: 50ab? stata
BESIL: ~100fpt — X199, SuperGtau factory: ~10 ab T Eme '
b 10%]
A There is balance/synergy between existing c =
o Factory (BESII) and 6 -factories(BABAR, S 1075
BELLH,HCb § L cesm
A New generatiord -factories started data E =
taking(BELLE, LHCb 2 o]
A To keep balance, there is place for the new b I
generationa-factory 10% et
Super® Factoryis the natural part of the 1980 1990 2000 2010 2020 2030 2040

Data collection

global particle physics strategy
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The experiments at Super &o iqp €0 0o
charmtau factory are . )

/ CKM A . .,
complementto experimentsat 800t
Super KEKB and LHCb, with t lifetime

o
uniquepossibilities ‘ "o !u! ‘r L0
AThreshold production of °° VLU L (V)Y
particles 600 “ “ O
60 Q'

APair production

AQuantum correlations ii©® ‘O 995N Clear BSM
production Clear BSM

. Neutra

00 ET OF OR A1 A
O EIROIEQ 6 Al fae = the final state ,
Dark matter ModekindependentO © ¢ “ © w@wnfur "

Quantum correlated ‘O Absolute branching fractions

CPV in charm 1 W  Polarized beam Z SCT
T o ourocasor i AP

ALow multiplicity, full
reconstruction of decay chain

APolarization of electron beam
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Super charntau factory

Super charrttau factory isQ Q collider, sctin%[.)nZk.su ] 15 Gev e- e
dedicated to precision study of properties of ——
charmquark, taulepton, study of strong e coven
interactions, search of BSM physics o+ DR g 7 éﬁ

o Beam energy from.5 (1.0)o 3.5 GeV Lsseve_’"i/;,/’ Cx o som 100m

General purpose
detector

o Luminosityfl pm A A ac¢' A6
0 Longitudinally polarized electron beam
Experiments will be conducted using staik = S
the-art general purpose detector 552 ‘
0 Tracking (including lovy )
o Calorimetry (high resolution, fast, X sep)
o Particle ID‘(j “j 0] fup to 1.5 GeV/c)

1.5¢ 3.5 GeV e+

“““ — DW
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https://ctd.inp.nsk.su/c-tau/
https://ctd.inp.nsk.su/c-tau/

Physics program
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SCTF energy range

,L(QQOEAAOITO Threshold production of nonrelativistic particles provides best
L (QQ o ) conditions for their comprehensive study
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Overview of
SCTF physics

Input for& meson studies at LHE
and Belle Il

Ivan Logashenko (BINP)

vvvvvvvvvvv

Precision measurement of thie
lepton properties

V Physics of hightgxcited
quarkonium

V Molecular states

V Baryon interaction at threshold

V Search for glueballs in decays of

uff andr (¢ )Y
V X

Michel parameters, tests of leptor——  1ast of the

universality

decays

Search fo Oand T violatiom\f

decays \Lelectroweak model, searches fo

4
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I _ electroweak
Precision measurement of hadroniic sector of the SM

QCD| ,w . Test of the

non-standard contributions




O ot 'h 0Q" T

[Belle, JHEP 02413, 139]

(Semi)leptonicQ, y decays

=

& I (a) electron mode
o 300

< 1~
S Wwp'o

> 200 L
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@ 100

Pull
tlﬂ o oo
T T

3
Egc, (GeV)

“O d 0 1 2
3(0 %a) —Qa a (p —|lw |
() a [CLEG, PRD 79 (2009), 052002]
_ o wp e, | T
i Branchingsneasurement™Q, w , EMSSE:;J@M@ ;
% 100k [Z773 MC D; - K e*v, .
. . = {IMCBGWOD: »Kletv, ]
i Lepton universality test 8 wf :
2 wf ]
Table 1: LFU test at BESIII with (semi)leptonic D decays. g 4"5 E
R(D]) R(DH) R(K™) R(K9) R(m™) R(7%) e e
SM 9.74(1)  2.66(1) 0.975(1)[31] 0.975(1)[31] 0.985(2)[31] 0.985(2)[31] ° Em}GeV, )
BESIII 9.98(52) 3.21(64)  0.978(14) 0.988(33) 0.922(37) 0.964(45)
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Detalled study of the charmoniulie
States

i Exiting QCD laboratory

i1 Cross sections to be measured
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Detalled study of the charmoniulie
States

i Exiting QCD laboratory Belle with ISR: PRL110, 252002 BESIIl at 4.260 GeV: PRL110, 252001
4 Cross sections to be measured 967 fb' in 10 years running time 0.525 fb-' in one month running time
, 7. 70 B —4- Data
o -Q -Q 0 UI[— 7 7 o F 4 data o 100__ — Total fit
L 60F — Fit = i BaskEaR
o QQ oo - 2 sk e | B BOEB'GSI[[ .
o 'Q _Q O |_ (c ')Y « g 405 <+ PHSP MC 5 60: -Smbgm
- o = [ = B
0 QQ 0 OohO'oz X a O >
0 Q'Q ° 00 g fg 8
o Q'Q ° '00E*) JE R, )
. , , 3.7 3.8 3.9 4 4.1 4.2 3.7 3.8 3.9 4.0
0 QQ 000 Mnax (/) (GeV/c?) Mo (/) (GeV/c?)
o QQ 000 (¢9 + M=3894.5+6.6+4.5 MeV « M=3899.0+3.644.9 MeV
0 QQ O v «x o ' =63+24+26 MeV o ['=46+10+20 MeV
o X * 159 + 49 events » 307 +48 events
« >5 26 « >86

10 years/s.0.1 yearvs.1 day at SCT
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CPV In charm

i Measurement of CP asymmetries in decay®ofO |,
O at the precision level dD p 1t

G Vs s c ed d
o Advantage of full event reconstruction _ _
1) 3 . + S
o CoherentO 'O pairs w v d W+ v
o e _ = S v

* % W+
C V. S & cb

4 Vb u
W% T =
Z :

o N -

30 (p& ¢8) pT %

M,. (GeV) | 0 00 2019
CLEOu® p /& 9 0 X x-TA §PRD 81, 052013 (2010)]
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CPV incharm - &S TFFFEFFEEERE

i The only experiment able to observe-CP
asymmetry inO-mesons decays at the level
v (p 1 ) simultaneously in many final state:
including states with neutrals

CP asymmetry precision

I I I I I
L ° HFLAV 2021

107+ — -
° S -

10~

CP asymmetry precision
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Leptonict decays

Michel parameters Tau polarization

(), L G o ‘ ‘Upv/, [ .G ‘ [
mw{pw)&(rw ocw W) —w(pw)EUAI—G),m w[pw61<TwT poo)]

i SCT with polarized electrons allows measurement the tau lepton Michel O . a
parameters with precision better then that of Belle Il wk ——h w K o
Statistical uncertainty of parameter &, 1074 Statistical uncertainty of parameter &0, 1074
4.5 251
4.0 _(a) Sensitivity to Michel parameter & (b) Sensitivity to Michel parameter £6
3.5 2.0
3 (5) | —&— Super Charm-Tau Factory =& Super Charm-Tau Factory
D LSk o N __.
2.5F "Belle 11 Belle 11
20F Lok
1.5F '
1.0+ 0.5k
0.5r
0 0.1 0.20.304050.60.70809 10 0 0.1 0.20.3040.50.60.70809 1.0

Degree of electron-beam polarization [EpifanoyPhys. AtomNucl 83 (2020044]
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LFVandCPV with tau

T O ¢ r ISR photon backgrourdrXiv: 1206 1909 [heeX]]

200 B 250 106GeV
i Allowed in several BSM scenario, includsigSyY ?;gg ey -
leptoquarks technicolor, extended Higgs models etc. o E
il 150
av(p 1) ¢ reachable upper limit at SCT for the 600 -~ R
branching off © * 7. 400 E
. : 200 £ e R U
0 usymmetry breaking ] | g Bats Toeet ol
i CPV in tau production Y

y 8O Q 2o 0 ,
U Ca ” r]
o Currentlimit[Q|Mp m QtA i

w
. . . . e Yis _yVv
o Tau EDM with polarized electrof8RD 51 (1995) 59p6 (am Beam polarization is essential S:k </:__:
. T

Q) pmm Qff for these measurements

i CPVin tau decays.g.,T© 0 “ )
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https://doi.org/10.1103/PhysRevD.51.5996

UIf cross section asymmetry

u Interference between the Q ' Q O | “hdO GIf processes produces left-right

total cross section asymmetry
o ” ” 0-7 O E :I\_ (] 7 5 5 @ i
0 k e ALlJ —— - L T& pT1O £
” ” COE'I_ (p OE'I_) u * et
0, (, )isthetotalQ'Q © UIl cross section for right- (left-)handed electrons 0235 ?
o 0 is the average electrons polarizatian, p - :
® Q (APV) ¥ aDIS |
. . P . naQ * NuTeV | |
i Statistical precision with a ongear data set: D S i o o LA TR S T
B 1% ¥
s s A & ol e P (Bl EREEE R S R
., (OE+ ) . L. S
o 0.98 - §
O E -’I\— 1-[8)- I:h ” (O E -I_ ) v p n = 10° 107 107! 1 l 10 10°

i It tests weak interaction of the charm quark

1 An opportunity to observe deviation of tH@ E - from its value atopeak
(test of the EW model)

Ivan Logashenko (BINP) PHIPSI'2022. STATUS OF SUPER CHARFACTORY PROJECT.



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

Physics progran2022update

Ornasienne
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http://sct.inp.nsk.su
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u 2021 1 Tpages
202: p aqpages

c:

i In Russian

i Editors
o G.Pakhlov4LP)
o A.BondarBINPR

Shorter (extracted) version
prepared as a white paper for
Snowmass
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Collider
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Super charntau factory

Super charrttau factory isQ Q collider,

dedicated to precision study of properties of

charmquark, taulepton, study of strong
interactions, search of BSM physics

0 Beam energy from.5 (1.0)to 3.5 GeV

o Luminosityfl pm A A ac¢' A6

0 Longitudinally polarized electron beam
Experiments will be conducted using staik
the-art general purpose detector

0 Tracking (including lovy )

o Calorimetry (high resolution, fast, X sep)

o Particle ID‘(j “j 0] fup to 1.5 GeV/c)

Ivan Logashenko (BINP)

. CDR 1.5 GeV e- Pole-
sctinp.nsk.su
2.5 GeV e-
1.5 GeV e+ &
— ‘OAQ
e+ DR . <
> % // (oé
2 7 2
> 0 50m  100m
1.5 GeV e- g4 l | )
General purpose

1.5¢ 3.5 GeV e+ detector

DW

=
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Alternative
configuration




Lattice and layout (2021)
A

- 35.0 202].;,;22.2{-08.};‘;.)09_].0cr€lb_sejlrtup0{.’e_chtl'om-j'l.s 0.6 — o
S B B D - 3
= 31.5 4 : : = Z
%— . ' 0.5 < _20E
& 2451 | 0.3 ~60F-
w210 o Bl 0.2 E80F
A Al I = F
17.5 - Zﬁoo nll
1 - 0.1 o
14.0 - - -120F
10.5 - 0.0 _140F
704 0.1 ~160F
3.5 o ) ; - -0.2 Y Vo) =P St A0S ARSI SNERSIAS AN I IR
' ‘ Ik ‘ i -150 -100 -50 H.n 50 100 150
0.0 + Z(m)

T T T T T T T T T = 0. 3
0.0 200. 400. 600. 800. 1000.
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Design parameters (2021)

ADesign parameters

_ : M{m} §70.545
meet the luminosity IR 150
reCIUirementS Eﬂ[.ml;lfj: ;?j SuperKEKB 03.12.2019 £, = 1 mm
ASimilar parameters [ : (mm) : : 10071 2 —
have been achieved k& — ~
: N jtmch % 10710 9 8 7 8 PEPIL: Ie+)=3.2 A PEPII
_ Uy(keV) 115.6 294 516 84 ENE
ADynamlc aperture VerlkV) 1500 2300 3000 3500 4500
was not taken into 0.0152 0.0162 0.0165 0.0162 0.0168
1.9 2 2 1.8 18
account g, x 10°  (SR/IBS+WG] 0.28/1.1 0.37/1.1 0.5/1.1 0.6/1.2 0.7/1.5
| ) (SR/IBS+WG) 3.6/14 5/14 6/14 w14 -FEN
The key problem now [:::; (SR/IBS+WG) 2373 4/4.9 6/4.3 SuperKEKB: L = 4.7 x 107
IS to find configuration IRt R Y, 11 1 1 —

with sufficient 0.008/0.17  0.005/0.14  0.004/0.1  0.003/0.08  0.003/0.07

dynamic aperture

Eruminosity 15) 2400 2100 2300 2300 2400 ——
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To remindCrab wais{P.Raimond2006)

X

LargePiwinskiangle % —O A(T—)

1. Transverse beam separation in parasitic IPs

A distance between bunches is not limited by
beambeam

2. Interaction area lengtiv L ,

A T ’ 0 I: ” nO hOUr'glaSS /\‘/Sext /lP W‘\/Sext
3. CRAB waist (CRABxtupole$ suppressebetatron Y, x AR
and synchrebetatron resonances N Mp=mm A o=mm
A, D}

But CRABextupoleantroduce large nonlinearity,
which reduces dynamic aperture, for off
momentum particles
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CRABextupolanfluence on 6d DA,
E=1.91 'HIP1

dLYl]SNJOl])\Z)/ NSH)\QY M € éao'fo\adZN‘] lj}\ —— CRAB=100%
sl — CRAB=50%

A Off momentum dynamic aperture with CRAB ON —~— CRAB=25%
IS insufficient at 1.2.5 GeV to provide necessary 10} —~ CRAB=0%
Touschelifetime 5|

0 p® CRAB| CRAB| CRAB| CRAB| = °

GeV 0% 25% 50% | 100% -5t

0 , W T oY) T ~10
pT —15

T (s) | 265 255 240 230 ol

U(Oﬂ l ) pa T@) w —0.02 —U.IOIS —0101 —U.IOOS 0 O.OIOS 0.61 O.OIIS 0.02
pm PT
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Touschelifetime with CRAB ON and OFF
at 2GeV, IP3

ALYUSNI OUAZY NBIAZY  6iDA y =0, 00 =3.50e — 0dm 0, = 1.14e — 03,2 GeV

. ) 4
A PIaCI ng CRthu pOIe&IOse rto I Pglves 4{} . —e— CRAB=100%: 2021.12.21-08.21 .09, =2034, 8cav. 12.18.23.17

—e— CRAB=0%: 2022.01.17-09.29.51, g=2034, 8cav, 12,18,23,17

largerenergyaperture 20
A But still not sufficient fofouschelifetime 25
at 1.5, 2 GeV with CRABxtupole100% 151

EENETTEETE
ISk =

O pm CEX C8( o

_40_

_45 T T T
L+ o+ L Ll e 2 92 <o <o <o <o o o O©o o 9
S e 22 e 22 2 2 2 o o o o o °o o ©
> o o o o o ©o o o o o S & S & = = = = = B2 2
R D = = = = = & & & 3 B E & @ N 12
() ® o B P © & E D
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Detector
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Detector concept

Muon system and yoke

Superconducting coil

Calorimeter

Main tracker

5.0

4.0

Inner tracker
3.0

PID system
2.0

1.0 Beam pipe

O'%.O 1.0 20 3.0 40 50 6.0

X, m

Ivan Logashenko (BINP)

Momentum resolution, jn 1@ Pat1 GeV
Very symmetric and hermetic

Able to detect soft tracks)( v 1O Q &
Inner tracker should be able to handbemt tracks/cnts

Very good particle identificatior) “ j “j 0
“] 0 in the whole energy range, e.g. f@IO mixing
“J“ upto 1.5 GeV, e.qg. fdrO® * [search
Q '@FQ chetter than 7%

Able to detect from 10 MeV to H GeV, good ¥
separation

Calorimeter energy resolution j O p& pat 1 GeV
Calorimeter time resolutiop  pns

OFFAOASY G aaz2Fdé OGNAIISNI
Ability to operate at high luminosity, up to 300 kHzjdt
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Super Bfactory (10.58 GeV)
5-10x luminosity

Very simiI
1% luminosity

<—— Previouggeneration ——
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Ongoing R&Ds for detector

i Inner tracker
o Time projection chamber (TPC) optionEBNP
o Cylindrical RWELL option NFN (LNF, Ferrgra

i Main tracker
o Drift chamber option by3INP

o Ultra thin DCTraPID option byINFN (Lecce, B#fi

u PID system
o FARICH option WINP

o FDIRC options WyiesseriJniversity*
i Electromagnetic calorimetey BINP
i Muon systent;, Lebedev Physics Institute (LPI)
i Magnetc BINP

i Detector softwarec the AURORA framework released?i?1
* Before spring 2022

Ivan Logashenko (BINP) PHIPSI'2022. STATUS OF SUPER CFRARFACTORY PROJECT. 31




Inner Tracker: TPC

Outer radius 20 cm Inner radius 3 cm

Beam pipe, inner radius 1.5 cm

TPC advantages:

A Highest number of
hits per track

A GreatdHdx
measurement

-30cm<Z<30cm
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Inner Tracker: simulations and
prototyping

Simulation of spatial resolution in TPC

—— Ar+10% CH,, 125 Vicm
—— Ar+10% CH,+10% CF,, 500 V/cm
—— Ar+15% iC,H, +40% CF , 1000 V/cm

The prototype is being built at BINF

Spatial resolution (c), mm

e
-
|

Pad size, mm
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Inner Tracker: G RWELL

The ¢ RWELL option for IT was proposeddpBencivenniINFN)

@ The CY'iﬂdfiCG' u-RWELL CREMLIN PLUS

Conracting Ruteisn and Eurspeas Measuras -I
far Lange-szle Research Infrastructures

The two schemes under study are both based on a B2B layout (a double radial TPC — with a central cathode), characterized by low
material budget and modular roof-tile shaped active device
Top Copper (5 pm)

Polyimide

“2 - B2B small drift gap” cylindrical detector I I 1 - B2B large drift gap” cylindrical detector

DLC layer (<0.1 ym)
p~10+100 MQ/0)

micro-TPC readout mode allowing
space resolution of O(100 pm) for
inclined tracks
(on the radial view)

N.2 small gap B2B C+|ayers = 1.72% X0 N.1 Iarge gap B2B C+IEVETS+ 0.86% X0

2 % 1 cm gas gap/B2B device 2 x 1 cm gas gap/B2B device

4 cm global sampling gas 10 lobal li
Further material budget reduction by M global sampling gas
using:

1.46 % X0 46— +  high module FR4 e .75 % X0

* low resistivity DLC cathode
*  aluminum Faraday-Cage/shielding 9
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Drift chamber

Measurement of momentum and&dx (PID)

ASpatial resolution ~100

ASmall cell

AMinimal material (reduce MS)
AApproximate sizeq (400-1600 x1800mm

‘HHHHHH L1l IR
g
w

w ‘A

GENF RAGAZ2VWINPE 2LJ0 . SE-2NIRRAUGAZ2YHNFE 2 LJGA2Y

BabarBES3, Belle2 KLOE, MEG, IDEA

Axial and stereguperlayers Fullstereo
TraditionaldEdx dEdx by cluster counting
Feedthroughwiring Roboticwiring
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SNATFO C YOSNY &GN
(BINP)

~40000wires g Brking Outer wall

Type: Total Deformation
Load Multiplier (Nonlinear): 13.992

11k sensitive, \ARh(Au)

L
20k field, Al(Au) {uv

0.23613

Hexagonal cell, 6-3.5 mm

r

o)

41 layers

e n e

0.00 500.00 1000.00 (mm) n_;__
— — X ]
250.00 750.00 ‘;,

WIRE LENGTH, mn 5 A

600/ H + 400/ NUMBER OF WIRES: e

0 e % - R — - 90° & anode N
- 1.2 1} Q cathode e

S \ e G 60° TOTAL TENSION o U \/

330 ns drift time (1.5 T) - = o

0.8

— V@ p o
0.4% at 1 GeV o4

— b

j o) [Yu.Basokt al., NIM A1009 (2021) 165490

aae e
geoa

?:e-n

-
=

Ivan Logashenko (BINP)

PHIPSI'2022. STATUS OF SUPER CFRARFACTORY PROJECT.




Drift chamberTraPicoption (INFN)
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MEG2 drift chamber

+ Separation of the wire anchoring function from the mechanical and
wire containment

« [ (||
Wire support Gas containment | TR I
. wire spool on i ideri ) :
Gas envelope can freely deform without tensionitig Systent ase;;‘:c;”"g The Extraction System

Wire cage structure not subject to differential
pressure can be light and feed-through-less.

+ Wire PCB
The high wires density (12 wires/cm?) imposes the use of wires PCBs

where the wires are accurately positioned and strung at the correct
mechanical tension.

affecting the internal wire position and coil, clutch
tension.

»  Wiring robot
Stringent requirements on the precision of wire position and on the | s
uniformity of the wire mechanical tension impose the use of an automatic al

s . Winding the thread e i i
system (Wiring Robot), to operate the wiring procedures. cylinder, wire PCB O

Ivan Logashenko (BINP) PHIPSI'2022. STATUS OF SUPER CFFARFACTORY PROJECT.




Magnetron coating of wire

Technology for magnetron coating of thin wires (up td 4@ has been developed at BINP.
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Magnetron coating of wire

Technology for magnetron coating of thin wires (up td 4@ has been developed at BINP.

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

-CneKTp 1

~20 nm of Nickel &90nm of
Silver ¢ O _1of hitting

1
60MKm OnekTpoHHoe u3obpa 0 5 10 15 20 25 30 3% 40 45 50 5 60 & 70 75 80 8 90

Nedopmauun, mm

Nickel 20 nm o 1 2 a3 4 s & 7 & g Mechanical properties tests of
Silver 6670 nm Hlonwas fans 1990 . fyeece: 2200 = coated 40micron wires
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Cluster counting

Counting number of ionization clusters (rather that deposited energy) can imj@2dp€ cesolution up to x2
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Cluster counting simulations
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Cluster countingtest beam at CERN

Purpose
* Demonstrate the ability to count clusters at a fixed By (e.g. muons
at a fixed momentum — 165 GeV/c) by changing:

- the cell size (1 -3 cm)

- the track angle (0° to 60°)

- the gas mixture (90/10: 12 cl/cm, 80/20: 20 cl/cm, for m.i.p.)

Establish the limiting parameters for an efficient cluster counting:
- cluster density as a function of impact parameter

- space charge (by changing gas gain, sense wire diameter, track angle)

- gas gain stability

Train different cluster counting algorithms
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