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Overview

- Physics program
- Collider and detector concept
- Project status
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What Is Super Charm-tau factory?

- ete collider, 2E =2 - 6 GeV

- Study of charmed hadrons and t
- 103> 1/cm?s luminosity

- Crab-waist collisions
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Brothers, sisters and cousins...

BELLE-2

Very similar B-factory (10.58 GeV) pp collisions
1% luminosity 5-10x luminosity

Previous
generation:
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Physics program

SiheriBarl‘le;:l:::tli;E::i:: :::Leear:l:::ii?ences Charmonia / T Iepton \
(BINP SB RAS)
- Spectroscopy
~ BR's ~ Michel parameters
- Light mesons on J/y ~ Spectral functions
decays ~ @2 violation
Super Charm — Tau Factory - Lepton flavour violation
4 ~ Lepton universalit
Charm mesons | \ P Y J
CONCEPTUAL DESIGN REPORT
PART ONE - Spectroscopy
(physics program, detector) p= BR!S //
~ Mixing Two-photon processes
CZP violation Y. ~ Search for C-even states

- o(yy— hadrons)

Charm baryons
Spectroscopy g(eTe™ — hadrons) J

Br's
CP violation

MNovosibirsk ~ 2018
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Energy range

1 year at
103% 1/cm?s

SCTF project at Novosibirsk
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Key features of SCTF

The same (and larger) statistics of D mesons and t 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.

»Pair production of D,Aand t  »Low multiplicity

Double tagging, measurement of Twice lower compared to Belle-2,
absolute branching ratios much smaller compared to LHCDb
: — > '
» Coherent production of DYD? Threshold production
. Threshold kinematics,
D mesons mixing, measurement background suppression, e.g. in
of parameters (strong phases T uy

etc.), important for data analysis

» Longitudinal polarization of
at B-factories 9 P

electron beam
T decays (Michel parameters),
CP-violation

Physics programs of Super ct-factory and B-factories complement
each other.
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T production

A. Pich

A.Pich@ORSAY’18
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T data sample

ALEPH 3.3-.10°
BELLE/ 1.4-10°
BABAR

BELLE-2 4.6 -101°
SCTF 2.1-10%°

108 at threshold

 single tagging

* measure background
below threshold

* no heavy quark
background
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Measurement of
Michel
parameters

Test of LFU
in T decays

SCTF project at Novosibirsk

¥
d;rg;x) « x(1—x) +§p(4x2 —3x —x2) + nxo(1 —x) F P cos 0, & |x% —x2 [1 —x+§6(4x -4+ ’1 —xﬁ)],
. . . . _ kb _my
t— lvv decay amplitude is defined by Michel parameters. T T B
In SM (V-A charged weak current) their values are:

— =0 - — 1 5 = 3 Vr
p=7 n=0, =1, = = B
vy
On b-factory Michel parameters are measured by spin- w=

spin correlations on t*t pair

Super c-t factory with polarized e beam would allow to
measure it in single t decay.

5 h
T = v, o .
5 2 T
G’EGlmT m, Uy
(7 = v V)= n W
2
- Tew = 09915, f(x) = 1-8x +8x> —x* —12x*Inx, G, = 4%12 .,
'\\\.‘- W//
Parameter SM prediction Measurement

B(r‘ - vru‘ﬁ#) 0.972564 + 0.000010
B(t~ - ve V,)

0.9796 + 0.0016 + 0.0036
[BaBar, PRL 105 (2010) 051602]

Super c-t factory can significantly reduce systematic uncertainty
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Search for LFV decay t— uy

Allowed in some NP models

Main background sources: ISR background [arXiv:1206.1909 (hep-ex)]

1200 4.0 GeV 250 ;— . 10.6 GeV
- 17— uvv + ISR photon 1000 200 | LIIL[LFLL
- 800 &
0T = Hyvv 600 H 150 ! ™=>uy
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i . |
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g ool 'l-“ g\.& L Expected limits on B(t— uy)
o
é otr .‘ill Belle/BaBar | Belle II: 0(10_9)
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T e oo s, * Super c-t: O(107°)
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Measurement of absolute branching ratios of D, A, ...

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

R.Mitchell @ORSAY’18
With 567 pb-! of data at 4.6 GeV (200k A.), measure absolute BF’'s with double-tags:

100 - ng : pK-TE+ L pKatn?

sof g
oA AL
20? A L But compare to the Belle measurement:
m; oy " _ L B(Af — pK—nt) = (6.84 £0.247021y%
: Aot j\L : 50+ [Belle, PRL 113, 042002 (2014)]
L L
* i

1sf (A reminder that it is important to measure
10k PK:TE*“_ ! 'w the same quantiries with different techniques.)
5 L

2.26 2.28 2.3 2.26 23 2.26 228 23

Mg, (Gewcz}

B(AT = pK~77) = (5.84 £ 0.27 + 0.23)%

Events/1.0 MeV/c?

With higher energies, access absolute BF's
for other charmed baryons.

BESIII, "Measurements of absolute hadronic branching fractions of the A7
baryon,” PRL 116, 052001 (2016)
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Leptonic decays of D

R.Mitchell @ORSAY’18

Terminology /Formulae /Definitions:

Leptonic decays of the D and D,: BESIIT has the most precise measurement of D+ — ptvy:
B(D(s) —+ II‘J’:} Gi—” q,| -fD{,]

2 ] 2
™h ml mpn i
y P Of E !
2 10°
8w m
Dys

Lattice CD results:

(3fb-1 at y(3770))

10°
FIEG 2016

FLAG average for My= 2+1

FMAL/MILC 14A
ETM 14E

ETM 13F
FMNALMILC 13
FMALMILC 128

FLAG average for Ny=2+1

4OCD 14 1

HPQCD 124

FMALMILE 11

PACS-CS 11

HPQCD 104 )

HPOCD/UKQCD a7 10

FMAL/MILC 05 -0.2 0 0.2 0.4 0.6

2+1+1

10

Ny
Number of Events

Ne=2+1

FLAG average for My=2 M" G 2.4
eV=/c
TWQCD 14 miss [ ]
ALPHA 13B
ETM 13B
ETM 11A
ETM 09

foe = (203.24+5.3+1.8) MeV

180 200 220 240 230 250 270 MeV
212.15(1.45) MeV 248.83(1.27) MeV

(still statistics limited)

BESIII, “Precision measurements of B(D* — ptw,), the psendoscalar decay
constant fp+, and the quark mixing matrix element |V.4|,” PRD 89, 051104(R)
(2014)




Logashenko Ivan SCTF project at Novosibirsk

Search for FCNC process: ete™ — D*0

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

B 127 m?2,.1'2
J(E+E — Dﬂ)ﬁzmﬂ* = Op= (S) = _m2 BD*—}E+£_BD*—}D1T (S . mﬂ 3)2 _:.mﬂ I‘%
D+ D* br

Estimated sensitivity:
4 X 10_10 O2F

Bre 4,- > X
D'=ete™ = [ Ldt [ph=t]  Tp- [60 keV]

Standard Model:
Bpieto- = (0.1 +7) x 10717

Example of New Physics contribution:
BZ._ .. - <25x10711

D*—eTe

In 2017 CMD-3 collected 4 pb~1 at 2007 MeV with g,; =~ 2 MeV
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Charm mixing

¢ Ve q Vig u

KO
/ \ DD ED ‘. . 4
- I’:-fq 'l’f(j} -uwmz -10-8-&-4-2;1246510
[ The mass eigenstates ] [ The phase convention ] BO B
Id _ “‘\.I _ j J
ID,,) = p|D°) + q|D° | cP|D°) = —|D°) | o | | | s - > |-
Pl +1q1? = 1
m(Dy,) =my,, T(Dy,) =T, [ The SM expectations ]
/ 'd
- i Short distances x ~ y ~ 1078 pe pa

™y
‘ ] -2 =1 [1] 1 F -15 -10 4 a E 10 15
]

[ The mixing parameters ] ‘ Long distances x ~ y ~ 1072

M. Gersabeck, arXiv:1207.2195 [hep-ex]
.'/. \
My — My -0 ; ;
x=———=t,  y="r [ The first evidences ] Charm form_s the only neutral meson
- ~ system with the heavy up quark
L+ Phys. Rev.
L =" Phys. Rev. Lett. 98, 211803 (2007)
A e v
2

Ry = (x?+y%)/2, rfe“sf = —(fID°){f|D®), zp = 208 8¢, Wy = 2sin &
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Time-independent analysis

Due to quantum correlations, the time-integrated decay rates are sensitive to
the interference (mixing parameters)

PRD73 (2006) 034024

C=-1 C=+1
- E:eFéDIc(:_FT[+) (1/4) - (Dys, I's_ /Tis_ T's, —Tis_T's, /Tis,I's_) Yy —
[ — semileptonic (T /ATy) - (Ts-/Tis- = Ts, /Tis.) Y Y
(e.g. K~etv) (Cy7/40s) - (s /T —=Ts, /Tfs,) Y+ Ty —(y+rszp)
Sy — CP-even/odd (I'fls, s /4)-(1/Tys s, —1/T4g,'s ) Y+ ey 0
(e.9. K'K™) (U'7/2) - (Psysy [Trs Tsy —Ts s /Tfs_I's ) 0 Y+ rpzy
Tff/f'ff Ry 2-?‘% +ri(zpy — wyx)
Upe /T -rj% ?‘?» +re(z5y — wyx)
Dpgz /Ty~ Ry 3Ry

SCTF is competitive with Belle-2 and LHCb in measurement of charm mixing
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D° - Kdn*tn~

[ Correlations with C = —1 ]
Fa \
T(i,j) o [(i| Do) D1} — (i DL ID2)|* 4+ 0(x%, y?) < Important input for future
T CKM measurements
= 15
[ Average strong phase differences ] E LR AN NN B
g Tk e | [3] 3
/ : 0po 0+ _— : st ° 16E — 6, , CLEO-c duta 3
/= Measurement using D"D" — Z(KS T ) [ L 5 Wi "3 — 6, Pred. BESII 29" 3
| 1 o Tl m;tsﬁawé'f Bl o 122_ LHCh =, Pred. BESII 100 fo” é
My; o< KK ; + K_K; — 2 |[K;K_;K_;K;(C,C; + S;S;) 10F o] 3
. 8F =
* Existing results 2: :
« D— KS(-]H+T[_ [2] 2F E
U H | wl 1 [

10* 10° 10°
N[B*— DK*, D— 41"

« Doatnatan[3)
« D> Kon ntn®[4]
* Applications
¢ Charm mixing
» CKMangleyin B* - DK*,D - K%a*tn~
| N; < K; + 15 K_; + 2\ KiK_i(xgC; + ypS;)

0o+ _—/

'\‘\ *+ CKMangle finB% = D°° D - Kdn )/

1] Phys. Rev. D68, 054018 (2003)
2] Phys. Rev. D82, 112006 (2012)
3] arXiv: 1709.03467 [hep-ex]
4] arXiv: 1710.10086 [hep-ex]

— — — —

13
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Charmoniumlike states

]SD SS IP ]P 3P 31}2 1 3[)1
475 — 1 T——— G.Pakhlova  _.-"='=:<
@ Ty 47d0) !\"(466(1}
450 p e @ X(4500) Yﬁ::;;” Z(4430)"
B ; \
425 X 41%} ) . X(4274) Y(4260) A£4250;+
X(4140) Z(4200
4.00 X(3915)X 387 v Z(4050)"
: (4040) y Z.(4020)*
275 _Xf;?‘"” X0 PRl — e Z.(3900)
—o 1% w(3770) DD
@125
3,50 fn.(28) =
hr; :':‘ Kel Ke2
305 b Xeo 2002-2016 Discovery of
—— 18 exotic charmonium states
3,00 > W s > $=0 > ! All of them above open charm threshold
- | | I(— | | -\'I Il(— | | A
RS S R L R A S S B S S

Multiquark states

Tetraquark

tightly bound fﬂur—quark stat

Molecular state

c.

degrees of freedom
Q,;ﬁ} ®

two loosely bound charm mesons

Joramenko M.

Rescattering

E.

Charmonium hvbrids

States with excited gluonic

Two D-mesons, produgged, closelys, ..y SB

exchange quarks

Hadro-charmonium

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

Threshold effects
Virtual states at thresholds

armonium states with masses shifted by

ITOPHEH

nearby D ,D ) thresholds 40
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J /W — factory of light hadrons

- 10%2 J /3 will be produced at SCTF. J /iy decays to u,d,s
guarks

J/W¥ — y* = hadrons, - 39, - Y94

- Using various decay modes, one can study states with
practically any quantum numbers.

- BES-3 performing analysis, based on the 10° J/iy
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, PODIQ,...)
- SCTF modules

R
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Brief history of ct-factories

- 1993, Dubna JINR (E,,,, = 2 GeV,L = 9.4 x 1032 cm~?s~1)
- 1994, Argonne National Laboratory (E.,,, =3 —5GeV,L =
1033 cm™4s71)
- 1995, BINP, round beams (E.,,, = 2 —4.2GeV,L =
1033 cm™%s71)
- 1996, Spain & France (E,,,, = 4 GeV,L = 1033 cm™?s™1)
- 1997, Belijing IHEP (E.,,, = 2.0 — 4.2 GeV,L =

1033 cm™%s71) —
The only one running

- 2006: Crab waist collision scheme (P.Raimondi):
1033 - 103°
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Collider conceptual design (2011)

~ Double ring collider with crab waist
> CM energy from 2 to 6 GeV

> L=10% at 2 GeV

- Beamsize at IP: 20 x 0.2 um

> Longitudinal polarization of e

e 1.5 GeV Linac

Polarized e Gun

Thermoionic
Gun

wiggler Siberian snake sixtupole
magnet/ \ agnets
v frequen
Syste 1
Wiggler
magnet

e* 1.5 GeV Linac

thr —_—
. sixtupole
~—maagnets Detector
\ \

1 GeV Linac Wiggler
magnet
Damping Ring ~ 104 accelerating elements

e 1.0-1.5 GeV

~ 52 klystrons
~ 440 meters of linear acelerators
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At the location

Technical building 27/2 8l Collider tonnel \ga | Detector building 27/1/2
y’

e i
Cryogenic station Coliderbilding £ : Technical building 27/3
/ : /ﬁ Powers supply 7
(' "4

A
/'1' 7
L
|

&

: Transport gate
Transport gate /:
¥ Building 13

Building 20

Main building 1
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Basic parameters (2011)

Energy 1.0 GeV 1.5 GeV 2.0 GeV 2.5 GeV
Circumference 780 m

Emittance hor/ver Gnmlo.m nm @ 0.5% coupling

Damping time hor/ver/long - 30/30M5ms

Bunch length 16 mm 11 mm 10 mm 10 mm
Energy spread 10.1-10* 9.96-10* 8.44-10* 7.38-10*
Momentum compaction 1.00-1073 1.06-103 1.06-10 1.06-10
Synchrotron tune 0.007 0.010 0.009 0.008
RF frequency 508 MHz

Harmonic number 1300

Particles in bunch 7-1010

Number of bunches 390 (10% gap)

Bunch current 4.4 mA

Total beam current ( 1.7A j

Beam-beam parameter 0.15 015 | 012 0.095
Luminosity ~ 0.63-10% [y 0.95-10% 1.00-10% [ 1.00-10%

IP: 3,=0.8 mm, [,=40 mm
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SCTF project at Novosibirsk

Updated conceptual design (2018)

The project continued to evolve.
2018: smaller ring, more robust and realistic
design

475 m (was 813 m)

1GeV | 2GeV | 3GeV
IT [M] 475.768
20 60
[Mpag]
s 5.5(2.1) 5.2 13 (7)
[10*°]
Npunch 400 420 280
(500) (150)
1 [A] 2.2 (1) 2.2 2
Bx/By 5/0.05
[cm]
&y [HM] 20 (15) 6.5 11
Ey/x [%0] 0.5 0.5 0.5
L[103°] |0.5(0.14) 1 1.9 (1)
Vrr [MB] 1 0.7 2
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Detector requirements

- Good energy and momentum resolution, high efficiency
- High efficiency of soft track detection

- e.g.in D* or A decays
- Few mm vertexing

- ¢t(K) = 27 mm, ct(A) =79 mm

- Very good particle identification: e/u/m/K
- /K in the whole energy range, e.g. for DD mixing
- u/mupto 1.2 GeV, e.g. for t - uy search

- Efficient “soft” trigger

- Ability to operate at high luminosity
- up to 300 kHz at J /¢
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General layout

SCTF project at Novosibirsk

5,6 Xx5.6 x5.3m3

N o g bk~ WD

Vacuum pipe
Inner tracker
Drift chamber
PID
Calorimeter
SC magnet
Muon system
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Inner tracker

- Resolution similar to
drift chamber
(~100 p)

- Sensitive to particles
with low momentum
(~50 MeV/c)

- Compatible with final
focus constraints

- Able to handle high
particle flux

- Approximate size:

@ (40-400) x 600 mm

Number of events

SCTF project at Novosibirsk

1000 +

800

600 -

400

200 +

T
0.00

T
0.05

T T T
0.10 0.15 0.20
T+ momentum [GeV/c]

T
0.25

Simulation of " momentum distribution
In e*fe- — DD* (V. Vorobyev)
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Inner tracker and the final focus

Inner tracker have to be interfaced with the final focus magnets

Compensating

Gradients for 3 GeV

solenoid
Be-tube +150 mm, QDo, 200 mm QF1, 200 mm
30 mm, cooled -100 T/m Corr. coils 70 T/m
Screenl.ng BPMs
Y-chamber, solenoid
cooled BPMs 1035
[l
-:-—-—"m
ﬁ
_.r._._____,_.--
S -
T (=] N 4
L N I ] e e e e — — — -
P = — e — = e — - — - - - -5
T =11 —_— >
l - | — —] e-
—— _ 9350 o —_—
| ""“\-—_w i

1660

FF vacuum chamber Cryostate with FF magnets
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Inner tracker technologies

- Three options are being considered

4-layer Si-strip 4-layer CGEM Time Projection
(cylindrical GEM) Chamber (TPC)

- Other interesting technology - uURWELL

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 u

- Small cell

- Minimal material (reduce MS)

- Approximate size: @ (400-1600) x 1800 mm

“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
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Drift chamber: trad

- ~40000 wires
- 11k sensitive, W-Rh(Au
- 29k field, Al(Au)
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Drift chamber: beyond traditional option

- ~141000 wires drift tube Measurement of

- 23k sensitive, W individual clusters
. : improves time
117k field, Al and dE/dx
- Square cell, 7.2-9.1 mm resolution
- 64 layers

- 90% He + 10% iC,H;,

—‘Z”t ~ 1/0.078%2pZ + 0.18%?2
t
~0.2% at 1 GeV

OdE/d : S
dE//dx ~ 3.6%  With room for Robotic wiring
x improvement!
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Particle identification

Requirements for PID system

- /K separation > 40 up to 2.5-3.0 GeV/c
TOF (BES-3): 30 at 0.9 GeV/c, DIRC (BaBar): 40 at 2.5 GeV/c
ASHIPH (KEDR): 40 at 1.5 GeV/c

- u/m suppression ~1/40 for to 0.5-1.2 GeV/c
- good u/m separation at low momentum

Several option are being considered: FARICH, ASHIPH, TOF



Logashenko Ivan

PID options

FARICH: focusing aerogel

O(10°) readout channels!
Test beam:
n/K:. 7.60 at 4 GeV/c
u/m:. 5.3c0 at 1 GeV/c

SCTF project at Novosibirsk

PMT

. WLS

ASHIPH: threshold Cherenkov
counter with WLS+PMT readout

Two n values
Low cost:

30000 readout channels
/K from 0.5 to 2 GeV/c
w/m from 0.4 to 0.9 GeV/c

dE/dx + TOF for lower momenta,
muon system for higher momenta

TOF (TOP) counters, g; = 30 ps:

n/K up to 2.5 GeV/c
w/m from 0.25 to 0.5 GeV/c
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Calorimeter

Baseline:
BELLE/BELLE-2-like electromagnetic crystal calorimeter

Scintillator:
CsI(TI) has large light yeild, “cheap”, very popular — but slow

LSO, LYSO, etc. — have large LY, very fast — but very expensive
(x10)

pure Csl —good compromise: reasonable LY, 30 ns component,
reasonable price

Other options being considered:
LXe calorimeter, combined LXe + pCsl calorimeter (CMD-3: LXe+CslI(Tl))
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Calorimeter: pCsl option

- 7424 crystals
5248 in barrel
2176 in endcap

- 5.5 x5.5x30(34) cm

- pCsl+WLS+4 APD
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Magnet

Two options considered:
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Muon system

- detect muons
- mult.scat. of O(1cm)

- u/m separation
- K; detection

Baseline option:
scintillator strips + WLS fiber +
SiPM
(BELLE-2, CMD-3)
8-9 layers inside iron yoke
~1500 m?

CMD-3
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DAQ and data analysis/storage

Online
DAQ components

Event size 30-50 kB

External

BINP users
HSErs Rate up to 300 kHz
External Internal Requirements
----- gateway |--------- gateway |---,
cufer |~ LongHerm storage Maximum input data rate:

— (tapes)

() Offline

10 GB/s

Detector

I

Total storage system
capacitance
~300 Pbytes

Virtualized computing
center

| Disk
Information <_’i storage

Simulation, Reconstruction,
Data analysis

A A A A A A A
VVYVYVYVYYY

system (DB)

Computing power
____________________________________________ ! ~1 Pflops

Main raw Inte.rnal _data Interngl
data flow migration connections
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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



Logashenko Ivan

SCTF project at Novosibirsk

Building the collaboration

Working groups

- Inner tracker

- Drift chamber

- PID

- Calorimeter

- Muon system

- Magnet

- Physics and simulations
- Computing

- DAQ and trigger

- Beam background
- Engineering

- International advisory
committee

- Dedicated international
workshops

- May 2018, BINP
- December 2018, Orsay
- November 2019, Moscow

Collaborators are very
welcome!
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Conclusion

- Super Charm-tau factory has rich physics program in
flavor physics

- SCTF is complementary to Belle-2 and LHCDb

- 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!



