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The SCT experiment

1.5 GeV e- FOle-
Conceptual design available } d

. 2.5 GeVe-

sct.inp.nsk.su 4

> Precision experiments with tau lepton and
1.5 GeV e+ &
charmed hadrons, and search for BSM phenomena o oR <€

= ?‘ﬁ'f 2 e
£ 7 <
» Electron-positron collider ol a&f >

0 50 m 100 m
1.5 GeV e- |

o Beam energy varying between 1.5 and 3.5 GeV

o Luminosity £ = 103° cm™?s™1 @ 2 GeV 15..3.5GeV e*e-

o Longitudinal polarization of the e~ beams

- SS3
> Universal particle detector b
_ 552 = Py

o Tracking system ss1

o Crystal electromagnetic calorimeter

o Particle identification system
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YHUKaNbHOCTb 04aPOBAHHOTO KBApPKa
D(ca)

(Tree) dhafm VIost qf the
0 0
Al decays smfev D
) KS KL Dz
quCTBMTeI'IbHOCTb K H(D, CBA3adaHHOU C BEPXHUMU KBAPKaAMU Vud Vus Vub

AVWHaMKUKa CUNBbHOTO B3aMMOAeVICTBMFI O04apOBaAHHOIO KBapKa — V d ub
— Cc CS (o

1. EAWHCTBEHHbIN TAXKENbIN 8EPXHUU KBAapPK, 0bpasyroLmm

NN0X0 paccumTbiBaeTca B KX/, VCKM

-0.02-0.015 -0.01-0.005 0 0.005 ON‘ %2 -1V tBS -6 -4{/{tl?’0/2 4 6 8 10
2. ManocTtb napameTpos ocumnnaumii D-me3oHos O(1072)

ps’
% 0
Bﬁ():s h @S
HabntopeHune ocumnnaummn D B 2012 roay Bas ¥ -
m,—m; I =
BaxkHa AMHaMMKa Ha DO/bLWINX PACCTOAHUAX 4 — — y=—
Hynb-Tect gna Bknagos H® B ocumnnaumnm r

Bd,H

-3 -2 -1 0 1 2 3 -15 -10 -5 [£7] 5 10 15

arXiv:1207.2195 [hep-ex]
3. Manoctb CP-HapylieHna B pacnagax o4apoBaHHOIO
kBapka 0(107%) 6 B

CP-HapyweHue B Yapme obHapyrkeHo B 2019 roay D “

MaTpuua cMeWwnBaHNA KBapKOB — NOYTK AENCTBUTEIbHAA ANA
NepBbIX ABYX NOKONEHUN

Hynb-Tect ans Bknagos HO 8 CP-HapyweHune




YHUKA/IbHOCTb T-1eNTOH3a

1. CambiM Ta)Kenbi NenToH

o [loTeHunanbHO b6onee 4yBCTBUTENEH K H®, yuem 91EKTPOH U MHOOH

Hadrons

2. EAaMHCTBEHHbIW NenToH, pacnaaaowmimnca B aapOoHbl

©) I'Ia6opaTopMﬂ AnAa nsydeHmna CMAbHOIo B33MMOA€V1CTBMH

o W3mepeHune pyHaameHTanbHbIX napametpos CM: ag, Vo, m; - vV,
JNlabopaTtopusa ana NnpoBepKU moaenu W e, 1
3ﬂ€KTpOCI1860I’O B3aMMO,£I,ef/'ICTBVIFI >

e’ u

o [lpeumsnoHHaa nposepka CM B N1enTOHHbIX pacnagos Tay

H’ 3 H

. JTabopaTtopua ana nomcka HO Ju\f< va<
o MNowncK HapyweHua CP-cummeTpum B pOXKAEHMN M B pacnagax Tay _
o [loucK pacnagos Tay € HapyLweHem NenTOHHOro apomarta
o [Mowuck 3apsrkeHHOro 6030Ha Xurrca u T.4.



[1nanasoH saHeprum CCTO

NoporoBoe poxXaeHne HepPenATUBUCTCKUX
g(ete™ — hadrons) yacTtuu, obecneymBaeT oNTUMAJIbHbIE YCNOBUA
ANA NX BCECTOPOHHErO N3y4YyeHUsn

R
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OyapoBaHHble aApPOHbI (6€3 IK30TUKM)
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D3nYecKan NporpaMmma

CCT® — s3KCnepMMEHT C LUMPOKOM MNPOrpammon NpeLm3mMoHHbIX U3MePEHU

N3mepeHune cunbHbIX Pas
aMmnauTyg, pacnagos D-me30HOB

N3mepeHne abcontoTHbIX
BEPOATHOCTEM pacnagos
NoncK peaKkux pacnanos R

04apOBaHHOrO KBapKa

v' CP-HapylueHue B yapme
v,
v’ TpeumsnoHHoe nsmepeHmne CBOMCTB
T N1enToHa
"Tposepka . v MNapameTpbl Muluens, nposepka
3/1eKTPOC/1ab0M IENTOHHOW YHUBEPCabHOCTH
MoAenm

v’ TpeumsnoHHoe nsmepeHme
aZlPOHHbIX Pacnafos T JIeNToHa

v TNowuck HapyweHna CP n T
CMMMETPUIN B pacnagax T

Heobxoanumo ana nsyyenua B
me30HOoB Ha LHCh u Belle Il

v
v
v

v

KXA, as, V<. NpoBepKa

sct.inp.nsk.su

®ur3mKa BO3OYKAEHHOTO
KBAapKOHMA

MoneKynsapHble COCTOAHUSA
MoporoBble B3anmoaencTens
6apnoHoB

MownckK rnobonos B pacnagax

JIpwi!

anekTpocnabon mogenm, NnonUckn

HECTAHAOAPTHbIX BK1a40B


https://sct.inp.nsk.su/

Ratodvesble npemmyulectsa CCTO

(nomMmMMo peKkopaHOM CBETUMOCTH)

1. lMoporosoe poxaeHue nap T-NenToHOB 2. [lpoponbHaa nonAapmlaumna 3/IeEKTPOHOB
M O4YaPOBAHHbIX a4POHOB B NMy4yke
O XopoLwo onpegeneHHoe HavyabHOe COCTOAHMNE O YnyyleHue 4yBCcTBUTENbHOCTM K CP-HapyLIEHUIO
o Manasa MHOXeCTBEHHOCTb YaCTML, KOHEYHOTO COCTOAHUA B IIPOLIeCCaX C 6ApHOHAMH U T-NENTOHOM
o JononHutenbHble KUHEeMATUYECKU OrpaHnYeHnA o UamepeHue yrna BanHbepra

3. PoxzaeHue KorepeHTHbIX nap D°D° 4. TonHaa PeKOHCTPYKLUA cobbITUIM

o MamepeHune napameTpoB ocumnnsumnii n CP- o BennkonenHoe nogasneHue dpoHa

HapymeHrsd C TOMOIbI0 YHAKaJIbHBIX METOANK o N3mepeHne abcosromHbix BEPOATHOCTEM

o N3amepeHue das amnantyg pacnaaos pacnaaoB 04apoBaHHbIX a4POHOB U T-IENTOHA



ete™ factories for flavor physics
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TONbKO 3apAXKeHHble YacTULLbl CKM a, 8 b — ulv v
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Experiments with charmed hadrons

-

CP symmetry tests

~

\_

/

'S S '» 'my ‘P Py 'Dy Dy Dy ¥
|||||||||
o L —/
25 V(4415)
=
sk B
%— U(3770)
3,50 Mn.(29) — —a—9
= SR
0
S
==
0 =g= IV

3,0
MNe
.........
K [ S R (A R e S B S /

/ Branching fractions and \
decay dynamics

/ Rare and forbidden decays\

/ Other experiments \

Lepton universality tests
Decays to invisible

. /
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(Semi-)leptonic Dy decays

gi

Vi

I'(D™ - lv) =ngmlmD 1_m2 [Veal
D

» Measurement of branching fractions : fp, V.4, V.

> Lepton universality test

Table 1: LFU test at BESIII with (semi)leptonic D decays.

R(D])  R(DM) R(K™) R(K?) R(m) R(7°)

SM 9.74(1) 2.66(1) 0.975(1)[31] 0.975(1)[31] 0.985(2)[31] 0.985(2) [31]
BESIII 9.98(52) 3.21(64)  0.978(14) 0.988(33) 0.922(37) 0.964(45)

Events /100 MeV
3
T

Fwit  (2013), 139
on% T

+ + + +.,
s 2TV, T W > e vV,
B -1
140 ]' Datal 0.6 (1)6
i - MC Total
1 MC Signal

[ ] MC Background (BG)
(777 MC D} - K{ e* v,

i iMCBGwoD;—Ketv,

_.
[\
o
—_—
——

-

o

[=]
|

|
T | CLEO-c, PRD 79
(2009), 052002

913 $671

300 T

% t Belle, JHEP 09
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Detailed study of the charmonium-like states

> Exiting QCD laboratory

> Cross sections to be measured

as function of v/s:
ete” » J/yntn~
o ete”™ - J/Yn°n®

(@)

o ete” > yYQRS)ntn~
o ete” - DD, D*D, ..

o ete” - DDy

o ete™ - DD(nn)

o ete” - DIDs

o ete™ -» DID; (nm)

o ete™ = A,

Events / 0.02 GeV/c?

Belle with ISR: PRL110, 252002 BESIIl at 4.260 GeV: PRL110, 252001
967 fb1 in 10 years running time 0.525 fb™' in one month running time

70F o . 1000 p
— i 24 .

60 : —Fit 3 80 K m ===+ Background fit
- — Background L1)] i

£ E_ i 3 PHSP MC

40F S 60-

301 > :

20514 { @ LA

b & 205

g :

37 88 89 4 41 42 A T T
Miax(m/y) (GeV/c?) Mpx(m2J/) (GeV/c?)

M = 3894.5+6.6+4.5 MeV M = 3899.0+3.6+4.9 MeV
[ =63+24+26 MeV I =46+10+20 MeV

159 + 49 events 307 + 48 events

>5.26 e >86

10 years vs. 0.1 year vs.
14



Tau lepton

Prog. Part. Nucl. Phys. 75 (2014) 41

T Physics

Decay

1

T Hadrons
T —
e, u —
V..V -

Production New Physics
W ffm< : gvv< :
€+ ?,'+ T+ 1_’?_

. Neutrino wv‘

- Physics -e« —n2e6s o

R >y Y

A. Pich T Physics 2
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Leptonic T decays

Michel parameters

dF(T;)
dQdx

> SCT with polarized electrons allows measurement the tau lepton Michel
parameters with precision better then that of Belle Il

Statistical uncertainty of parameter &, 10~

4.5 25
4.0 _(a) Sensitivity to Michel parameter &
35k 2.0
30k —&— Super Charm-Tau Factory

P SIERESpIpPIIR PR ——— 1.5
;-g " Belle 11

L 1.0
I.5F
1.0 B 0-5
0.5 F[Epifanov, Phys. Atom. Nucl. 83 (2020) 944]

0 0

0.1 0.20.3040.50.60.70.80.9 1.0

Degree of electron-beam polarization

2 1
< x(1 — x) +§p(4x2 —3x —x&) + nxo(1 — x) $§PT

Tau polarization

/ 2
cos ;¢ /xz—xg [1—x+§5<4x—4+ /1—x§>]

Statistical uncertainty of parameter &5, 107#

(b)

Sensitivity to Michel parameter £8

=&~ Super Charm-Tau Factory

Belle 11

0.1 0.20.3040.50.60.70.80.9 1.0
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Hadronic T decays

Spectral functions

dl(t” »hadv,)  Gf
d(phsp) B 4m,

> Measuring |Vud|: |Vus|; as(mr): and mg

[Vexm|? Ly HHY

> Testing the factorization of hadronic and leptonic
currents

> Testing conserved vector current

> Hadronic vacuum polarization in the non-
perturbative region

Second class currents
JPE = 0% (ap), 1% (by), ...
> Highly suppressed by isospin (T — n(’)nv, o)

(vy + 31)3(5)

[Rev.

— — :
. ’r_—)S_\.fT ALEPH -

= Kn ]

mm K2r

== K3+ K (MC)

1 K4rn (MC)

1 K5z (MC)

Mod. Phys. 78 (2006) 1043]
3T T T T T
_ i . T Vy ALEPH
25 o
r Sl g
5 A \ = 73, 2?t_fr+ﬂ0l(6ﬂ.)_
[ ¢ o, nrc_no, (KK(m))™
T s — QGD prediction
= H ----- parton model
't
05:_ ] 1 ,-_"___: JIf]
SE .
D_a’./-fl.....';' (I ey == PR IS A1 PR
0 05 1 1.5 2 2.5 3 35
s (GeV?)
14 T
r — QCD prediction ALEPH
1.2
[ ---e- Parton model A
1 = rend, 2n
C _ 1 (5m)”
| & 98] _ 1 (KKn)~
S o6 / s
F e 1‘f_ e () .\I
04 f H%'T’*%ﬂ
0.2 | aI -y ]
[y P _JI('.I‘u 1 | i | I |L II
0 05 1 1.5 2 2.5 3 35
s (GeV?)
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LFV and CPV with tau

= Uy ISR photon background [arXiv:1206.1909 [hep-ex]]
> Allowed in several BSM scenario, including SUSY, 1200 1 40 GeV 250 B 10.6 GeV
leptoquarks, technicolor, and extended Higgs models : ' Ff “HIHH
1000 4 200 Jin,
> 0(107?) — reachable upper limit at SCT for the 800 0 150 0
branching of T — uy s00 B TUOE Ty
_ . B 100 T
> Requires excellent r/u separation 400 ¢ o | ILM.‘N
200 E 20 { o ‘mﬁ:hnfkw
CP symmetry breaking Lo | e R R

b

~
S
b

m
BN
-

> CPV in tau production
[
Jem < FyyH + <2m F, + V5F3) o’ q,
T

o Current limit: |d;| <1071 e - cm

e yls ’7'\;
Beam polarization is essential S SN
o Tau EDM with polarized electrons: o(d,) ~ 1072 e - cm « for these measurements v
>

> CPV in tau decays (e.g., T = Kmv;) [PRD 51 (1995) 5996] ¢

18


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

Electroweak model SU(2); X U(1)y (Glashow, 1961)
A, = B] cos By, + W) sin Oy,
Z, = W, cos By, — By sin Oy,

The Weinberg angle

19



J /Y cross section asymmetry

> Interference between the ee™ — y*,Z — J /1 processes produces
left-right asymmetry of the total cross section

2 O, —O_ _ 3/8 — sin? O e my; ZP
= o, +0_  2sin2 0% (1 — sin2 05) \ mz °

ALR ~ 4.7 X 10_4Pe

o o4 (0_)isthe total ete™ — J /i cross section for right- (left-)handed

0.23

electrons @ g.,,.(APV) I :‘erse )
. . . 0005 & OZ ‘ ® LEP/SLD : ! ) .
o P, is the average electrons polarization, P, < 1 e i
a 101 n
. . o . . § o.gg;é ® v b
> Statistical precision with a one-year data set: LR —
10° 1072 107 1 10

o (Sin2 ngf)

. 2 C
sin® Og¢r

~ 03%, O'(Siﬂz ngf) ~ 5 X 10_4

> It tests weak interaction of the charm quark

> An opportunity to observe deviation of the sin? O ¢ from its value
at Z peak (test of the EW model)
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https://doi.org/10.1007/JHEP03(2020)076

DU3NYeCcKasa n

Ckopo Ha sct.inp.nsk.su

Dorpamma: obHosneHmne 2022

> 2021: = 40 cTpanuy,
> 2022: = 120 ctpaHuy,

> OKono 10 aKTMBHbIX aBTOPOB

n3 ®UAH n NAD

> PepaKTtopbl:

o [.B. Maxnosa (PUAH)
o A.E. BoHaapb (NAD)
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https://sct.inp.nsk.su/

PerynapHblie mexayHapoaHble COBELLAHUA C
obCcyXAeHMEM PU3NYECKOM MPOTrPaMMbl SKCNEPUMEHTA

Workshops on future super charm tau factories:
1. December 2017, Novosibirsk (link)
March 2018, Beijing (link)
May 2018, Novosibirsk (link)
December 2018, Orsay (link)
November 2019, Moscow (link) + 15t general WP5 meeting

November 2020, Hefei (online, link)

N o v o~ W N

November 2021, Novosibirsk (hybrid, link) as 5t general WP5 meeting

CREMLINplus WP5 meetings:
8. 2" general WP5 meeting, September 2020 (online, link)

. I S
HNHcTnTyT SigepHo

9. 3" general WP5 meeting, February 2021 (online, link)
10. 4th general WP5 meeting, July 2021 (online, link)
11. The SCT Partnership kick-off meeting, November 18, 2021 (link)



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/62
https://indico.inp.nsk.su/event/37/
https://indico.inp.nsk.su/event/44/
https://indico.inp.nsk.su/event/44/
https://indico.inp.nsk.su/event/64

The SCT Partnership (SCTP

2 = 3
Russian International

Spokesperson Spokesperson

- SCT Partnership

Ivan Logashenko Pavel Pakhlov
IB Chair Russian Spokesperson
A  Annex 1. The Partners
List of all Partners. To be updated each time a new Partner has joined.
Country Affiliation Lol signing
date
° . Germany Justus Liebig University (JLU) Giessen 2021.09.22
18 HOA 6 pﬂ 202 1 34 nyu'l'e HO rl C pTH € pCTBO’ B 3a'ﬂ'aq N KOTO po ro BXOAMT' Russia Novosibirsk State Technical University (NSTU) 2021.09.24
Russia Novosibirsk State University (NSU) 2021.10.11
1. nOArOTOBKa TEXHUYECKOTO NPOEKTa AETEKTOPA Russia P.N. Lebedev Physical Institute of Russian 2021.10.11
2. p o Academy of Science (LPI RAS)
. PasBsutne pusnyeckoi nporpammol aKCNEpUMEHT Russia Budker Institute of Nuclear Physics (BIND) 2021.10.13
o o Russia Lomonosov Moscow State University Skobeltsyn 2021.10.29
3. Pa3paboTKka npasun paboTbl gna byayuien noaHoueHHOM Konnabopauymm Institute of Nuclear Physics (SINP MSU)
Mexico Physics Department, Center for Research and Advanced | 2021.11.12
* sct.inp.nsk.su/partnership Studies (Cimvestar)
° > > International | Joint Institute for Nuclear Research (JINR) 2021.11.15
Russia Higher School of Economics (HSE) University 2021.11.15
Russia Institute of Nuclear and Radiation Physics (INRP) RFNC- | 2021.11.16
VNIIEF
Table 1: Updated on November 18, 2021.
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https://sct.inp.nsk.su/partnership

3aK/IKo4YeHme

1. [peun3noHHblie sKCNepMMeHTbl (a He sHepreTU4Yecknin npeaen)
byaeTt onpeaenATb akTyanbHOE COCTOSIHME GU3MKM YacTuL, B
banKanwmne gecaTmneTmsa

dusnyeckasa nporpamma CCTP — yHMKaNbHaA n pasHoobpa3Has

3. CCT® — nepBaa pabpuKa TAKENbIX apOMATOB C NONAPMN3OBAHHbIM
MYYKOM 3/IEKTPOHOB

4. Paszsutune pusmveckom nporpammbl CCTP — ecTecTBEHHbIN U
OpPraHM3aUMOHHO CaMbl NPOCTON cNocob coTpyaHNYECTBa
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Alexander Barni... VLIvanov

Thank you!

Yuriy Tikhonov

Alexander Barni...

Sergey Viktor Bobpdgni...




Backup



Branching upper limit

[Tpeumn3noHHOe U3MEPEHNE BEPOATHOCTEN pacnalos U

NMOUNCK 3allpelleHHbIX PaCliadoB D-me3oHoB

BepxHue npeaenbl Ha BEPOATHOCTH
3anpeLLeHHbIX pacnagos: NpAMoi nonck HP

10744 SCT@ 1 ab™}
e BaBar
. e CLEOC
10°7 o LHCD . i
° BESIII o
L[]
1079 %
L ] | ]
10—?_
1078 '
x, x x = * x - I
x/e' X e x e X e * e X e QB R
,é‘?’ . e 4./6 e e gew" Oc:./'
I O
O O Q2 O*‘J x 7 x 7

Absolute branching precision

1074+

10—5_

MpeyumsnoHHoe 3mepeHmne BEPOSTHOCTEMN
pacnanos

BESIIl @ 3.93 1/fb
SCT @ 1 1/ab

Process
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[Tonck peagkmx pacnaaos D-me30HOB

| ]
1074; SCT@ 1 ab!
. e Belle by ¢
E 10_5' ° BES”I i [ L) ¢ ¢
- e BaBar £ it ®
% e LHCb o o 4
g‘ 10794 Y 0 .
c
£
[
c
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m 1077
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N3ydyeHne HapyLleHKA
CP-cummeTpun B
pacnagax D-me30HoOB

EAVMHCTBEHHbIN 3KCNEPUMEHT,
4yBCTBUTENbHbIN ¢ CP-acummeTpun
B pacnagax D-me30HOB Ha ypOBHe
0(1073) 8 decaAmKax KOHEYHbIX
cocmosHuli, B TOM Yncne ¢
HeMTpPasibHbIMKM YacTULAMN B
KOHEYHOM COCTOSIHUM

CP asymmetry precision

1074

10—2_

1073_

10—4,

HFLAV 2021
SCTlab ! @ 3.77 GeV

10—1_

10—2,

CP asymmetry precision

HFLAV 2021
SCTlab™ ! @4.17 GeV




KAtoueBble 33434 — Ay4llasd MUPOBas

TOYHHOCTb

CuctemaTuyeckoe nsydyeHune HapyleHunsa CP-
CUMMETPUK B pacnagax D-me30oHoB

Vi « Wt
c s
K ¢ Veb Vi _u BcecTopoHHee ulyyeHme
WV‘LJF%‘?<§ W\/Mb 5 GeHOMEHONOTMN CUBHOTO
T 2 B3aMMOAENCTBUA B HenepTypbaTUBHOW
obnactum
c) Pentaquark H-dibaryon Tetraquark
@0 . .
[NpeynsnoHHOe nsyvyeHme J1IopeHLU-CTPYKTYypblI Qu s 0
CﬂaGO FO 3a pﬂ )KeHHOFO To Ka B pacna'ﬂlax T - lvv diquark-diquark-antiquark diquark-diquark-diquark diquark-diantiquark
Statistical uncertainty of parameter £5, 10~
2.5F d) Molecule Hybrid Glueball
(b) Sensitivity to Michel parameter £3 g
2.0F
—&~ Super Charm-Tau Factory ®n® W %
LS B o oG s s smis e i s s
Belle 11
1.0}
0.5+
O 1 1 I | 1 11 11 1 1 11 11 11 1)

0.1 0.20.3040.50.60.70.80.9 1.0
-beam polarization

[NoncK 3anpelleHHOro pacnaga v — ny

L

1200 F 4.0 GeV : 10.6 GeV
1000 | nMJnH
800 ‘
600 | Ry
400 :
200 F g =

0 A el (8 s o PV | L | | T PR I TR I (00 HI 1

“E4 o

N3mepeHune yrna BanHbepra — npeymnsmoHHan
NpPOBEepPKa aneKTpocnabon mogenm

0.245

— \k g =

023

sin0,,(Q)
\ .

® Q,(APY)  VaDIS
uaQ * NuTeV

0.225

|
|
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!
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T
|
L
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=
|
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Leptonic T decays

Tau polarization

dr(ﬁ)cx(l )+2 (4x2 -3 2) + nxo(1 )Trlp/e /2 211 +254 4+/1 2
J0dx x x 9,0 x x —xq5) +1xg X 3Tcos 1€ x4 — x4 X 3 X X

> SCT with polarized electrons allows measurement the tau lepton Michel E, my
parameters with precision better then that of Belle Il X

Michel parameters

Lepton universality test

— GTGlm‘E (mlz>
(™ - v l7v) = f s
v YT 19203 S \mz ) EW
B(r~ - Vrﬂ_Vu) 0.972564 + 0.000010 0.9796 + 0.0016 + 0.0036

B(t~ — v,e 7,) [BaBar, PRL 105 (2010) 051602]
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Ctatyc CtaHaapTHOM moaenn G3Y

* CraHpapTHaa moaenb (CM) — camas ycnewHaa ¢usnyeckasa Teopua Ha OaHHbIU MOMeEHM

* [paHuubl npumeHumoctn CM

* MNowuck Hosol pu3unkm (HP)

KannbpoBoyHble NONA: NEPEHOCHMKM B3aUMOAENCTBUIM I IT III

Mona MaTepUn: Tpn NOKOZ1IEHNA N1ENTOHOB U KBAPKOB

MexaHun3am Xurrca

Quarks

TemHaa matepuA

Macca HeNTpPUHO

bapnoHHasa acummeTtpua BceneHHOM

Mpobnema nepapxmin (noyemy 6030H Xurrca Takom Nerkmin?)

Leptons

3aragKka apomarta: noyemy Tpu nokonenms? 18 (25) napamertpos!

CM moKeT OKa3aTbCA HU3KO3HEepPreTUYHbIM NpnbanxkeHnem bonee obLLEN 1 KPAaCMBOM TEOPUM

Hawa 3aga4a — 06HapYXUTb ABNEHUS, KOTOPble OTKPOIOT AOPOTY K NOCTPOEeHMUIo 6bonee obuen
Teopum

Bosons

Mass (giga-electron-volts)

FERMIONS*

First Second Third
, | Generation Generation Generation

]

Top quark Higgs
z

¢ - @

w

10

10* Bottom quark

Charm quark

10° Tau

" Strange quark
107

Muon
Down quark

Up quark

Electron
107
SN T T MASSLESS
10 BOSONS

Muon-
neutrino Tau- ) Photon

107t Electron- J neutrino
neutrino . Gluon

10722
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IKCNEPUMMEHTbI C O4apPOBAHHbIMM a1 POHAMM

-

CP symmetry tests

~

\_

/

'S S '» 'my ‘P Py 'Dy Dy Dy ¥
|||||||||
o L —
2 V(4415)
R =t
sk B
%— U(3770)
3,50 Mn.(29) — —a—9
he 3 gy K
0
5 =
—=
0 =g= IV

3,0
MNe
.........
K [ S R (A R e S B S /

/ Branching fractions and \
decay dynamics

/ Rare and forbidden decays\

/ Other experiments \

Lepton universality tests
Decays to invisible

. /
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Leptonic T decays

Michel parameters

dF(T;)
dQdx

> SCT with polarized electrons allows measurement the tau lepton Michel
parameters with precision better then that of Belle Il

Statistical uncertainty of parameter &, 10~

4.5 25
4.0 _(a) Sensitivity to Michel parameter &
35k 2.0
30k —&— Super Charm-Tau Factory

P SIERESpIpPIIR PR ——— 1.5
;-g " Belle 11

L 1.0
I.5F
1.0 B 0-5
0.5 F[Epifanov, Phys. Atom. Nucl. 83 (2020) 944]

0 0

0.1 0.20.3040.50.60.70.80.9 1.0

Degree of electron-beam polarization

2 1
< x(1 — x) +§p(4x2 —3x —x&) + nxo(1 — x) $§PT

Tau polarization

/ 2
cos ;¢ /xz—xg [1—x+§5<4x—4+ /1—x§>]

Statistical uncertainty of parameter &5, 107#

(b)

Sensitivity to Michel parameter £8

=&~ Super Charm-Tau Factory

Belle 11

0.1 0.20.3040.50.60.70.80.9 1.0
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Leptonic T decays

Tau polarization

dr(ﬁ)cx(l )+2 (4x2 -3 2) + nxo(1 )Trlp/e /2 211 +254 4+/1 2
J0dx x x 9,0 x x —xq5) +1xg X 3Tcos 1€ x4 — x4 X 3 X X

> SCT with polarized electrons allows measurement the tau lepton Michel E, my
parameters with precision better then that of Belle Il X

Michel parameters

Lepton universality test

— GTGlm‘E (mlz>
(™ - v l7v) = f s
v YT 19203 S \mz ) EW
B(r~ - Vrﬂ_Vu) 0.972564 + 0.000010 0.9796 + 0.0016 + 0.0036

B(t~ — v,e 7,) [BaBar, PRL 105 (2010) 051602]

35



Release of the software framework for SCT detector

v The Aurora Software Framework v.1.0.0 is released

* The framework is essential for designing the detector and
studying the physics case

v The development was reported on the vCHEP21
conference. Proceedings are published

Simulation

Event Geant

generators simulation Digitization
4 =

Visualization Geometry

. . Conditions . ..
Calibrations . Visualization
database reconstruction

Analysis

Fig. 1. Main data flows and operations in the detector software.

Major achievement

EPJ Web of Conferences 251, 03017 (2021) https://doi.org/10.1051/epjcont/202125103017
CHEP 2021

doi.org/10.1051/epjcont/202125103017

Software framework for the Super Charm-Tau factory de-
tector project

Maria Belozyoroval'z. Dmitry Maksimov'-2, Georgiy Razuvaev'?, Andrey Sukharev'?, Vitaly
Vorobyevl’z, Anastasiia Zhadanl’z’*, and Daniil Zhadan'2-**

"Budker Institute of Nuclear Physics, 11, akademika Lavrentieva prospect, Novosibirsk, 630090, Russia
INovosibirsk State University, I, Pirogova street, Novosibirsk, 630090, Russia

/Work on the SCT\

detector software
is in progress.
There are still

many components

\to be implemented/
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https://doi.org/10.1051/epjconf/202125103017

Hadronic T decays

Spectral functions

dl(t” »hadv,)  Gf
d(phsp) B 4m,

> Measuring |Vud|: |Vus|; as(mr): and mg

[Vexm|? Ly HHY

> Testing the factorization of hadronic and leptonic
currents

> Testing conserved vector current

> Hadronic vacuum polarization in the non-
perturbative region

Second class currents
JPE = 0% (ap), 1% (by), ...
> Highly suppressed by isospin (T — n(’)nv, o)

(vy + 31)3(5)

[Rev.

— — :
. ’r_—)S_\.fT ALEPH -

= Kn ]

mm K2r

== K3+ K (MC)

1 K4rn (MC)

1 K5z (MC)

Mod. Phys. 78 (2006) 1043]
3T T T T T
_ i . T Vy ALEPH
25 o
r Sl g
5 A \ = 73, 2?t_fr+ﬂ0l(6ﬂ.)_
[ ¢ o, nrc_no, (KK(m))™
T s — QGD prediction
= H ----- parton model
't
05:_ ] 1 ,-_"___: JIf]
SE .
D_a’./-fl.....';' (I ey == PR IS A1 PR
0 05 1 1.5 2 2.5 3 35
s (GeV?)
14 T
r — QCD prediction ALEPH
1.2
[ ---e- Parton model A
1 = rend, 2n
C _ 1 (5m)”
| & 98] _ 1 (KKn)~
S o6 / s
F e 1‘f_ e () .\I
04 f H%'T’*%ﬂ
0.2 | aI -y ]
[y P _JI('.I‘u 1 | i | I |L II
0 05 1 1.5 2 2.5 3 35
s (GeV?)
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LFV and CPV with tau

= Uy ISR photon background [arXiv:1206.1909 [hep-ex]]
> Allowed in several BSM scenario, including SUSY, 1200 1 40 GeV 250 B 10.6 GeV
leptoquarks, technicolor, and extended Higgs models : ' Ff “HIHH
1000 4 200 Jin,
> 0(107?) — reachable upper limit at SCT for the 800 0 150 0
branching of T — uy s00 B TUOE Ty
_ . B 100 T
> Requires excellent r/u separation 400 ¢ o | ILM.‘N
200 E 20 { o ‘mﬁ:hnfkw
CP symmetry breaking Lo | e R R

b

~
S
b

m
BN
-

> CPV in tau production
[
Jem < FyyH + <2m F, + V5F3) o’ q,
T

o Current limit: |d;| <1071 e - cm

e yls ’7'\;
Beam polarization is essential S SN
o Tau EDM with polarized electrons: o(d,) ~ 1072 e - cm « for these measurements v
>

> CPV in tau decays (e.g., T = Kmv;) [PRD 51 (1995) 5996] ¢
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https://doi.org/10.1103/PhysRevD.51.5996

N3mepeHue yrna BanHbepra

> Interference between the ee™ — y*,Z — J /1 processes produces
left-right asymmetry of the total cross section

.. 2 nC 2
P o 3/8 — sin® O (m]/¢> p O —
LR = = : : e >
2 NncC _ 2 NncC .
04 +to- 2sin Heff 1 Sin Heff) mz 5 0.24—
~ _4‘
Aip =47 X107*P, - .
o o4 (0_)isthe total ete™ — J /i cross section for right- (left-)handed -
electrons o T
) ) ) 0.205|4.%%.... .LE]P/SLD ‘ i | - |
o P, is the average electrons polarization, P, < 1 g pET e
o . . . % ;-gjg B : b4 o
> Statistical precision with a one-year data set: LR —
10° 1072 107 1 10

o (Sin2 ngf)

. 2 C
sin® Og¢r

~ 03%, O'(Siﬂz ngf) ~ 5 X 10_4

> It tests weak interaction of the charm quark

> An opportunity to observe deviation of the sin? O ¢ from its value
at Z peak (test of the EW model)
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https://doi.org/10.1007/JHEP03(2020)076

®-factories
1-2 GeV
DAFNE (Italy)
VEPP-2000 (BINP)

The factory colliders

three generations of matter
(fermions)

~172.44 GeV/c*
|
D /3 y 2/3

- @

1 =95 Mev/c? s 1scevc

-1/3 y
- @

strange

photon

. 0.511MeV/c? | | =10567MeVic | | PN

ct-factories » g |- g -
3.7 GeV - @ [ @Y . @
i /GW muon Z boson

<2.2 eV/c? <1.7 MeV/c? | <15.5MeVjc? b (=80.39 GeV/c?

SCT, HIEPA g 0 : i 0 j c‘ X 0 : \ +1
<100 2O @ | ® | @
& electron muon tau W boson

_ . neutrino J{ neutrino J{ neutrino |

~125.09 GeV/c?

0

.
Higgs

——

B-factories
10 GeV
PEP-2 (USA)
KEK-B (Japan)
Super KEK-B (Japan)
LHCb (CERN)
x50

GAUGE BOSONS

completed in operation being designed

Z-factories
Higgs-factories
45-175 GeV
LEP/LEP-2 (CERN)
FCC-ee (CERN)
CEPC (China)
x10000
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(Semi-)leptonic Dy decays

gi

Vi

I'(D™ - lv) =ngmlmD 1_m2 [Veal
D

» Measurement of branching fractions : fp, V.4, V.

> Lepton universality test

Table 1: LFU test at BESIII with (semi)leptonic D decays.

R(D])  R(DM) R(K™) R(K?) R(m) R(7°)

SM 9.74(1) 2.66(1) 0.975(1)[31] 0.975(1)[31] 0.985(2)[31] 0.985(2) [31]
BESIII 9.98(52) 3.21(64)  0.978(14) 0.988(33) 0.922(37) 0.964(45)

Events /100 MeV
3
T

Fwit  (2013), 139
on% T

+ + + +.,
s 2TV, T W > e vV,
B -1
140 ]' Datal 0.6 (1)6
i - MC Total
1 MC Signal

[ ] MC Background (BG)
(777 MC D} - K{ e* v,

i iMCBGwoD;—Ketv,

_.
[\
o
—_—
——

-

o

[=]
|

|
T | CLEO-c, PRD 79
(2009), 052002

913 $671

300 T

% t Belle, JHEP 09
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Detailed study of the charmonium-like states

> Exiting QCD laboratory Belle with ISR: PRL110, 252002 BESIII at 4.260 GeV: PRL110, 252001
967 fb' in 10 years running time 0.525 fb-' in one month running time

. b 70F
0Ly 60}
.
2

> Cross sections to be measured

+ 1001'__ —4- Data '
1 data | P p
as function of +/s: o +e % f ( —Taan
S"‘ i = 80 I ) -=++ Background fit
—_ — [}] F — Background foh] C - .
N e+e —)]/1/)7'[ T 0] 50:— e PHSP MC 0 r P.HSPI'\.I'IC
ol - -— - [ siceband
+ - 0.0 o 40 o 60— '}
o eTe” »J/Yn'n S .- S |
+,— +. - L g b1t @ 40 s
o eTeT > YRS S 20f c [ Ty
I.I>J LE 20 ] 7

10,

o ete” - DD, D*D, ..

. O ....|....I....I...--. 0 5 : P Mg | e [ 2 3
+ - 3.7 3.8 3.9 4 4.1 4.2 3.7 3.8 3.9 4.0
vee - Dey CI Mmax(m‘]"’w) (Gev_fc?) Mmax(xidlw) [Gev}’cz)
+ —_
o eTe” - DD(nm) (®) « M=38945+6.6+45MeV + M=3899.0+3.6+4.9 MeV

o ete” - DIDs

o ete™ -» DID; (nm)
o ete™ = A, 0

[ = 63+24+26 MeV ' =46+10+20 MeV
159 + 49 events 307 + 48 events
>5.26 + >86

10 years vs. 0.1 year vs.
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CPV in charm

> Measurement of CP asymmetries in decays of D?,

* *
i = c V. s c d
D*, D at the precision level of ~ 107* - <
> Advantage of full event reconstruction 1;% V;i%q<§
o Coherent D°DY pairs Vud = DCS Vs =
N T M g roer ey Rl e wvony p [ v R ) m—
L it 3000 [l E | 000
o [I ] I [ |1. |l Cc Vcs_ S C C)E Vub u
i e L 1T |
I 1 1 i | |
10000 | 1000F | 3 ! 1000 | — —
S wjprserh ILadL *prien § i T SCS Vs SCS b
é a0} jl o i ] “
S 2t
- 200 1f \
w ] EDP— 1y, ] _
R AMep = (—15.4 + 2.9) x 10~* %
) ] 0 +p -
_ w?’wﬁ‘ | , D" - h"h 2019
.87 1.85% ?.!3 : '|.IBEI : IAJ’ 1.35 ?B.] I 1.;-5 I I.rﬁ I 1.89 'il.!a " 'i.:.ﬁ ] 1.‘!? I I.H

M.. (GeV) long-distance dynamics is important in charm decays:

CLEOc 0.818 fb~! @ 3774 MeV [PRD 81, 052013 (2010)] re-scattering leads to the complex connection; t_)etween
the worlds of hadrons and quarks [I. Bigi] 43



The use of coherent D°DY pairs

* A pair of neutral D mesons produced at threshold * Measuring charm mixing with quantum correlations
carries photon quantum numbers J7¢ = 17 o Charm mixing cancels at first order for the coherent
Ypp « DYD; + CDD?, €=-1 decays
* The interference term gives access to the phase iy o 1Dz} 1D1) = €iID1){ID)* + 0 (%, y%)
difference between D° and D° decay amplitudes o Charm mixing contributes to non-coherent time-
Sy = arg (CA(DO ” K_n+)> ¥ ijiglrlj;fl?j(clfeiaysRe/l — xIma¢) + O(x?,y?)
A(D°® - K~ntt) i f f ,
o Coherence factors and CP content of multibody * Several unique techniques to measure charm
decay amplitudes mixing and CP violation in charm based on this
o Phases of the D° - Kdm*n~ phenomenology

* Access to the C = +1 state withete™ - DOD%

Essential input for B factories and LHCb o Charm mixing contribution is doubled instead of

being cancelled!
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Tau lepton

A. Pich

Prog. Part. Nucl. Phys. 75 (2014) 41

T Physics

Hadrons

New Physics

T vV,

. Neutrino Wv‘

- Physics -e« —n2e6s o

T R >y Y

T Physics 2
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Charm mixing

Coherent D°D? pair decays

Measuring charm mixing with combination of .. . . . .
° ° [, ) o (iDL YGID1) — (EID)GID)I? + O (x2,y%)

coherent and incoherent D° decays

TABLE III. D final states reconstructed in this analysis. [1]

> CLEO-c[1]: 0.82 fb~! @ y(3770)

Type Reconstruction Final states
o Joint analysis of 261 processes h Full K-7". Yo — Y5
o First measurement of sin 6, f Full K m™,Y,— Y,
y=(424+20+1.0)% A\ Full K*K~, ot , Kin' 7"
Ry = (0.533 + 0.107 + 0.045)% Sy Partial K} 7', Kin, Kjo
cos 8, = +0.81 + 0.22 4+ 0.07 S Full Kym', Kym, Kgw
sin g, = —0.01 + 0.41 + 0.04 S_ Partial K} 7070

' Partial Ke'v, K u'v,

— . _|_ [ + —_ -
[1] Phys. Rev. D86 (2012) 112001 ¢ Partial Ke Ve, K71 vy
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JHEP 2020, 76 (2020)

A formfactors

_slaf - ami oy Mzarg(g),

2 2’ P
s |Gl\1/,f| + 4m% |G;:p| Gy
> CP asymmetryin A —» p™:
aq + a
a, — ay

<5x%x10°°

AA =
o SM limit:
Ay S5%x107°

o Expected precision:
g(4)) =1.2x107%

“ SCT one-year o (10™%)

P, a A® (rad) a;
5DP, =0 Fixed 1.5 3.1 2.8
5DP, =0.8 1.3 1.2 1.6 0.9

3DP, =0.8 4.3 1.2 2.4 3.4
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Charm decay rates

Time-dependent

D*t - D, B — DX, ete”™ - cc - DDX, pp = ccX LHCb: (¥B)p > 1
(FIH|DO(t))|? = e‘rt|ﬂf|2[1 —(y ReAs + x Im/lf)Ft] + 0(x?,vy2) B factory: (yB)p ~ 1
I{fIH|D%)|? o |c/zf|2(1 — y Reds — x ImAs) + O(x2,y?) c-t factory: (yf)p < 1

il

Time-integrated

Coherent (at rest)

ete™ » pMWODWO  ¢c4:p°D%,  €—:D°D°(n?)
(ij|3|DOD®) o< (i|F|D°)|F|DO) + C(i|FIDOWIF|DO)

(i 12€1DOD0) 2 o |oAy 2] eA;|*[I2e]? + (1 + €) (x Im(E5de) — y Re(€5de))] + 02, ¥2)

p p
o = 5(1 + CAidy), (e = E(Aj + CA)
48



Model-independent Dalitz analysis

Charm mixing measurement using D% — K£n+n_
ete” - 1(4040) - DD*
» CoherentC = —1: D’D*® - D°DOx?
M;; = K;K_j + K_;K; — 2\/Ki1<_j1<_i1<j(cicj +5;5;)
> CoherentC = +1: D°D*% - DODO%

2
g

(GeVa/ch)
i n
n o
B

2

m

M} = K;K_; + K_;K; — 2\/Ki1<_j1<_i1<j(cicj +5;5;) osl U CLEO-c [3]
%8 T8 T8 20 28 80 B )
+2]<j1/KiK—i(yCi — XSL) + ZK—jWIKiK—i(yCi <+ XSL') m? (GeV?/c?) i L T. . |9| Ipe? — il
-1.0 -0.5 0 C 05 1.0 1.5
+2K; |[KiK_;(vC — xS;) + 2K_; [K;K_;(vC; + xS;) ‘
> Incoherent D"D** — D~ D%n* fDicAchlﬁ dm?2dm?
Z; =
K/ =K; +K,K_;(yC; + xS;) L
l l T L \/fD_IﬂDIdeide - [, |Ap12dm5 dm?2
[1] Phys. Rev. D68, 054018 (2003) ‘ ‘
[2] Phys. Rev. D82, 034033 (2010) C; =ReZ; S;=ImZ;

[3] Phys. Rev. D82, 112006 (2010)

[4] JHEP 04 (2016) 033
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Model-independent Dalitz analysis

Charm mixing measurement using D% — K£n+n_

A4280910-001

3.0r

2.5j

> Time-dependent analysis: [1,2] & ok

Pp(t, i) o« e T [K; — Tt JKK_;(Ciy + S;x)] .|

Po(t, i) < e Tt [K_; — Tt /K;K_;(C;y — S;x)] E |

» C;and S; are measured at threshold [3] i
> x and y are the charm mixing parameters L R ‘2‘(.6‘ ‘V‘/z.')o' s f :f}"m

m% (GeV?/ct Ll L

c

> LHCb[4]: 1.0fb~ '@ 7 TeV,D** - D%+, D% - Kon*m™

x = (—0.86  0.53 + 0.17)% E Eiﬁ@ , Jp; AbAp dmidm?
= (+0.03 £ 0.46 + 0.13)% L=
v = )% \/fDl_IcADIde_zl_de - fDilﬂﬁlzdmide

[1] Phys. Rev. D68, 054018 (2003)
[2] Phys. Rev. D82, 034033 (2010) C; =ReZ; S;=ImZ;
[3] Phys. Rev. D82, 112006 (2010)
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> The SCT physics potential is reflected in Physics
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