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The SCT experiment

1.5GeV e- ke
> Super charm-tau factory is e+e- collider, dedicated to CDR
precision study of properties of charm-quark, 7- { ctd.inp.nsk.su J 2o e
lepton, study of strong interactions, search of BSM
hvsi 1.5 GeV e+ Q,g—)"’
pnysics e+ DR o, A7 Q@;o*
o Beam energy from 1.5 (1.0) to 3.5 GeV X i s &
L 5 5 —1 Moo 50m  100m
o Luminosity L = 103> cm™?s™! @ 2 GeV 1.5 GeV e- gz | | o
o Longitudinal polarization of the e~ beams
1..3 GeV e-e+
» Experiments will be conducted using state-of- the-art
general purpose detector DWW, : 553
o Tracking (including low p;) \\‘;7":\ -
o $S2 < P — S
o Calorimetry (high resolution, fast, ™ /y sep. ) SS1

o PID system:
o ™/x—separation up to 3.5 GeV/c

o "/x—separation up to 1.5 GeV/c
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https://ctd.inp.nsk.su/c-tau/

The SCT energy range

o(eTe™ - hadrons)

Threshold production of nonrelativistic particles provides

R = o,(ete™ - utu~) best conditions for their comprehensive study
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SCT Physics in a nutshell

Input for B meson studies at LHCb

v' Measurement of the strong
phases of D decay amplitudes

v" Measurement of absolute
branching fractions
v Searches for rare and forbidden R

o

decays of the charm quark

AN

Test of the
electroweak sector
of the SM

CP violation in charm

Precision measurement of the T
lepton properties

Michel parameters, tests of
lepton universality

Precision measurement of
hadronic T decays

Search for CP and T violation in
T decays

and Belle Il

v
v
v

v

QCD, ag, V5. Test of the

Physics of highly-excited
guarkonium

Molecular states

Baryon interaction at threshold
Search for glueballs in decays of

J/¥ and (25)

electroweak model, searches for

non-standard contributions



Bt - hihjh3 b-s/dy b—-ulv
Only charged particles g0 ixing CKM a, 5 Vb V.
in the final state et
and lifetime :
Bs  Ap ) OCPV in 7 lifetime B - D%tv Y(65)
D’ > e D° - h*th™
Y S . B KOKOKO
g BO B2 mixing B - K™l — s s Y(55)
s, 7 HE and lifetime B — D*1v B - Ko7'y
B® > up +.o— 0
T = pup B->K'nm B - hvv, v
D® > up Charm spectroscopy

SUSY,

X(3872) » J/ymm % Doy
Clear BSM

Charm mixing T — hadrons
Clear BSM
. Neutral particlesin T = [vv
D - invisible -
‘ Touy  SiNBy  the final state
Dark matter
Model-independent D — Kdn*tm™ Z:(3900) - J /i

Absolute branching fractions

Charged Higgs

Quantum correlated D°D°

CPV in charm Okn Vea  Polarized beam
W ]/ W(e@) = Ws2:, of 1 = hadrons




On some accelerator R&Ds progress



“Reliable” parameters of the collider

E(MeV) 1500 | 2000 | 2500 | 3000 | 3500
935.874
Frr(MHz) 350 2022
260(mrad) 60 — Reliable structure of the collider
Bx/By (mm) 100/1 was developed
&y /(%) 10 0.5 0.5 0.5 0.5 — Touschek lifetime ~300 s
—J = -~ . 35 2.1
(A)/ N, 29/941 1.64/983 25/983 2.7/983 29/974 =03 = 10-10%cm™s
U, (keV) 91 288 504 820 1266
Ver(kV) 750 2000 3000 3900 5000
0.0108 0.0152 0.0166 0.0172 0.018
Spr(%) 1.3 1.83 1.97 1.97 1.98
PRSUER YO 0.27/09  036/1.1 0.5/1.2 0.5/1.2 0.6/1.3
o;(mm) (SR/IBS+WG) 3.6/17 4.7/15 6/14 7/14 8/14 it is necessary to check IBS and
Ly-%1073%(cm™2%s71) 0.29 0.4 1 1 1 simulation
0.003/0.03 0.002/0.06 0.002/0.08 0.002/0.065 0.002/0.05 — Possibility of prototyping is
304 304 302 560 1100 ~considerednow
12000 5000 3000 3200 3500
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SC FF lens with cryogenic system skectch

CMN marHuTbl GUHaNbHOTO
¢dokyca

Final Focus lens prototyping

bnok TokoBBOAOB

lenveBana EMKOCTb

Kpuocrar

KpuoreHHbI Tpybonposog,

Concept design of SC FF lens
Direct Double Helical (DDH) technology

2 concentric coil at 2 cylinders

UCAS, 22 Aug. 2023, Beijing

2022:

* Cryogenic system for FF lens s

designed

* Project of SC FF lenses:
* Compensated coil
e Screen coil
e SC coils production technology
* Thermal loads calculation
» Safety system
* Coil holders calculation
* Magnetic fields of FF lens calculation
* First prototype of FF lens is under production

* Testbench for magnetic measurements with
FF lens is prepare

* Procedure of mechanical uncertainties
measurements with high accuracy

(~50 um) for FF lens assemblage is
considered

=

Production and magnetic tests are
expected until the end of 2023




Electric field (MV/m)

Transverse Emittance

Electron RF gun
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e T mrad mamn

100 o....I-...l....l....l-...l....I.n..
75 — MVIm L, 0.1 0.2 0.3 0.4 0.5 0.6 0.7
— T
50 /|: <~ m
01 = )

2 = Field at cathode | 80 MV/m
g 0z Bunch charge 1.5 nC
-25 c

()
. 0t o Beam energy 3.5 MeV
-7 0.2

T * Production and first test until the end of 2023!
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On some detector R&Ds progress



Detector concept

Momentum resolution g, < 0.4% at 1GelV /c
Muon system and yoke

Very symmetric and hermetic
Able to detect soft tracks (p; = 50 MeV /c)

o Inner tracker should be able to handle 104 tracks/cm2s

Very good PID: u/mt/K

Superconducting coil

Calorimeter

Main tracker

jﬂ o m/K upto 3.5 GeV/c, e.g. for DD mixing
. o u/muptol1.5GeV/c,e.g fort = uy search
» o dE /dx better than 7% for PID below 0.6 GeV/c
10 Able to detect y from 10 MeV to 3.5 GeV, good ¥/
‘o Inner tracker Y separation
. PID system o Calorimeter energy resolution oy < 1.8% at 1 GeV

. o Calorimeter time resolution g, < 1 ns
10 Beam pipe

Efficient “soft” trigger

Mo 10 20 X?»b 1050 60 Ability to operate at high luminosity, up to 300 kHz at J /i

UCAS, 22 Aug. 2023, Beijing 12



TPC with readout based on GEM

Flange for the end-cap detector P rparis bravua (wenworpada)
o o_gI [8) \ o o
°F - ° | IT prototype based on TPC-GEM
Resistive o ¥ FEE o project:
pRolvies N . ) * Investigate different gas mixtures
T | reedasse e Test various MPGD options for
et o 1= ’OL o [ S E—— readout (GEM + muRWELL or
/—~ GEM + Thick RWELL),
Sketch of readout PCB- * To compare different options of RO
25 pads 4x4 mm? electronics
e Ok 500 Vi  Some nodes of prototype still are
—— Ar+15% iC H,_+40% CF,, 1000 V/cm v under production
Gas volume with HV divider 1 o e ) }
: * Dependence of spatial resolution on
Plans: s RO  structure pixel size 1s
2023: E investigated with help of
° f L : ______‘____/ . . . .
2024.Pr°t°type Rlocistiel s —T calculations. Optimal pixel size for
te Toaprrh e several gas mixtures is 0.7+1.0 mm.
e Tests with prototype 1 2 —_—
e Full simulation package for IT based on HE e
TPC-GEM " Pad size, mm 1

13
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Drift Chamber with hexogonal cells

Characte- Detector
ristics CLEOIII BaBar BESIII Bellell SCTF
B, T 1.5 1.5 1.0 1.5 1.5
Necells 9796 7104 6796 14336 10903
Shape Square Hex. Square Square Hex.
Anode
wire W 20 W 20 W 25 W 30 W-Re(3 %) 25
d, mkm
Field
wire Al 110 Al 120 Al 110 Al 126 Al 100, 125
d, mkm
Size 12 x 12 7TXT7
mm X mm 14 x 14 18 X 12 16 x 16 10 x 10 ~ 14 x 14
Gas HC/C3H8 HC/’I:C4H10 H6/03H8 HC/CQHG He/CgHg
mixture 60/40 80/20 60/40 50/50 60/40
Vinode: B 1900 1930 2200 2300 ~ 2000
T/D,
ns/mm ~ 300/7 ~ 500/9 ~ 350/8 ~ 350/8 ~ 350/7
op/pr Yo 0.32 0.48 0.5 - ~ 0.35
OdE /dx» % 5.7 7.5 6.0 ~ 6 ~ 6.9
o, pm 110 120 120 ~ 100 ~ 100

UCAS, 22 Aug. 2023, Beijing
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LARGE
PROTOTYPE

DC prototypes

SMALL PROTOTYPE ,.

AOuameTp 278 Mmm
OnnHa 2 000 mm
3 cynepcnoga: A-UV-A
156 aueek

Small prototype:

Large prototype:

Diameter — 70 mm
Length — 300 mm * Diameter—278 mm

e Length—-2000 mm
7 hexagonal cells * 3 superlayers: A-UV-A
Launched in operation in 2022 * 156 hexagonal clls

* Designis developed

* Production in 2023-2024.

UCAS, 22 Aug. 2023, Beijing ~



Spatial resolution measurements with small prototype

Total resolution = 1 A HC/C H E i2f A He/CSHg
) L ~— PO Cluster effect EEl 3448 = F
= wk A Experiment E B Constant = b - msE- ° He/C2H6
3 P = Mo Diffusion component S E ) [ ] He/CZHG o o~ |
:’ 120~ ®  Simulation S raf — - Edge effects 1of- I N

S0 ' T 80 A . . . . L1

D: —— — ——5 — l o L R lRO'S [cm] ) " " - Rov.s[cm] 2 4 s 8 mGain 10¢
R, [em] ' - . i o £ The average spatial resolution for
o t t i
Full spatial resolution for He/C3H8 mixture Contribution rzi;;auc;?oﬁomponent to H:/SCF’);}Z ::iijojl-jlfl;;ncgilrzp:tn;?nl()?lr He/C3Hg and I—gI:S/(gZ:;ISG at the different
— For He/CqHg:

0(r) = \/Oa + Odif + Ocdge + 00 3Hg |
v f g & =109 £ 12 pm at 2 - 104 For He/CoHg:

Cer off o - & =100 +8 um at 3-10% 5=99+6 pum at 5-10%

o, - cluster e eCt'badif -fdl usTn component, Tedge - edge effects, o G—95+9 umat 5 104 G=95+8 umat 7- 104

- constant (contributions from electronics, wire arrangements, pressure, B —
( o temperatulre) " : e 0c=8*8pumat7: 10 ¢ =90+7 pm at 10°
& =87 47 um at 10°

Target spatial resolution is achivable in our DC design!!!

UCAS, 22 Aug. 2023, Beijing 16



Magnetron sputtering setup

» Stable procedure of sputtering for
Ni, Ag (or Au) 40 n 50 um at wires
(Al) was found:

e thickness—upto 70 Hm
* speed—4 m/min.

S — * Auspends —10+15 g/km for 10 nm
O s i et i e thick layer, but recycling of some
o5k o amount of Au is possible
°oF  There are no overheating and
E mechanical properties changes
N T PRI o | R S effects after sputtering process
- n_m,w.—.:: ;e P B Y P | L !- ' " L P S . .
R G P v AP S SR B S B  The cover provide easy soldering
Ll N 3 b process and suppress SEE from
Q@O Wovkcamern €' 1| R cathode wire surface
" X 0.6 I ) - -
— 1 T I sy o |+ About 600 m Aluminum wires with
i N o o s ¢4 um and ¢50 um were covered
: AEds O AR I, s R and delivered to Italy to be tested
{’ar;oﬂttype o 100umMoAu E T A N S A S SO S by MEG2 experiment group
° 100 umAI5056( AI5056’INiIAg‘ 5 L Cathode wirei"2": AI5056/Ni/Ag
e 100 um Mo/Au a I g
m Cathodes < 5 100 um AIS06/Ni/Au osf T Leak = : thod -
radiation o R 06 e T SR €akage ~current —of  cathode  wire
o um I/Au = ; ‘ . .
- ; ’ irradiated b from >5Fe (E_,.,=const;
R (cathodes) = 10 Shields  © 150 um Ti/CuAu 0'45_ ............................................................................. MW .......... £ =Var) YvY ( cath
R(shields) = 20 mm 0.2 - ey s
UCAS, 22 Aug. 2023, Beijing O o060 500000200 1400805~

Time, s



Prototype of pureCsl-calorimeter

b Sompeund i NOL-9) 4 APDs TBeam June 2023 at the BINP:
Hamamatsu
S8664—55 CBS gammas were used for energy

resolution calibration:

Two laser modes:
527 nm & 1064 nm

Csl (pure) . Five beam energies:
crystal 1.9, 2.5, 4.5, 4.75 GeV

Eight CBS edges for calibration:
64, 111, 225, 361, 402, 441, 730, 812 MeV

]

PMMA with NOL-9

o

O
@ 7
&

Hamamatsu
APD S8664-55

pCsl calorimeter concept

UCAS, 22 Aug. 2023, Beijing h ‘ ‘ 18



pureCsl-calorimeter protype: beam test results

10p
T
_ 7 Stat = 0.63%
& Of
<R | Elec=0.54%
3f L
3 : %|
2: Only Ieakagef | ) L o
1t ) Lealﬂage e A * The resjults are still preliminary!!!
00203 04 05 05 07 05 09 1 e Some improvement are expected
OEE“ergy [(ieg % Stat Elec after fine calibration procedures
= S S
E YE[Gev] VE|[GeV] E[GeV]
= F=1.69%0.04
Stat =100 %- SN __ =42 ph.el./MeV
¢ ° \/s[ ph.e/MeVIN 1000 a2 or o
ENE|[MeV |-\ N crys NCrys = 10 — number of crystals

Elec=100%:-

1000 in the 1 GeV cluster



Muon system: scintillator with

Mirror

AURORA framework.

SW for simulation:
MU system totally implemented in

g

WLS fibers and SiPMs

1ayer 2 B o, S 5
layer 3
layer 4
layer 5
layer 6
layer 7
layer 8

Phbbb

We need to find new modern solution to realized this concept:

Scintillators — ?
WLS fibers — ?
SiPM - ?

Plans:

UCAS, 22 Aug. 2023, Beijing




Magnetic system

oo
77_’
=) \
2022 : | SC cables designed for PANDA
. Desien is well done: - i Several meters were produced and tested
¢ : ' : oy [+ Technology of long strands (>1 km) production are
* Three coils made solenoid - Sl
. S ts h hold Il under development
C:F;?cz[):’s angs, NOAELs, B | * We have enough high purity Al for SCTF magnet
. Mai yl lati " ¢ 4 - } | production (2x3.5 km & 1x1.5 km of cables)
ain caicUIations are pertforme ﬁ‘ e The similar cables will be used in SPD (NICA) project.
* Magnetic fields =|
* Mechanical loads II

N UCAS, 22 Aug. 2023, Beijing 21

3 0k = x5 & & B ¥ 8



Soft Ware for the project

SW is available now for users of BINP clusters and as an image of virtual PC for external users

Aurora Framefork
Release 2.1.0 (December 2022):

Blocks interaction, system of configuration
and linking

Event generators

Geometry description (DD4Hep)
Digitization

Reconstruction

Parametric simulation

Instrumentation (visualization, tests,..) )
Detector WEB display:

e Detector cross-section
e Hits in MU system

UCAS, 22 Aug. 2023, Beijing 22



FARICH — 19 years of R&Ds (since 2004)
and only 12 for SCTF project (since 2011)



Increase N, due thickness increase without og. degradation

T.lijima et al., NIM A548 (2005) 383 and A.Yu.Barnyakov et al., NIM A553 (2005) 70

7/K separation

16

AYu. Barnyakov, et al., NIM A 732 (2013) 352

The first 4-layer monolithic sample

103)2333q uojoyd

20042005

FARICH technige

_Radiator side and photon detector side were combined in Aug. 2017. 5§~ ‘

2017

P=1GeVic

14
12f

1of

@ Experiment

B WC simualtion

(O Focusing DIRC (SuperB)

P P

16000 — —]
~ .

e , -

14000 “ T
o (R

O A v

12000 }- Oy L—
- o=

L. wa o

. e

10000 = - ol L0
- -

- -

a0

Jom

2000

1

5.5
Momentum, GeV/c

6

-
o8 0 75
ning radius, mm

2

1
& 45 S0 55

Two 4-layer focusing aerogel blocks
230x230x35 mm
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The largest 4- Iayers focusmg aerogel samples

Aerogel

Calorimeter l l I’~ W
Aerogel
GEM GEM GEM \l

MaPMTH12700 — 2 aerogel pcs I
(Hamamatsu) 230x230x35 mm |

with mask 3x3 mm?2

Refractive index profile is measured with
help of didgital X-ray setup at the BINP.

51.054
£1.052 L..=60 Mm
§105-====-
ot il - 1.048 n,=1.0465 +
“ig p ., Am - g y: 1.046 —+‘—***—+**'+‘ it {
; g /= L e 1.044E Wpa_giiz\(\njl_ ----- +
Single photon Cherenkov angle resolution is investigated with 1‘042_ - nEi0d01. - === = =
relativistic electrons at BINP beam test facilities ”Extracted beams of M4 ey =0.199 /s = +~—'5=139(L
VEPP-4M complex”. RS e s

UCAS, 22 Aug. 2023, Beijing



Pixel 6x6 mm
Geom.Eff. ~ 80%

Pixel 3x3 mm
Geom.Eff. ~ 20%

Beam test

Hitmap with ROI
100 En:;““;‘:“s
I Meanx -19.27
Meany 1892
o |RMSx 3384
501= RMSy 4396
£
£
>
-50
10 o0
hitmap
100 Entries 101570
Meanx -18.38
Meany 1417
RMSx 3317
50 RMSy 435
£
Eo
>
-50
_10 ] 1 PR [N TN TR SR T AN T SO S S| 11
—%o -50 0 50 100
X, mm

1800

results

fnpe

1600

1400

1200

1000

800

600

400

200

0 10

Entries 19809
Mean 155
RMS  4.829

20

Noo(ROI)=15.50+0.03
[ ] N,,(All}=18.39+0.05

40 50

fnpe

Entries 22851
Mean 4.09
RMS 1.983

| Noo(ROI)=4.09+0.01
[ ] N,o(All)=4.42+0.01

PR T T T T N T ST S S Y S ST SO |

0 10
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20

40 50

600 radhit
+ Entries 364446
r Mean 55.29
- RMS 7.258
S00[ x2indf 43437687
; N, 255.6 + 4.4
L R, 56.69 + 0.03
400} c, 4.06 + 0.04
i N, 287 +0.2
i R 56.44 + 0.03
3001 Onoi  2.042 +0.026
200
100
% 20 20 60 80 100
radhit
900 2 Entries 101570
3 Mean 54.73
800f- RMS 6.585
- y2indf 1424628
700} N, 826.3 + 6.4
: R, 55.53 + 0.01
600 - G¢ 1.477 +0.010
- N, 15.44 +1.36
500} Ry 53.84 + 0.60
: S i 10.26 + 0.59
400
i R(track)
300
g [ ]R(SPR)
200
: roj(track)
100
T
% 0 20 60 80 100




#Entries(/0.002 rad)

Cherenkov angle Single Photo-Electron (SPE) resolution

Belle Il pTEP 2018, — TBeam — Simulation e
FRENG :_ 03 HO1 1000— Entries 364446 - Entries 101570 180:_ Entries 30026

o i A Mean 2923 | S00 N l Mean 289.6 L Mean 3248
60000 - N | RMS 37.05 L RMS 34.03 160~ $td Dev 78

E 800 rf x2/ndf  7833/3507 i ¥2/ndf 5683 /2859 C e 1247 1001

E - N, 863.6+ 2.1 | 490 N, 4623+ 2.2 140~ Constant 135621
000 0.2982 rad i <_®;——M r 0, 203,74 0.0 r !\Sﬂean 305,800

r mean=2. - O 13.22 + 0.03.D i A 7.006 + 0.030 120~ igma 7172 0.033

r sigma = 0.0140 rad D 600 3 1 0.42 i = . C
0000 :P“""‘-=‘°-‘95 Z [ O 2715+ 03 | 3001~ Q;: 136?41067_3 _ 100F

g bofirk = 2575 [ i 69.37+025 |2 | wi_ 2813+059 | Z [

o 400 I 80

- - 200 r

- I [ 60F

;_ 200~ 100 aof

;I ] _...L.._L.l.. ﬂﬁ"“"" k! L E J E 20;

e %00 200 500 wage 00 600 700 e T T I T N R R 1 oG
0, [rad] c @, mrad 000 200 300 400 500 600 700
Aerogel: 20+20 mm (Chiba Univ.)  4-layers (Novosibirsk) —> - 4-layers (ideal profile)
n(400nm): 1.045 +1.055 1.039 +1.046 - 1.041 + 1.050
Pixel: 5x5 mm 6x6 mm 3x3 mm 3x3 mm
Geom.Eff. ~ 90% Geom.Eff. ~ 80% Geom.Eff. ~ 20%
Ny, = 10.5 Ny, = 16 Nye =~ 4

The excellent single photon Cherenkov angle resolution ~7+8 mrad was achieved with the 4-layer focusing aerogel tiles
with dimensions 23x23x3.5 cm for the first time in 20221!!
This circumstance allows us to consider the FARICH detector design based on 4-layer focusing aerogel tiles with large
dimensions (23x23x3.5 cm).

UCAS, 22 Aug. 2023, Beijing 27




PHOTON DETECTORS
WITH ELECTRONICS

AEROGEL

*  Proximity focusing RICH
* 4-layer focusing aerogel
* N = 1.05(1.077?), total thickness 35 mm
Sger = 15 m?
¢ 21 m?-total area of photon detectors
e SiPMs — barrel part (16 m?)
e MCP-PMT — endcap parts (4 m?)
* ~10° pixels 3x3 mm? with pitch 4 mm

SHAPE

Parallelepiped

Trapezoidal

UCAS, 22 Aug. 2023, Beijing

Aerogel layout

GEANT4 simulation
of edge effects

100

100 Z

Aerogel size, mm

200 100 75 50
0.86 0.74 0.62 0.5
0.96 0.94 0.92 09 3



FARICH edge effects: simulation & experiment

2 50¢
Parallelepiped shape aerogel G4sim = a5l
Hits map (B=1) N,.(B=1) 1.6 q0f==
100~ hitmap - hnpeeltrk N r
8 : m‘i ‘::;:j 250~ Entries 3777 14 . 14— 35
=0Tk + w/n-separation o f g
- . sber 607 12 21— —— 301~
sol: S8 De'v y 4 200 (0] C E
i L F % 1 z 50
£ %1503_ % 8F F08[ | —§— Parallelipiped shape 20
> - T s ,.1+ o r r
100~ (RON-40.39:0.11 & 6:— + # 0.6 % Trapecioid shape % 15—
C C r 9| F
~50j; sl ‘:I Npe(All)=48.07:0.13 ¢ ol ii_; _“! 0.4 = g i 10 E_
- ’ r 0.2F §: | 5F
~100 oL PP T PP AP PN AR P I w E
=100 -50 0 50 100 100 900 400 600 800 1000 1200 1400 1600 1800 2000 o_l1|||||111||||||1||||1111|1111| "l1111||||||1|||||1||||1|||1111]
X, mm Npe P, MeVic -50 -40 -30 -20 -10 0 10 -50 -40 -30 -20 -10 0 10
Distance from edge, mm Distance from edge, mm
Tracks are in a midle of aerogel tile ,
Beam test & sim. results
] Number of photoelectrons
Hits map (B=1) Noe(B=1)
100 - I hitmap - hnpeeltrk C
. | Entries 48147
“Aeans 103 s0l- Enties 993 14 . 12—
tM“ny u;:: r Mean  29.21 + ].L/n'separatlon B
] am: P L SidDev  9.805 12 - 7 7
50f; a0 L 17— —— et A
- C 10 B * . — —
: ° : [~ —
g gor | Npe(ROI)=29.21:0.31 £ of £ 08
g . ) Npea)=g6.41:0.32 g o* -
C @ 8¢ =z i
20p S + . < 06
C aE * z B
10f :_ - _ _,.*i‘ _____ 0.4 .
o[ -l«"‘!-r">l1.1':.1 L
- = e ) " g i . —inlln n n F —
L 0 50 100 0 20 20 pm— 700 900 400 600 800 1000 1200 1400 1600 1800 2000 0.2—
X, mm N, P, MeVic -
. . ol— | PR PR IR PRI N
+ 0 50 100 150 200
Tracks are in 624 mm from aerogel tile edge coordinss. mm
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Photon detector options

Due to axial magnetic field the SiPM is only one possible candidate for the cylindrical part of the FARICH system!!!

For the endacp regions there are three options of photon detectors.

SiPM arrays

There are several manufacturer in
the world including China.

There is no comercially available
SiPM arrays produced in Russia for
the moment, but some R&Ds are
going now.

Estimated cost of such detector
option is about 1005/cm?

It is required to develop and
produce special R/O electronics
and cooling system to operate
with SiPMs in SPD detector

conditions

KETEK PA3325-WB-0808
(BroadCom, USA)

MCP-PMT

HAPD

There are several manufacturer in the world including China.

There is no comercially available position-sensitive MCP-
PMTs produced in Russia for the moment, but R&Ds are
going now in (Baspik&Ekran FEP).

There is a very large spread of prices for rectangular
position-sensitive MCP-PMT. The best price is about
200S/cm?

PDE is not so high, it is limited by photoelectron collection
efficiency (¥60%) and geometrical efficiency is worse than
for SiPM option.

Specialised R/O elctronics is already developed for other
experiments and could be adopted for the SPD experiment
requirements

There is no such a big problem with intrinsic noise rejecion
in comparison with SiPM option

Planacon XP85112
8x8 pixels with 6x6 mm

Cost: 15 k$
CAS, 22 Aug. 2023, Beijing

Only Hamamtsu produced such devices for the
Belle Il experiment and now it doesn’t produced
anymore!

There is no comercially available HAPDs in Russia
for the moment, but R&Ds are going now in ISP
SB RAS.

Price — ???

Expected PDE of such devices will less than for
SiPM option but signficantly (1.5 times) higher
than for MCP-PMT option.

Expected gain is about 1 =~ 2 - 10°

Development of specialised R/O elctronics is
needed. It is possible to adopt some Belle Il
ARICH system expirience.

Pho]ton HV:-8500V

' ‘ml

T quartz window

P-€:  [Bombardment
' | gain : 1800
—L_[Avalanc TI: 15V L




SIPM array option

PA3325-WB-0808 Dimensions JARY~TP3050-8 X 8C DIMENSIONAL OUTLINES . .
- Joinbon Tech., China
! 111203 14|05 )16 |17 |18 o|nbon 1
[—:ﬁ—] - 21|22|23|24|25|28|27|28 v J ” 3 H
‘ i 31[32|33|34|35|38|37 |38 “Hiih" H
PR FI] FEY P Py P PR PR o i 1l
! s1|s2|53|s4|s8]|56 57|50
) e1]62|63|es]|es|eser|es e I
| B ~ 71|72|73 |74 |78 | 76|77 |78 JARY-TP3050-8x8C 11
- A ' s1(82/83|es|ss|s6]s7|ss H
KETEK-BroadCom, USA
Top view Bottom view ade Vs
The connector might be changed without notice, please contact our sales before ordering.
40—
| | | PA3325-WB-0808 (BraodCom, USA): OV=2V
35 :_ $14161-3050HS (Hamamatsu, Japan): OV=2V|
E JARY-TP3050-8x8C (Joinbon, China): OV=2V|
= :_ KOF-1050 (Integral LTD, Belarussia): OV=2V
5 o5
— Endcaps: 2x2490 SiPM arrays 2.7x2.7 cm? o BE
— Barrel: 18 000 SiPM arrays 2.7x2.7 cm? W 20—
g -
— 1 470.7k pixels with 3x3 mm?2 sF
. . . Sdetect -
— Geometrical Efficiency === = 76 + 80% oE-
total :
5 9 c c . - o
— Highly effective cooling sysytem is required! = ston,l
- o
D_llII|IIII|IIII|IIll|IIII|IIII|IIh
200 300 400 500 600 700 800 900

UCAS, 22 Aug. 2023, Beijing Wavelength, nm 31



Position-sensitive MCP-PMT

Hamamtsu R10754-016-M16(N)

4x4 pixels with 5x5 mm

Planacon XP85112 A w S
8x8 pixels with 6x6 mm ‘
v / Z’a’m2'8’0%2'8’0%2’8{% /_A P '; ~| T T T T 711
z @ @ @ | @ $’ é cfo’wl .
HRPPD (Income) A4 B RIK = NNVT (China)
10x10 cm; pixel 2.5x2.5 mm Dl’ | 2 Collector plane of MCP-PMT
| el lefoe]lelle]e Concept of Ekran FEP
D Tl e 1 (Summer 2022)
TEEEEEEEE
olefefefefe]e|e] o .
- o Availabilty: until end of 20237!
o e elele e AT e untilend of 20237
NOOOODAL rice: until end o 2
/ 0,240,1*45°
12 8:0,05|2,8:0,05[2,8:0,052,8:0.05, 3 2

UCAS, 22 Aug. 2023, Beijing



Round vs Square MCP-PMT for the RICH

ns

window photo|

100
80
60
40

‘ aerogel MCP-PMT 20

[HEEER
11111
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L1 1]
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[ 1
[ |

L
[ 1

o

III_FIIIIIIlllllllllllll|III|IIIIIIIIIIII

|
|

HNEEEE RN
LTI T 11011

— |

L1
L)l
| l I I
o o H N
POOO

] 00-80-60-40 40 60 80 100
D0-80 —60 —40 —20 0 40 60 100 e

rfoa e tbe e be s by v b v e by s by

516 PMTs m58x58 mm (PC m 50x50 mm) —> 594 PMTs @58 mm (PC @50 mm) —>
516 - 5X5 12900 cm? 594 .1 -2.5% 12370 cm?
= = ~ 0.68 Eff = =

E = = =
2z Sendcap 18850 cm? Sendcap 18850 cm?
16x16=256 pixels 2.9x2.9 mm 216 pixels 2.9x2.9 mm
516 - 256 - 0.29%0.29 11109 cm? 594 -216-0.29x0.29 11444 cm?
= = ~ 0.59 Eff = = ~ L7

Eff = - —
Sendcap 18850 cm? jcas, 22 Aug. 2023, Beijing Sendcap 18850 cm? ,,

~ (0.65




Round vs Square MCP-PMT for the RICH

expected FARICH performance

To evaluate expected performance we can use recent FARICH beam test data:

. Né-1612700 ~ 16
o CEH12700

~ 0.8 — photoelectron collection efficiency (CEM‘? =~ 0.6)

« GETB = (0.8 — Geometrical Efficiency of Test Beam setup (GE¢*? is determined by fill factor of photon detectors

for the experimental setup)

Nexpect _

Nnge127OO . CEMCP' G E €Xp

pe

Square shape MCP-PMT
e GE®*P ~ (.59

16:0.6:0.59
. szzfpe“ = ~ 8.8pe (for f = 1)

CEH127OO . GETB
Round shape MCP-PMT
e GE®*P =~ (.57

16-0.6:0.57
. N;Zpe“ = ~ 8.5pe (for f = 1)

0.8-0.8 0.8-0.8
0 : 0
0 OSpE 7+-8 mrad . 0 OSpE 7+-8 mrad )
* O = = = 2.3+ 2.7mrad * Opfp = —==———=24-+2.7mrad
tr = /Npe V838 tr = /Npe V85
6L -6F -
w/n @ 1 GeV/c: C L = 2927278 _ 560
O¢r 2.5
oF-0& -
n/K @ 6 GeV/c: € = 309729 _ 394
Otr 2.5




R/O electronics cost estimation

There are two modern approaches in development of specialised R/O electronics:
— ASIC (Application Specialised Integrated Circuits)

— FPGA (Field Programable Gate Arrays)

The differences in performance, power consumption and costs are not sufficient today!!!

FPG-TDC (GSI)

It was designed and produced by GSI group
inspired by experience with DiRICH board.
One module readouts 6 SiPM arrays with 8x8
pixels (3x3 mm).

Dimensions: 81x54x50 mm.

It worked in Germany until the 2022.

It doesn’t work in Russia.

Power consumption: ~55mW/chan

Both options are not availab

TOFPET-II (PetSys)

Ready to use solution

One ROM readout 2 SiPM;

One DAQ board combine info from
8 ROMs
Dimensions: 54x26x52 mm

Power consumption:
15mW/chan (ASIC) + DAQ (FPGA)~60mW/chan

le for us, we are looking for new solution!
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FARICH with dual aerogel radiator



PID options for /K — separation

dE
* / dx
OdE /dx

(dE/ dx)
N¢ /dx

< Cl/dx>
* Focusing Aerogel RICH (FARICH)

< 7% — = 30 up to 0.6 GeV/c

< 4% — > 30 up to 0.9 GeV/c

P —_—

<

(4 layer @ n,y,4,,=1.05) = = 30 from 0.5 to 6 GeV/c

' ‘n=1.044 9.0mm
- 'r‘T':l-Ol 9.5mm

W05 5 0
SV=I0471 8 s

UCAS, 22 Aug. 2023, Beijing

separation, o

A.Yu. Barnyakov et al 2020 JINST 15 C04032

16
1ab- ’ | Parametrlc simulation
I~ ade/ax
- i I' 3 . @ m/K-separation
12— ‘I_| ih‘-_!_-'l illll" il & u/m-separation
i
(i gl
8 iy aralic
6 k il
i
2~

it
oY, J,-.h-

S, Y 0 IO
0.1 0.2 03 04 05 06 0.7 08 09
, GeV/c

A. Yu Barnyakov, et al., NIM A 732 (2013) 35

@ Experiment

W MC simualtion

/K separation

12 (O Focusing DIRC (SuperB)

3 3.5 4 4.5 5 5.5
Momentum, Ge\%z




PID options for u/m — separation

o dE
/dx
UdE/
o —% ~ 7% — > 30 upto0.15 GeV/c
( /dx) g
GNCZ/ 2
o — ~ 4% — > 30 upto 0.25 GeV/c
< Cl/dx> :
wr separation, o
* TOF with o; =100 ps — = 30 up to 0.2 GeV/c, e.g. Chernkov “r
light from entrance window of MCP-PMT I 2 zoi : : P

* FARICH (4-layer, n;,4,=1.05) > = 30 from 0.5 to 1.5 GeV/c

Number of &

Results of parametric simulation

FARICH with dual aerogel radiator is proposed tuned with results of beam test

to provide p/m — separation for 0.2<P<0.5 GeV/c | campaign in 2021: o e
—SPR(B=1,m3 mm)= 1.63 mm o
%m0 w0 ew _sw  fow 1200

_SPR(B =1,01 mm): 1.36 mMm 0 200 P’m/c 1000 1200 1400 1600

A.Yu.Barnyakov et al., NIMA 1039 (2022) 167044
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RICH with dual radiators is not very new idea

Liquid + Gas:
* RICH — DELPHI

* CRID-SLD
o CeF5(n=1.278@190nm) + CsF10(n=1.00174@190nm)

Aerogel + Gas:
« HERMES
* RICH1 - LHCb

* Aer.(n=1.03@400nm) + C4F,4(n=1.00137@400nm)

aerogel

P=2 GeV/c

X/ ndf

Pl
P2
P3
P4
P5
P6

2350 / 25
85.74
40.28
1478
4122
48.16
1.592

window photol

MCP-PMT

60 70 8

time [1bin=25ps]

Aerogel + Crystal:
* RICH+ToF — SuperB:
* Aer.(n=1.05@400nm) + Quartz (n=1.47@400nm)
* FARICH — SuperB:
e 3-layer aer. n,,,=1.07@400nm + NaF (n=1.33@400nm) <

Aerogel + Aerogel:
* FARICH - SCTF:
* 4-layer aer. n,,=1.05@400nm + aer (n=1.12@400nm)

Aerogel is material with easy tunnable refractive index!

UCAS, 22 Aug. 2023, Beijing

Barrel EMC

DIRC
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Aerogels with high optical density

Sintering approach Zr0O, addition approach

The scattering length of aerogels with zirconium

50F
- —o— e 3% mol. ZrO,
455_ m 6% mol. ZrO,
40;_ . —o—
35|
302—‘ - . T —o—
c% 25;— : 3 o —m— il
S 205—
< 151
— 10}
5
‘N B R R R RS R
‘P.05 1.06 1.07 1.08 1.09 1.1 1.11 1.12

Refractive index

(2]
o

4]
o

The addition of small amount (0.03+0.06 mol) of ZrO, in SiO, based
aerogel alow us to produce highly transperant aerogels with high
optical density:

* Refractive index up to n=1.12

* Rayleigh light scattering length L,.(400nm) up to 30 mm

&
o

L.(400nm)
8

The main flaw
of this approach

n
o

"III||II|||III||II|||III||IIII

-
o

1 | 1 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 1 |
" I " . UCAS, 22 Aug. 2023, Beijing 40
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Beam tests results of FARICH with dual radiator

Cherenkov radius

Entrles 9032 Entries
Mean 52.19 :;'3“ 5:'2‘:
— 400 H
it 102,29 ” Aindt eziz ZrO,-SiO, aerogel:
800 , N, 184 +1.2 . - -
= N e R mn.or|  Thickness 12 mm & ¢20 mm,;
+ 700 = 4 coa 0, Ty 1527 + 0.106
& o L o a0 N mecis| L (400nm)=214+0.5 mm;
Qo B gop| N 1998 £ 1.74 SC )
g (V) R, 49.48 + 051 R 81.81+ 1.26
) @ Tt 6+ 03 Tont 1286 + 0.39
© 0
o c -
N o 400
= =
) 300
& 200 —_— 4-Iayernm-1.n5
— Z10,-8i0, n=1.087
"o 4-layer SiO, aerogel:
:||||||_|44 IJ_IJ LVN“*WI’WA‘P-:—-LAM J_Ll v 2 g .

0 20 30 40 mem 70 80 100 100X100X35 mm;
L..(400nm)=37£0.3 mm;

GEM3 Hits map
150 Entries = 9032
r Mean x -3.678
C Mean y -2.954
100 AMSx 40.13
- RMSy 3291
50 Photon detector
e E 4 MaPMT H12700 (Hamamatsu),
£ o . . .
GEM1 = °F 256 pixels with 3x3 mm size;
-501—
—1003—
‘1595_.0 B T e R T TR L 41
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G4 simulation vs beam test results

TBeam results

Cherenkov rad
Entrles 9032 Entries 9032
Mean 52.19 :;ﬂsn 5?21:
. R'Ms o ﬁ ¥ ndt 86.23/23
2 /ndf 1002/23 d
80O p¢ 3470 + 460 :: E:Ba 1“1.2
» 76.71 1 017
R, 46.33 + 0.02
700 o 1.504 + 0.018 Te 1.527 + 0.106
gopo| M 19.98 £ 174 N 268.84 + 166
R, 49.48 1 051 :m 81.811 126
;_5)0 Tast 6+03 'nal 12.86 + 0.39
400
300
— dHayern =105
200 et
— 210,50, n=1.087)
100
0 20 30 40 50 60 7TO 80 90 100
R, ;. mm
Hits map
150 Entries = 9032
B Mean x-3.678
C Mean y -2.954
1001~ RMSx 40.13
- RMSy 32.91
50—
£ [
£ gl
> r
_50__
~100-
JPYT| AR IR I AP B
~q 50 -100 -50 0 50 100 150

Optical parameters for G4 simultion

1.1 40,
L £ 35
18- £ E sof-
. 5o
2 rao +#H [ 20
=1.06 ™ & &
o' N c t
z2 ro9x 15F
g F N ‘H £
% - B E 10?
i E S 4-layer SiO, aerogel; 100x100 mm F | | | e
-2 g %00 ""300 200 (500 “Te0 700 o
1.02|- _|8 L;(400nm)=37.510.3- mm ’
i IJlllJllIJlllJlII‘llIllllllIlJlllllll

lllllllllll
10 5 10 15 20 25 30 35 40 45 50

Thickness, mm
e PDE for H12700 from data-sheet
e Pixel 3x3 mm with pitch 6mm
 Focal distance L=172 mm

The main difference between G4sim and TBeam is a photon
small angle scattering effect on aerogel surfaces and inside.
These effects have not implemented in G4sim yet.

UCAS, 22 Aug. 2023, Beijing

G4 simulation results

hel_pix

1000~ Entries 12158
n Mean 53.19
Std Dev 16.19
800 ¥? / ndf 172.7 /132
NS 3374 +41.6
RS 45.45 + 0.02
of 1.393 £ 0.012
6001 Nooi 8.883 + 0.823
= Rooi 150 = 135.0
= Onoi 105.2 = 13.7
Ny 6722 =19.9
4001~ RS 80.93 = 0.06
of 1.993 = 0.047

200\ J \

obiatia | | L .A d, h
20 30 40 50 60 70 80 90 100
Ry, mm
hit_ma

80— = S Entries |2p|58
[ . | Mean x 0.1756
N . i Meany  0.5468
100, .. StdDevx 4855

—100f+ -

StdDevy 48.27

_1§q
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(n)

Refractive index

1

1

Separation, ¢

-

04f

02f

14

u/m-separation via G4 simulation
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Aerogel thickness, mm

+ w/r@FARICH (n__ =1.05; L} *""=43mm)

12

10

9

R A RN AR AR
l
f
T
l
I
f
r

o Lo b Lo Lo L Lo Laa o Lauy

00 400 600 800 1000 1200 1400 1600 1800 2000

P, MeVic

(Lf —tz — tFa) .

FARICH: "ideal” n profile FARICH (“ideal”)+ZrO,—aer. (n =1. 12/12 mm)

L 5 L
: 51,14‘ L
B L
C b _
2001 S112 200\~
r 8 r
i € 11 i [
E100_— 1000 PN
E I N 1.08 E [ Y4 R
> [ & T E [ o/ F) \
F ; > [ {0 i ‘J
o ; 1.06 of- (& ' ) !
- 1] r .
: - . [ I - ‘\,‘ \\ _/[ 'J
C 1.04 ! r ) i
- [~ [ r -~
100r 100 N~
C 1,020 o
P P B AU B B o
-200 = = e v o L Jertd] AP IR AR PR B B
00 w0/ o0 0 100 200 Rp' — T[ R T e 35 50
' ickness, mm X, mm
Onr + 0O ) -aer. (n=1.12; L***""=30mm)
FARICH ( R R 2 b FARICH

NMimax=1.05/L 20" "=43mm

Separation, ¢

UCAS, 22 Aug. 2023, Beijing

wr@FARICH (n__ =1.05; L"™=43mm) Ninax=1.05/L2°""=43m

LI L B e

4
2f f-
T P T T Fo L, m!] O L, L
600 800 1000 1200 1400 1600 1800 2000 90 i0o 505500 Ta05 1200 13061500 1305 2000 90 4006004007005 1200 13661500 1365 2000
P, MeVic P, MeVic P, MeVic
max2 m? 2 m? 2 m
(g 1)—F (nz, —1)—? (nzy, —1)—F
< RFa < (Lf - tZr) : (Lf - tZr) : < RZr < Lf :
2 2 2
2 m m m
(npax® —2) + — —+1 (nz,* -2)+—
p p2 pZ

43



Summary

* R&Ds on detector and collider subsystems of the SCTF project are carried out
at tlre BINP. Several other Russian institutions also take part in this activity as
we

 Some fundings for the R&Ds on the project in 2023-2025 are provided by
Russian government

* PID system based on FARICH technique is the main option for the SCTF
project
* In 2022-2023 the possibility to produce 15 m2 of “focusing” aerogel Cherenkov
radiators with target parameters was demonstrated

* Recent progress in high opticaly dense aerogel production with help of ZrO2 dope
allows us to consider new design of FARICH detector with dual aerogel radiator which

able to provide exccelent p/mt — separation from 0.2 up to 1.5 GeV/c

 For further progress of the FARICH technique it is necessary to develop photon
detector options and compatible R/O electronics

* In modern conditions we faced with some issues which are able to delay
realization of the SCTF project
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Advantages of the SCT factory

1. Threshold production of 7 leptons and 2. Longitudinal polarization of the electron

charmed hadrons beam

o Well-defined initial state o Boosted sensitivity to CP violation in

o Low multiplicity of particles baryons and 7 leptons

o Kinematic constraints o Measuring the Weinberg angle

3. Coherent D°D° pairs 4. Full event reconstruction

o Measuring charm mixing and CP o Superior background suppression
violation with unique techniques o Measuring absolute branching fraction

o Measuring phases of the decay of charmed hadrons
amplitudes

UCAS, 22 Aug. 2023, Beijing



LFV and CPV with tau

T—= uy ISR photon background [arXiv:1206.1909 [hep-ex]]
> Allowed in several BSM scenario, including SUSY, s B 250 E 10.6 GeV
: . 1200 ¢ 4.0 GeV E
leptoquarks, technicolor, and extended Higgs models , Ff FLJ
1000 H 200 i JHLLL
> 0(107?) —reachable upper limit at SCT for the 800 ¢ 150 H
branching of T — uy 500 H TUE Ty
- F 100 |
» Requires excellent 1t /u separation 400 . . "
200 - B | ISR ‘NLL._‘LlrLI
J | | 1 I | 1 1 ‘LT 1 | ;

CP symmetry breaking

» CPVin tau production
i
< Fyy* + (
JEMm 1Y 2m,

o Current limit: |d;| < 10717 e - cm

| | { I VO | I ()

)

Y}
2
b

m
AN
)

F, + V5F3> a"q,

Beam polarization is essential
for these measurements

» CPVin tau decays (e.g., T = Knv;) [PRD 51 (1995) 5996]

o Tau EDM with polarized electrons: o(d,) ~ 107%° ¢ - cm «

UCAS, 22 Aug. 2023, Beijing a7


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

History of aerogel radiators in Novosibirsk

» KEDR ASHIPH system (VEPP-4M — BINP):
* m/K-separation in the momentum range 0,6+1,5 GeV/c.
* Aerogeln = 1,05 (V~1000 L).

» SND ASHIPH system (VEPP-2000 — BINP):
» m/K-separation in the momentum range 300+870 MeV/c.
 Aerogeln = 1,13 (V~9L).

» DIRAC-II (PS — CERN):

» m/K-separation in the momentum range 5,5+8,0 GeV/c.
 Aerogeln = 1,008 (V~9L).

» AMS-02 aerogel RICH (ISS):
e Search for antimatter, study of cosmic rays.
e Aerogeln = 1,05 (S~¥1 m?3).

» LHCb aerogel RICH (LHC — CERN):
* m/K-separation in the momentum range 5,5+8,0 GeV/c.
* Aerogel n = 1,03 (5~0,5 m?), aerogel tile 20x20x5 cm?®.

» CLAS-12 aerogel RICH (J-Lab):
* 1/K- & K/p-separation at level 40 with several momentum GeV/c.
* Aerogel n = 1,05 (576 m?), aerogel tile 20x20x2-3 cw®.

48
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Beam tests with FARICH in 2021-2022 at BINP

Electrons with E=2 GeV are used
4 MaPMTs (H12700 from Hamamatsu with pixel 6x6 mm) were used with
different masks to reduce effective pixel size:
* @1 mm to investigate contribution from aerogel itself
* 3x3 mm to measure realistic Single Photon Resoulution (SPR)
Three GEMs are used at beamline:
v" Two before aerogel sample and one behind
v" It alows us to restore Chernekov angle for each detected photon and
mitigate multiple scattering affects at beam-line.

o Scintillation counters with air light collection 0 FARICH prototype

e Bending magnet
e GEM-—detectors

e Nal—calorimeter

(O]
oo
(o]
=
(5]
©
~
(@)
[
N

GEM1

Aerogel

UCAS, 22 Aug. 2023, Beijing

G N Abramov et al 2014 JINST 9 C08022

Cherenkov radius
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RICH with Fresnel lens



EIC project

Electron
Injection
Line

Possible
On-energy
lon Injector

Electron
Storage
Ring

! Linac
C Collider )

Ring /

Polarized
Electron
Source

Possible
Detector
Location

Electrons

Possible / ’
Detector
Location

lons

ctrons

Electron
Injector (RCS)

(Polarized)
lon Source

Booster

Key EIC Characteristics (parameters)
— High particle collisionrate L = 103*cm=2s71 (f Ldt = 100fb_1/year)

— Large center-of-mass energy range Ey _
— electrons 2.5 - 18 GeV

— protons 40 + 275 GeV (ions: Z/AXE))

20 - 140 GeV

— Polarized beams of electrons and ions (up to 70%)

— Large range of ion species (p - U)
— At least one large-acceptance detector
— Projected budget: ~ $2.4 billion

— Start date: = 2031

backward e backward
proximity-focus RICH AC-LGAD TOF
central e central
high-performance DIRC high-performance DIRC
AC-LGAD TOF

forward e forward

dual-radiator RICH dual-radiator RICH

UCAS, 22 Aug. 2023, Beijing

e backward
modular RICH
AC-LGAD TOF

e central
high-performance DIRC
AC-LGAD TOF

e forward
dual-radiator RICH

k AC-LGAD TOF

Almost approved concept since

J

begin of 2022

\_
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ECCE-PID & mRICH system concepts

ECCE = EIC Comprehensive Chromodynamics Experiment

* Physics requirements
« pion, kaon and proton ID
over a wide range |n| < 3.5
with better than 30 separation
significant pion/electron suppression

« Momentum-rapidity coverage
» forward: up to 50 GeV/c
» central: up to 6 GeV/c
» backward: up to 10 GeV/c

 Demands different technologies
* Cherenkov detectors:

* dRICH = dual RICH (aerogel + gas)
PYTHIA e(18) + p(275) = -

hpDIRC = high-performance DIRC (synthetic fused silica)
mMRICH = modular RICH (aerogel + Fresnel lens)

68 modular counters oriented to IP:
— aerogel n=1.03 100x100x40 mm?3

— acrylic Fresnel lens with focal distance 6”

— position sensitive photon detector HRRPD (MCP-
PMT) or SiPM arrays

P’UCAS, 22 Aug. 2023, Beijing o2



Aerogel RICH with Fresnel lens

Lens-Based
mRICH Design

Sensor plane

Aerogel Air

|
Incident particle :

I ‘——f—.i

~ (aerogel + focal length)

£2Y
\ i

|

1
80 60 -40 -20 0 20 40 60 80
X (mm)

9 GeV/c pion beam incident
at third quadrant (star) in
simulation

Ring image is shifted toward
the central region on the
sensor plane

Two-Layer Proximity
Focusing Design
(BELLE-2 ARICH)

23'cm

ny Ny

_—

Incidentparticle

ul |
-80 -60 -40 -20 0 20 40 60 80
x (mm)

9 GeV/c pion beam incident
at third quadrant (star) in
simulation

Ring is centered at point of
incidence

Such approach allows us to improve Cherenkov angle resolution and optimize photo detectors area!
UCAS, 22 Aug. 2023, Beijing
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The thick aerogel for mRICH — EIC project

| op460f1

F@%

BINP 2022: —= |

single block
23x23x4 cm
with n=1.027
from BIC

FermiLAB 2021: stack of three 1 cm thickness
blocks with n=1.03 from Chiba University

* In both cases there is no reason to make the aerogel thickness more than (1 = 2) - L:
L ( _L)

* In case of approach “stack” the additional Cherenkov photons loss is occurred due to
reflectance and scattering on the additional surfaces

* There are two not cut off surfaces in aerogel
e “Optical surface”  —it contacts only with air during the production
* “Bottom” — it contacts with metallic frame during the production processes

» Several configuration of the aerogel Cherenkov radiators were tested with relativistic

electron beams at BINP beam test facilities in 2022.
UCAS, 22 Aug. 2023, Beijing
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Cherenkov a resolution (SPR)
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To estimate p/m-separation capability in wide momentum range results of parametric simulation were used:

Refractive index profile approximation for aerogel sample 453f4 and its focusing distance L=160 mm

Simulation was performed for track angles 0° and 45°.

Number of photoelectrons for relativistic particles (beta=1) is equal to 39 (was taken from G4 simulation).

Single Photon Resolution (SPR) for relativistic particles SPR(m3 mm) =1.63 mm and SPR(¢1 mm)=1.36 mm
(was taken from beam test results).

Quality of particles separation is determined as:

6, — 06,
N, =272
(O_1+O-2)/2
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