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O>xnpaemble 0ObeMbl JaHHbIX

Oxwunpaemblii [ Ldt ~ 1000 fb~1/rog

Energy, GeV L, fb !
Iy
rare decays
3.096 300 light hadr. spectroscopy
efe — 1Tt
3.554 50 (threshold)
v(2S)
J/y-spectroscopy
3.686 150 light hadr. spectroscopy
y(3770)
3.770 300 (D-meson study)
y(4160)
4.170 100 (Ds-meson study)
ete™ — A,
4.650 100 (maximum)




O>xnpaemble 0O6beMbl AaHHbIX

Oxwupgaembiii [ Ldt ~ 1000 fb~!/rop

Energy, GeV L, fb !
J/v
rare decays
3.096 300 light hadr. spectroscopy
efe — 1Tt
3.554 50 (threshold)
v(2S)
J/y-spectroscopy
3.686 150 light hadr. spectroscopy
y(3770)
3.770 300 (D-meson study)
y(4160)
4.170 100 (Ds-meson study)
ete™ — A,
4.650 100 (maximum)
HIEPA: [ Ldt~10%*cm~2s~! x 86400s x 180days x 90% = 1.4ab™1/year
BES-II1/year HIEPA /year Belle-1T/year
CLEO-c 1033em 2571 (10fb 1) 103%em 2571 (1ab 1) 1036ecm 251 (10ab~1)
1]y = = 10-10° 10-101 =
v(25) 54 pb! 27-10° 3-10° 3101 -
y(3770) | 818 pb ! 5.10° DD 4.107 4.10° > x3
417 GeV | 586 pb ! | 7-10° D.D, 1.10° 1.10° > =10
tht 4.10° 3.107 3.10° 1.107




O>xnpaemble 0O6beMbl AaHHbIX

Oxwupgaembiii [ Ldt ~ 1000 fb~!/rop
Energy, GeV | L, fb!

J/v
rare decays
3.096 300 light hadr. spectroscopy
e ST @ ®dusnyeckasi nporpamma
3.554 50 (threshold) SKCMepuMeHTa npegnonaraet
- v(23) perynsipHble NepecTpoiku Mo SHepruu
_]/]l[_s ectrosco B LUMPOKOM AManasoHe.
. P Py @ llog kakue cbumsnyeckme npoueccol
3.686 150 light hadr. spectroscopy T A
y(3770) ’
3.770 300 (D-meson study) @ [Insi noucka “Hosoii busmnku” Hy>xeH
W(4160) 6e3KOMMNPOMUCHO-XOpoLLNi AEeTEKTOP.
4.170 100 (Ds-meson study)
ete™ — A,
4.650 100 (maximum)
HIEPA: [ Ldt~10%*cm~2s! x 86400s x 180days x 90% = 1.4ab™1/year
BES-II1/year HIEPA /year Belle-1T/year
CLEO-c 1033em 2571 (10fb 1) 103%em 2571 (1ab 1) 1036ecm 251 (10ab~1)
1]y = = 10-10° 10-107 -
v(25) 54 pb ! 27-10° 3-10° 310" -
y(3770) | 818 pb ! 5.10° DD 4.107 4.10° > %3
417 GeV | 586 pb T | 7-10° D.D; 1-10° 1-10° > %10
thT 4.10° 3.107 3.10° 1.100




T decay two and three body momentum spectra
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D; decays — typical momentum spectra
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semileptonic D decay:

0.50 . E electron momentum spectra
p (GeVic)




Inclusive spectra

Charged n’s from
inclusive J/psi
decays

K 75
Momentum(Gev/c)

Gamma'’s from
inclusive J/psi
decays

Charged Kaon’s
from inclusive D
decays

0.5 15 (Gevict
Momentum of kaon

Gamma'’s from
inclusive D
decays




Low momenta matter
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MopgenupoBatHune poHOB B geTektope
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®dusnyeckunii poH B geTekTope
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[Ba OCHOBHbIX MpoLEecca PacCMOTPEHHO:
BhaBha paccesitne (0 ~ 1.7 mb for 2E = 7 GeV and © > 5°);
ete >y 7y —efe ete (0= 6.0 mbfor 2E = 7 GeV).
OcHOBHblE BbIBOAbI:
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KoHuenuuna getektopa CLUT®P.

Muon system and yoke

Superconducting coil
Calorimeter

Main tracker

Inner tracker

3.0
- PID system

2.0 o

o “\._Beam pipe

005 10 20 30 10 50 60

X, m

Physics requirements:

e Good GTP for charged particles.
e Good symmetry and hermeticity;
e Soft track detection;
— Inner tracker to work with ':'ate
4 tracks .
of charged tracks >10 sk

e Good /m/K-sep. up to 1.5 GeV/c;
— Good Z—f resolution;
— Specialized PID system for
u/m and m/K-separation;
e Good n°/y-separation and
7Y detection with E;=10+-3000 MeV;

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

— Fast calorimeter (6; <1 ns and
small shaping time) to
suppress beam background
and pileup noise;

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




HIEPA detector concept
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———————— York/Muon——————|
- Superconducting
magnet
o EM
Wi
o PID-barrel |
MDC '/
e PXD/SSD J

MUD
u/st suppression power
()

EMC

Energy range: 0.02-2GeV
At 1 GeV o (%)
Barrel(Cs(l): 2

Endcap (Cs): 4

MDC

 0,=130 um

+  dE/dx<7%, o,/p =0.5% at
1 GeV

Material budget

~0.15%X,/ layer
0,,=50 um




BHyTpeHHunA Tpekep
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e The TPC is more attractive option:
600 — More hits per track,

T with P, <50 MeV/c — more rella_b_le dE/dx — measurements. ]
o il st dinb o e TPC capability to reconstruct the tracks in

WITl stopped In beam-pipe; expected experimental conditions will be
checked with full simulation soon.
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MpoTtoTunuposaxue onuun BMK (TPC)

Prototype construction

Field cage Main goals:

1) Check IBF;
2) Test the field cage design;

3) Compare readout
options;

4) Verify the gas mixture
properties;

5) Data rate estimation.
Readout plain



BHyTpeHHniA Tpekep: cTtaTyc pa3paboTku

Conclusions

e Three options of Inner Tracker are considered
o Si-strips — reconstruction for p, > 65 MeV/c

o CMPGD — reconstruction for p, > 60 MeV/c

o TPC
m Standard wall — reconstruction for p, > 60 MeV/c
m Thin wall — reconstruction for p,, > 55 MeV/c

e The TPC options is the favorite at the moment.

e The simulations shows the small distortions level from the ion
backflow for Ne and Ar based gas mixtures.

e The reconstruction software is developing.

e The prototype of TPC is designed and will be build in the near
future.



Drift Chamber

@ Hexagonal cell, size
~0.8+1.2 cm.
@ 41 layers: 5 stereo and 5 axial IAL
AXLA
super-layers. STEREO ©
@ 10903 — anode wires.
% /409 NUNbER OF ¥iRES:
@ He/C3Hg(60%/40%). UNBER ¢ b
* Oy <90 um. Tc;'rf\z;,m;;r:smu
LOAD, tons
* (;,—F;(lGeV/c) ~0.38%.
. “dgédx <7%.
(%)
Prototyping is going. )




Onuusa ynbrpa-nerkoii K from INFN-Lecce

TraPld: A proposal for SCTF

inner cylindrical wall

C-fiber/C-foam
e 2x80 um/5mm | 0.036 glom? — 8x104 X/X, layer

8 super-layers 8 layer each

outer cylindrical wall

64 layer total

C-fiber/C-foam

2x5mm/10mm | 0.512 glom? — 1.2x102 X/X, stereo angles 66 — 220 mrad
sandwich 0

n. sense wires [20pm W] 23,040

end plate n. field wires [40/50um Al] 116,640

gas envelope 160 pm C-fiber 0.021 glcm? — 6x10 X/X,

n. total (incl. guard) 141,120

Wi St gas + wires [600 mm]

instrumented cables Iim‘itmg R, | 0.833g/lem?—3.0x102X/X,
ISICROS decoupling C and

signal cables

90%He — 10%iC,H,, 4.6x104

Ti+5C 2.5
Dec. 6, 2018

Orsay, Workshop on tau-charm factory




Cylindrical magnetron sputtering apparatus

Project of cylindrical magnetron sputtering
apparatus.

m Project is ready.

m Cylindrical magnetron is
made. Stable discharge is

obtained.
Sectional view. m The system of wire moving
is in production process.
25/09/2019 Drift chamber R&D progi in N ibirsk Korneliy Todyshev 11/17




Craryc R&D OK B NAD

@ Buinosxen pacyet u onTuMusauus apelicbosoii sueliku, ra3osoii cMecn u
npegnoxen npoekt AK ans CLUTO

o Cpenan npegBaputensHblii pacdet koHcTpykunn K 8 ANSYS
o BepgyTtcs nccnefoBaHne kavyecTBa npoBOJIOKH

o VI,EI.eT NOAroToBKa N 3anyCK CTEHAOB AN U3YHEHUA CTAPEHNA NPOBONIOHEK U
ONTUMN3aUNKN ra3oBbIX cmecein

@ Bepgetcs nonck BapmaHTOB MOKPbLITUS NPOBOAOKK 30/10TOM Kak B NAD, Tak n
CPeAV MPOMbILLIEHHBIX NapTHEPOB

@ l13yyatoTcst BOIMOXHOCTY MCMO/Ib30BaHUSI COBPEMEHHbBIX KOMMO3UTHbIX
mMaTepunanos B KoHCTpykuuu K



HIEPA DC concept

Outer Tracker: A Drift Chamber

L L B B B

-20

-40

-60

-80

L L R

-80 -60 -40 -20 O 20 40 60
cm

* Rin=18cm, Rout=85cm,L=24m
* Helium-based gas: He/C,Hg (60/40)

* Small square cells:
1.0 cm (chamber inner, high rate)
1.6 cm (chamber outer, low rate)

* Sense wire: 20 um W
Field wire: 110 um Al

* 44 layers

« Sharing field wire layers at the axial-
stereo boundaries.

« Carbon fiber for both inner and outer
walls

« Expected spatial resolution: <130um
» Expected dE/dx resolution: <7%



PID system: FARICH

PHOTON DETECTORS
WITH ELECTRONICS

FARICH method

AEROGEL
e Increase Npe W/0 Og, increase;

o |i/m-sep.~50 at 1 GeV/c
was obtained in beam tests;

P =1GeV/c

e
s

FARICH system p
S T e @ Focusing aerogel with nmax=1.05(1.077),
- 4 layers, total thickness 35 mm
Status & perspectives: O) Aot elices 16 i
No any showstopers have been found yet, but @ Photon detectors (3x3 mngz
there are several challenges: — Barrel — SiPMs (16 m?)
. . q — Endcap — MCP PMT (5 m?) LAPPD?
! ‘I;/lizsg—e;roductlon of the multilayer focusing @ 1:2.10° channels (it depends on pitch)
oL .5+1.0 MHz/ch |
I 1.5 million of SiPMs and their radiation oad 0.5:1.0 MHz/channe
hardness. @ Cooling system (<-30°C) is needed
| Big data flow in DAQ system. @ R&D for read out electronics is required. )




2018: 3" prototype generation

— Determine critical moments in focusing aerogel production;
— Define optimal photon detector type and producer for SCTF;
— Find solution for readout electronics.

Planacon
MCP PMT

MaPMTs 8x8 pixels 06 mm

SiPM arrays 4x4 pixels 03 mm;

Tracker based on GEMs o, ~ 70um;

Readout  electronics based on PaDiWa

(discriminator) and TRB3 (TDC) from GSI.

@ e with E=3 GeV;

@ Only central tracks are selected (20x16 mm
area);

@ Time window ~ 25 ns;

@ Cut on energy deposited in Nal is aplied;




Alternative PID options

Why we need to find alternatives to FARICH

@ L /m-separation below 400 MeV/c;

@ The aerogel RICH with largest radiator area. — Multilayer aerogel production
is very challenge issue!
@ 16 m? of SiPMs with 10° pixels:

— Radiation hardness and cooling system which lead to increase material budget
before EMC is a complex engineering task;

— Such amount of the SiPMs with appropriate parameters is a rather large batch
for one manufacturer (Hamamatsu, FBK, KETEK, SensL?!).

@ 5 m? of MCP-PMTs. The very good approach is to use LAPPD with
20x20 cm? size, but readout system should be optimized for our task to
obtain the spatial resolution <1 mm in both directions.

@ The total estimated coast of the FARICH system ~ EMC of the detector.




ASHIPH upgrade

ASHIPH with SiPM

MCP PMT - SiPM

Pros:
PDE=QE*CE 25*0.6=15% | 30-45%
Magnetic field imm. | Axial Any direction
Power supply 2+4 kV <100V
Cons:

- High level of noise > New specific FEE > Cooling system
- Radiation tolerance is still low.

It is possible to upgrade KEDR and SND ASHIPH systems right now.
For Super Ct (B)- Factories SiPM radiation tolerance study is needed.



ASHIPH with SiPM for u/n-separation

ASHIPH: SiPM/WLS/AEROGEL n=1.03

2 35
z t
30
251
20—
15
10
5
2 35
z E
s M
E 4
E K
BE p
20—
15
10
5 ; -
E .
0.5 1 15 2 25 -

3 35
P, GeV/c —

Number of photoelectrons vs P MeV/c

ASHIPH with SiPM

@ 1/K-separation from 500 to 2000 MeV/c
@ /m-separation from 400 to 900 MeV/c

@ Preliminary design:

6000 | of aerogel in three layers:
n=1.03 (8 cm) and n=1.015
(848 cm)

1400 counter with sizes ~
18x30x8 cm

n=1.03 (8 cm) n n=1.015 (16 cm)
Amount of material ~ 15%X,
Light collection — WLS(BBQ) and
28000 SiPMs 3x3 mm?




e The record time resolution (~5 ps) was
obtained with quartz radiator coupled to
MCP PMT.

e The best accuracy of TOF measurement
achieved in currently operating colliding
beam experiment is about 80 ps (BESIII).
e The time resolution of about 30 ps is
considered for future upgrade of the CMS
detector.

e The time resolution of about 15 ps is the
aim of TORCH project — a time-of-flight
detector.

e Recent progress in time-of-flight technique
allows us to consider the TOF system with
intrinsic time resolution better than 30 ps.
Time resolution mainly is determined by:

— refractive index dispersion
— time of light collection

— photon detector & electronics jitter

It is possible to use TOP information in addition to

TOF.
TOP

TOF1

TOF & TOP
. . 1
For perpendicular tracks with > TR
. 2
TOP ~ L B-n(d) _ L n(/lQ)

c/n(A) \/n(?B2—1 < \/n(2)2B-

Time of Propagation (ToP) can improve the Time of
Flight (ToF).



FDIRC onuusa from Giessen Univ.

Few comments to DIRC option

@ Sufficient change of yoke geometry and calorimeter is needed.

@ DIRC is very compact system in barrel part, therefore it is possible to increase DC
or decrease the EMC volume.

@ Good enough p/m-separation is provided up to 700 MeV/c — further improvement
or use additional PID technique is needed to separate u and 7 up to 1.2 GeV/c.

| Momentum scan

Optimization Possibilities
Momentum Scan

Separation Power

05,1 | I I Ld
05 06 07 08 09 11 12 13 14 15
Particle Momentum [GeV/c]

A. Barnyakov SCT Detector review 13/12/2019 26



CpaBHeHune onuunii cncrtemol naeHTudnkauum

3 —$— FARICH
P —F— ASHIPH =103
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HIEPA PID concept

Detector Options
« RICH

— Very powerful over a wide range of momentum

— Reconstruction straightforward

— Additional space for Cherenkov cone expansion: less compact
— A large number of readout channels : cost, cooling ...

* DIRC-like: iTOP, FTOF, DIRC ...
— Very compact, operation convenient
— Reconstruction complicated
— Quartz manufacturing and processing very challenging

ALICE HMPID iTOP for BELLE2 FTOF for superB
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HIEPA RICH prototype

RICH Prototype development
/

i

Radiator (liquid csp,% 10 mm

Csloon
THGEM,

Effective area: 16X16 cm?2

Quartz/MgF, as radiator
(IOmm) will be replaced by C6F14

Drift region 94mm
THGEM+CsI (700nm)
MicroMegas

Anode pad(5mm?2)

AGET FEE: 1024 channels

10




EMCalorimeter based on pure Csl

@ 7~30 ns.

@ Using of WLS(NOL-9) coupled with
Csl(pure) crystal(6x6x30 cm?®) and 4 APDs
(Hamamatsu S8664-55) increase LO in 6
times.

Calorimeter geometry

7

@ Prototype consisting of 16 crystals, 64
APDs and all necessary readout electronics
are ready for beam tests at BINP in 2019.

@ ENE=330+30 keV is obtained with cosmic
muons.

Described in DD4HEP

Csl(pure) calorimeter for SCTF:

@ Thickness 16/18Xo — 30/34 cm.
@ 7424 crystal, total weight: 36/43 tons.

@ 29696 APDs + 7424 WLSs or 7424
Photopentodes.

BINP has a team experienced in constructuion
and operation of crystal based calorimeters:
SND (Nal), CMD-3 (CslI(Tl) and BGO),

KEDR (CslI(Tl)) and Belle-1l (CsI(TI)).




HIEPA ECAL concept

ECAL Design

* Barrel has 4200 crystals

arranged in 35 circles with 120

bars.

» Each endcap has 1256 crystals

+ Total radiation length: 15 X,

Energy linearity




Muon system & Magnet

’ Magnet system ‘

Base option:
@ B=1:15T;
@ Volume with field ~30 m3;
@ W~28 MJ;
@ Access to the detector systems ~12+24 h.

Thin solenoid option:
B=1+15 T;

Thick ~ 0.1 Xo;
Volume with field ~8 m?3;
W~7.5 MJ;

Impact to of is going to be considered
with full detector simulation.

S

system

Belle-11 KLM system as a base option:

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

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

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

Active element for Belle-1l KLM system




Detector software & simulation: status

@ Parametric simulation is ready
to use;

@ DD4HEP package is used for
detector geometry description;

@ Aurora framework is under
active developing now. It is
based on:

— Gaudi and FCCSW;
— build & config system inspired by
ATLAS Athena;

Detector geometry in DD4HEP



U2E calorimeter based on pCsl and SiPMs

The Mu2e Calorimeter

The two Calorimeter annuli contain 674 34x34x200 mm? un doped
Csl crystals each

9
9

Rinner = 374 mm, Ry 16, =660 mm, depth = 10 X, (200 mm)
Disks separated by 75 cm, half helix length

Each crystal is readout by two array UV extended SIPM's (14x20
mm?) maximizing light collection.

PDE=30% @ Csl emission peak =315 nm.
GAIN ~10¢

TYVEK + tedlar wrapping

Analog FEE is onboard to the SiPM ( amplification
and shaping) and digital electronics located in
electronics crates (200 MhZ sampling)

Cooling system - SiPM cooling, Electronic dissipation

Radioactive source and laser system provide absolute calibration

and monitoring capability . Happacher - Joint Workshop on Future
tau-charm Factorv



MUZ2E calorimeter: mechanics

)
A Calorimeter Mechanics
|

/ Inner ring
5
N o 3
-y
()
H

ituto Nazion:
N It i
LABORATORI NAZIONALI DI FRASCATI e Fermllab

»>Manifolds
»Hydraulic connection!
»Alignment targets
» Spacers

> calibration




MUZ2E calorimete

beam test results

Module 0 - Energy resolution

Perpendicular Beam
prerpendicular Beam

> Beam @ 50°
1 > 90) T =
2160 8619 2 | Entries 1190
o —80F Mean 87.62 E
36/
02267200858 B70F StaDev  aass E
48160206 £ F Underfiow o
89.89+0.30 S 60F overfiow 0 4
15782484

w/ndf  26.39/27
1007021 = 0.04812
o 6.572 = 0.202
" 88.12 = 0.38
N 1108 =338

Epeam = 100 MeV/

20

i
40 20

80 100 120
E [MeV]

T A DATA:Beam @50

= Single particle selection

Equalization and E-scale
- MIPs
- 100 MeV e beam, up to ring 2

Threshold applied @ 3 o (Noise)
LY/SiPM = 30 pe/MeV

Great Data-MC agreement

E W NC: Orthogonsl Beam
¥ MC:Beam @50+

3.11/3
0.37

0.70 + 0.00
0.37 + 0.05
5.79 + 0.40

PP PP e e e

L
0.06

L
0.07

F. Happacher - Joint Workshop on Future tau-charm Factory

0.08

0.09

.
0.1 0.11
E,,, [GeV]




LAPPD: cxema

LAPPD Structure

Manufacured & sold by Incom, Inc.

A 20 x 20 cm2 MCP-PMT!

o 350 cm? active area.

INCOM

9/25/2019

*images from http://incomusa.com

Nishimura - MCP-PMTs (LAPPD)
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LAPPD: anekTpoHunka

LAPPD Anode

- i"a&~

A. Lyashenko, VCI2019 Proceedings

9/25/2019

Structure

"Generation |” LAPPDs have 28 anode
strips.
Total 28 strips.

If we take rough spatial resolutions as
1x3 mm?, this would correspond to
order 10k pixels.

o Equivalent 8x8 (32x32) Planacon
photocathode area would require ~800 (12k)
pixels.

As long as occupancies are low, we can
read out the entire tile with 56
electronics channels!

At some performance cost, can also do
single ended readout, 28 channels!

Nishimura - MCP-PMTs (LAPPD)




Ha ocHoBe FPGA

lNukocekyHaHble aeTekTOpbI

Test Results

— Gaussin fiting

RMS=5.6ps

P,

40 60 80

60 40 20 0 20
Time difference (ps)

Cherenkov Fused
light

Gaussian fitling | |

MCP-PMT
RMS =113 ps

Electronics
Channel

o

w0 2

0
Time differnece (ps)

University of Science and Technology of China

13.12. 19




3aknryeHune

@ B UNAD Beperca paspaborka getektopa ansi Cynep L-Tay dabpuku:

— BnyTpennuii getektop onuus TPC n CMPGD

— K c manoii rekcoroHanbHol siveiikoii gns ynbtpa-nerkoin 1K paspabateiBaetcs
YCTaHOBKa MarHETPOHHOrO HamblJIEHUs] METAJIJIOB HA YFJIEPOAHOE BOJIOKHO

— Cuctema ngeHTudukauun: paspaboTka TEXHONOrUM MPOU3BOACTBA POKYCUPYHOLLUX
asporesnieii coBmectHo ¢ VIK n TecTupoBaHne npoToTMnoB Ha My4Ke 3/JEKTPOHOB

— [potoTun kanopumerpa Ha ocHoBe 16 kpuctannos 4ucroro Csl nogroraenusaercs
OJ151 UCMBbITAHUI Ha My4Ke

— [lpotoTunom marHuTHoi cuctemsl getektopa CLUT® moxHo cuuTaTh MraHmT
netektopa PANDA, koTopblii ceiivac akTUBHO U3roTaBanBaeTcs komaHgoin NAD

— Paspabotka cpefbl 45151 MOAENMPOBaHUSI AETEKTOPA U P3MHECKUX NMPOLLECCOB
nopgaep>xxaHa rpaHtom PH® B 2019r.

@ B npoekte HIEPA Haunbonee 3ameTteH nporpecc B paspaboTke

— PID cucrembr: RICH Ha ocHose xupgkoro paguaTtopa v MUKPOCTPYKTYPHOrO ras’oBoro
doToHHoro getektopab a Tak e DIRC-like-TOF pgnsi Topuesoii Yactu
— BepeTcsi BbIGOP KPUCTANIOB 1 CXEMbI SNEKTPOHUKN AJ1s 3/M KasopumeTpa

@ C 2020 ropa paboTbl B HECKOJIbKIX €BPOMNENCKUX UHCTUTYTax Mo pa3paboTke geTeTkopa
ona CUT® 6ynyt noanepxxaHbl rpaHToM B pamkax npoekta CREMLIN+

@ [1ns Toro 4TobbI NepelitTn K hase CTPOUTENCHCTBA AeTeKTopa Hepes 4 roga Heobxognmo B
bnnxxaiilem byayLeM yBENNYNTb aKTUBHOCTb PaboT no paspaboTke u, COOTBETCTBEHHO,
duHaHcupoBaHue npumepHo B 10 pas.
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