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TpeboBaHusa K OeTekTopy

- Momentum resolution o, /p < 0.4% at 1 GeV

- Very symmetric and hermetic

- Able to detect soft tracks (p; = 50 MeV /c)
- Inner tracker should be able to handle 10* tracks/cm?s

- Very good particle identification: e/u/n/K
- /K in the whole energy range, e.g. for DD mixing
- u/m up to 1.5 GeV, e.g. for T —» uy search
- dE /dx better than 7%
- Able to detect y from 10 MeV to 3.5 GeV, good r°/y separation
- Calorimeter energy resolution oz /E < 1.8% at 1 GeV
- Calorimeter time resolution o; < 1 ns

- Efficient “soft” trigger
- Ability to operate at high luminosity, up to 300 kHz at J /¢
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O6LLas CTpyKTypa

5,6 Xx5.6 x5.3m3

N o 0 s Db PE

Vacuum pipe
Inner tracker
Drift chamber
PID
Calorimeter
SC magnet
Muon system
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Brothers, sisters and cousins...

BELLE-2

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

Previous
generation:
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In-house (Novosibirsk) cousins
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BHYTpeHHUN TpeKkep

?7?77? INFN BINP

4-layer Si-strip Cylindrical MPGD Time Projection

Chamber (TPC)
- PaboTtaeT kak He3aBucMmas cuctema (Tpeku, He
BbineTarowme B LAK), Tak n coemectHo ¢ LAK

- N3mepsieT napameTpbl TPEKOB M KOOPAMHATbI BEPLLVH
pacnagos

- PaspeweHune cpasHumo c LUK (~100 u)
- CnocobHa peructpmpoBaTb «Msrkme» vyactuubl (p~50 Dl ete- — DD*

MeV/c) wl ] B
- CnocobHas paboTtaTtb B yCrioBusx 00nNbLIOK 3arpysku 3 '

- [MpnbnumanTensHble pa3mepsbl: 50
@ (40-400) x 600 mm : MeV/c

1000

800 +

Number of events
¢
[}

. .15 .
T+ momentum [GeV/c]
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Inner Tracker: TPC

Beam pipe, inner radius 1.5 cm

TPC advantages:

« Highest number
of hits per track

« Great dE/dx
measurement

-30cm<Z<30cm

Outer radius 20 cm

Inner radius 3 cm
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T P C p rOtOtype Resistive  Flange for the end-cap detector

divider

Ability to operate in high flux (including
reconstruction) have to proved

Field cage is ready. Design of the end-

cap detector is going on.

* Quad-GEMSs, then 2(3)GEMs-
MURWELL

» Readout structure with several groups of
pads with different size 1-4 mm

» Electronics based on DMXG64B ASIC
(CSA+100 cells of analogue memory)

15 kV

A

: ' _ 128-channel board
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Resistive micro-WELL

GEM on top of resistive layer and on top of readout PCB

Top Copper (5 pm)—

Cathode PCB
Polyimide

. Pitch 140 ym |

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

Two readout layers /M

PCB el

Multilayer PCB, rooting
signals to connectors at
the edge
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Inner Tracker: C-mRWELL

@ The CV'iﬂdl‘iCH' u-RWELL CREMLIN EILUS

Conrecting Rutsian and Eurapaas Measures
For Larpe=scile Research Infrastrustures

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

“1 - B2B large drift gap” cylindrical detector

“2 - B2B small drift gap” cylindrical detector

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

N.2 small gap B2B C+layers = 1.72% X0 N.1large gap B2B C+layers= 0.86% X0
2 % 1 cm gas gap/B2B device 2 x 1 cm gas gap/B2B device
4 cm global sampling gas 10 lobal I
Further material budget reduction by ¢m global sampling gas
using:
1.46 % X0 4= +  high module FR4 e (), 75 % X0
*  low resistivity DLC cathode
*  aluminum Faraday-Cage/shielding g
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C-mRWELL prototype

@ The C+RWELL prototype CREMLIN PLUS
>

Connecting Russian and European Measures
for Large-scale Research Infrastructures

To validate the concept we are designing a single-layer small drift-gap (1 cm) C+RWELL prototype

* From standard micro-RWELL technology on rigid PCB supports we are
developinga full flexible detector tile

g
Top Copper (5 pm) - EEEEE—

Polyimide T o * Three of such flexible detector tiles will be glued on composite/foam roof-tiles,
DLC fayer (<0.1 pm) — i then mounted on the anode cylindrical support
p~10+100 MQ/T)
* A full cylindrical-cathode will close (externally) the detector

flexible p-RWELL + readout (CERN)

Cathode Prototype cross section

<«——Foam root-tile (LOSON)

~ MWRWELL
Structural anode

.\r/ oo

Prototype size
external diameter=20cm
globallength = 100cm
active length=60cm

10
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C-mRWELL prototype

@ Cremlin+ > the C+RWELL progress (ll) CREMLIN PLUS

Connecting Russian and European Measures ﬂ
for Large-scale Research infrastructures

The design of the prototype has been completely revised and finalized
* Orders of flex-detector tiles (CERN — Rui) done = delivery by the end of November

* Orders of mechanics/tools (anode/cathode, end-caps, plugs, tiles) done = construction in progress (@LOSON):

* anode mould DONE
* cathode mould DONE
* end-caps/plugs in peek > DONE
* tiles (still) under test > DONE
* HV, signal interface boards > DONE

* Detector assembly 2 Nov — Dec 2021

14
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LleHTpanbHaga gpendoBasa kKamepa

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 BINP “Beyond-traditional” option INFN
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 Robotic wiring
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Drift chamber: “traditional” option (BINP

- ~40000 wires S A
- 11k sensitive, W-Rh(Au) Sy
- 29k field, Al(Au) S AE._A
- Hexagonal cell, 6.3-7.5 mm v
- 41 layers R
- 60% He + 40% C,Hjq nE Rk A
- 330 ns drift time (1.5 T) il |

~

Op

Pt~ ,/0.21%2p? + 0.31%?
4% at 1 GeV

OdE/dx _ 0
dE/dx 6.9%

r

ER L

CER

Q

l.Yu.Basok et al., NIM A1009 (2021) 165490
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Drift chamber: “traditional” option (BINP

R: Eigenvalue Buckling

Total Deformation

Type: Total Deformation

Load Multiplier (Nonlinear): 13.992
Unit: mm
09.09.2019 16:47

Outer wall

1 m— - 90°
- 12—
- smamn §— G0°

\ —=0 45

P
—

1.0626 Max
0.94454
0.82647
0.7084
0.59033
047227
0.3542
0.23613
0.11807

0 Min

0.8

0.6 o e

0.4 \ '.... .IIIIII--‘-..'..-‘-./

0.2

N

0.00 500.00 1000.00 (mm)
— — X
250.00 750.00

INNER CYLINDER

Axial load: 40% of 5.9 tons
Load multiplier (nonlinear): 7.3104
Operating gas pressure: 30 mbar
Deformation, mm:
1.0725 Max
B 0.95337
0.8342
mm 0.71503
‘ 0.59586
0.47669
0.35751
0.23834
0.11917
0 Min
0.00 500.00 1000.00 (mm) X
| I .

250.00 750.00
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Drift chamber: TraPid option (INFN)

lonizing
track

- ~141000 wires

- 23k sensitive, W drift tube
- 117k field, Al (— C)

Square cell, 7.2-9.1 mm
64 layers

- 90% He + 10% iC4 10 Measurement
of individual
o clusters
_Pt 0 0 improves time
¢ ‘/0'078 %°p; +0.18% and dE/dx
~0.2% at 1 GeV resolution
dN /dx 6%

With room for improvement!

700

600

500

400

X

XK AKX X 1,

300

XX AKX Xk

200

X, mm
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MEG-2 drift chamber

The MEG2 drift chamber

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

CUCTTTTTE L

i i
Wire support Gas containment | ‘l il TR
i SO G laser soldering . The Extraction S
. s . " W 2 . ystem
Wire cage structure not subject to differential oS eqvelopg N freely def°’.".‘ Hhat L system
: affecting the internal wire position and coil, clutch
pressure can be light and feed-through-less. o

+ Wire PCB

The high wires density (12 wires/cm?) imposes the use of wires PCBs
where the wires are accurately positioned and strung at the correct
mechanical tension.

+  Wiring robot
Stringent requirements on the precision of wire position and on the
uniformity of the wire mechanical tension impose the use of an automatic

A\
o " Winding the thread &
system (Wiring Robot), to operate the wiring procedures. Giinder winsPCE| et i
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Bapl/IaHTbI NoJieEBbIX NMPOBOJIOK

SPECIALTY MATERIALS, INC.

Mandaciers of Baron and S0 Sicon Carbide Mbers snd Beeme Narccorwdee

CARBON MONOFILAMENT

Mok Coer.
Coerc.

Cal: 3582 248 WY
Cak 93865 91340 wt¥e
€3k D243 1431 men

L0000 100000 WY Totd

TYPICAL PROPERTIES

Diameter: 0.00136 +/-0.0001" (34.5 +/- 2.5 pam) Aumu Conc
Tonsile Strength: 125 ksi (0.86 GPa)
Tensile Modulus: 6 msl (41.5 GPa) CEBES S134D e
Electrical Rasistivity: 3.6 x 10™ ohm om 5302 7243 wiXe
Density: 1.8 glce 0343 uuw\x12
AT PR T P 000D 100 N0 e % Totnl
et il
Lows!, Masnachusatts 31651 L L L e = F |NFN Le+ BlNP
r— s - [ - ”
P = (S F
z n
-
‘_~~:‘.o:5 ﬁ roraae— ‘
« 40 um and 50 pym "bare" (uncoated) AI5056 as new solution for field wires, to be coated by ) Drift tube =]
BINP magnetron. JivE | B
+ 35 um Carbon monofilament, to be coated by BINP magnetron, to be used either as field. " |
+ small single cell drift chamber prototypes are being designed to test operatively new wire e l R T 1o
proposals. ok
* 10 um and 15 um Molybdenum wires as sense wires (instead of Tungsten) to be used in S | [ R ——————
conjunction with 35 ym Carbon as field. i3 NN
T é‘}" i
weweTle e
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MBaH JlorawueHko

Drift chamber: TraPid option (INFN)

INFN teams

INFN Bari INFN Lecce
M. Abbrescia A. Corvaglia
R. Aly G. Chiarello
N. De Filippis F. Cuna
D. Diacono E. Gorini
G. Donvito F. Grancagnolo
W Elmetanawee  A. Miccoli
G. laselli M. Panareo
M. Maggi M. Primavera
|. Margjeka G. Tassielli

A. Ventura

Mechanics, wiring, test beam,
simulations...

BINP

Preamp ASIC, wire coating,
simulations,...

cylinder
| |
"L” shaped
end ring
T 1
spoke | b
8/ g
V|
- i:l /' K-
—.lj r oo
= B o ,,‘S"YS
R ¥ F \
active wires : § 71 \
area ) /,V / ;
g /'/ / |
1/ /
y end-plate
membrane
inner cylinder

Plan to create smaller-size DC for CMD-3 as a prototype
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Test beam at CERN

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

15/12/21

- the cell size (1 -3 cm)
- the track angle (0° to 60°)

- the gas mixture (90/10: 12 cl/cm, 80/20: 20 cl/cm, for m.i.p.)
Establish the limiting parameters for an efficient cluster counting:

- cluster density as a function of impact parameter
- space charge (by changing gas gain, sense wire diameter, track angle)

- gas gain stability

Train different cluster counting algorithms

Claudio CAPUTO

Federica CUNA

Nicola DE FILIPPIS
Francesco GRANCAGNOLO
Matteo GRECO

Sergey GRIBANOV

Kurtis JOHNSON

Sasha POPOV

Angela TALIERCIO
Shuiting XIN

UC Louvain

INFN Lecce

INFN Bari

INFN Lecce

INFN Lecce

BINP Novosibirsk
U of Florida

BINP Novosibirsk
UC Louvain

IHEP Beijing

RD_FCCCM

20
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Test beam at CERN

Drift tubes schematics

orange 25 pm wire (W)

trigger
coverage

10cm x 10cm

165 GeV/c -

m—

1500 p /spill /

a

80 pu /spill
to DAQ

— ?
¢
3

15/12/21 RD_FCCCM :
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Test beam at CERN
Event display

“Trig ? | WD033
i ) N 1 Stop Single .
R et S A S A L L S S rrigger

oo ; 2 3 Level

Apply changes to all boards

i AT A e AT i g

Delay: | =

Shaping:

Holdoff: 0 ms
Enable zero suppression
Type: @normal auto
Source: @int ext

Trigger Pattern
100 mV

Analog Front-end

v Gain: | ] PZC (0 31

Mode: oDRS ADC TDC

< 100 ns Readout enable:
mDRS —ADC TDC TRG

et e

per

Config Measure Ll Al 28

Channels Sio Enable calibration clock

Connect inputs to calib. source
: i : : ' : 1 Help Info .
. o v . coroe ol Power calib. source

e h Ao e o g e bt i U APt A P i A PP e P PN APt h N A i

Power amplifiers
DC:

Sampling Speed

| T=472°C 3521/10000 events logged to 11 Nov_60angls_HVnominalPlus20_1p2GSPS_10k .| 12 GSPS Actual: 1.205 GSPS

15/12/21 RD_FCCCM
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MBaH JloraweHko

Reconstruction algorithms

x 2 4
IHEP algorithm
®
= E o . protons
L BINP algorithm ! p=250Mevic =
o )t found peaks o
= - ¥} AR A 1 |
=9 | estimated \ T
e E . peak baseline Ly F: 3 f ' 9
< 3:_ ] . I l ! . ] L P
E : \ 4 4 e s I
o f . A ' _' 2 \ | i | \ L ' '
:’ il ‘.I’ G ‘ '.l ’ l\' ‘ Sk ” r' 1 ). ‘ t'l =
ARVAL | 4e #tl | (1 v A \ 1 1A ( fud; ik 4
E U R [ A ORI, P T AR R R f R W % W N N R & & W
0,*#-{?:{;‘1151_& AR A MEARIOC RN W il AJ 100 | NCANIY \k\J'»\v‘..—«‘
- 410 4 T T 6.0 SR W1 810 S S SO ‘ml TR 1é0 B — ._‘io a— |
t‘ ns ST Morrebn prattadng #4_sewet] brgredd Fopealy
mVy o =
0 q( ' . Louvain
100 2
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200 260 280 320 340 380 420 460 500 z { 1
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Cuctema ngeHtndmkaumn

Requirements for PID system

- /K separation > 40 up to 2.5-3.5 GeV/c

TOF (BES-3): 30 at 0.9 GeV/c, DIRC (BaBar): 40 at 2.5 GeVI/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, FDIRC
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PHOTON DETECTORS
WITH ELECTRONICS

PID: FARICH option (BINP)

AEROGEL

First 4-layer aerogel

103109313 uojoyd

Variable n allows to increase N, using thicker

T.lijima et al., NIM A548 (2005) 383

radiator without compromising og,
AYu.Barnyakov et al., NIM A553 (2005) 70
, AYu. Barnyakoy, et al., NIM A 732 (2013) 35
* Proximity focusing RICH
W\ * 4-layer or gradient aerogel radiator

Nmax = 1.05 (1.077?), thickness 35 mm
» 21 m? total photon detector area
* SiPMs in barrel (16 m?)
* MCP PMTs in endcaps (5 m?)
» ~106 pixels with 4 mm pitch

A, a'aor.siea;l 7-.001;' eo ide were combi in Aug. 2 . //‘ ' .
e e 2012 test beam: p/1r separation =30 at
P=1 GeV/c is demonstrated

First detector: Belle-11 (ARICH)
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FARICH beam tests (2021)
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Beam test results in May-Dec of 2021 show us that
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PID: FDIRC options (JLU, Giessen)

FDIRC option ==
e Inspired by design from BaBar, SuperB, =
Belle Il, and PANDA
e For PANDA oo, R 2.1 mrad/track is achieved
for m/K with 3004 GeV/c —

e For SCTF og_ ~ 0.7 mrad/track is required OIRC
for p/m with 30@1.5 GeV/c
[ ]
Main parameters:
» Synthetic fused silica: 3
Barrel: 2x16 plates 110x32x1.5 cm 2x16 plates 110X_32X1'5 cm
Endcap: 2x4 sectors 12 cm thick and 2x16 expansion volumes
32x20x10 cm’ Giessen cosmic station (GCS)

» Focusing optics: innovative rad-hard
3-layer spherical lens

» MCP-PMT or SiPM with o+ <100 ps
Barrel:
> [12+3 mm pixel
> 2.56+1.14-10° readout channels
Endcap:
> 16x0.5 mm pixel
> 2.88:10% readout channels

Events / 500 ps

CoTtpyaHuyecTtBo B pamkax CREMLIN+ n Panda
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Compact FEE for FARICH/DIRC

d Amplifier board TDC board
» 27%27 mm? size * 64 channels
* 14-layer PCB «+ 2TDC+4
» 30x gain, 64 threshold
channels FPGAs
» couples to KETEK * 10ps
8x8 SiPM array precision

Simulated single photon pulse shapes from amplifier for
different input resistance. ~ 22mV amplitude can be
achieved.

DC-DC convertor board

 goes behind the backplane

* 51x84 mm? size

* provides power to SiPMs,
amplifiers, FPGA

* uses air inductive coils to
operate in the detector
magnetic field

* power, trigger & clock
connectors
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Calorimeter

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

Scintillator:
CsI(Tl) 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 + crystal
calorimeter (CMD-3: LXe+CsI(TI))

CMD-3 calorimeter
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Calorimeter: pCsl option

- 7424 crystals, 16/18 X,
5248 in barrel
2176 in endcap

- 5,5 x5.5x30(34) cm
- 1. pCsl + 1 photopentode
- Il. pCsl + WLS + 4 APD
Op 1.7% 0.33% 0.11%

E-Treen C VB O E

o 1.9%00 © 0.33%,, ® 0.11%

5.sE_Csl(pure) + WLS + 4 APD $8664-55

elec

5
4 si leakage @ stat. @ elec
;-.\ IA-:I(:gF @.stat
QQS\? io/ Inakagn

6,/E [%]

05~ 100 VeV project parameters were achieved.
COL 0203 04 A8 S5 07 08 49 1 Option (1) is being prototyped and optimized, still
notable improvements are necessary.
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=

Or PANDA detectc Eﬂm,’/ - \ \




MBaH JloraweHko Cynep c-tay pabpuka: geTektop

Muon system

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

- i/ 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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MopgenunpoBaHue

L | 1 1 1 M} | 1 1 1
300 310 320 330 340 350
X, mm
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[1O MmoaennpoBaHUS

«[lonHoe» mogenupoBaHne

MopgenupoBaHue
poOXOeHns MopgenvnpoBaHue MopennpoBaHue
NepBUYHbIX NPOXOXOEHUS OTKIIMKa CUCTEM

YacTtuy yacTuy, yepes aetektopa
(MpoagykToB BELLEeCTBO (Bkntovas
aHHUrUNAUMK e aetekTopa SNEKTPOHUKY)

ne-)

MopgenupoBaHue

PEKOHCTPYKLUN
AaHHbIX

v

ncnosnb3yemM apPeKkTUBHYIO MoaenNb

«lNapameTpuyeckoe» mogenvposaHue

PaspaboTaHo MO ansa napamMeTpuyeckoro MoaenmpoBaHmsa BCEro getekropa u
nonHoro mogenuposaHunsa LUK, kanopnmeTpa, MIOOHHON CUCTEMBbI (HACTUYHO —

BHYTPEHHEro Tpekepa 1 cUcTeMbl naeHTUdMKaLMN)
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HetekTtop: oTr CDR Kk TDR

- ECTb YeTknn nnaH pa3BUTUA HEKOTOPbLIX MNOACUCTEM
- BHyTpeHHU Tpekep: ABe onumn
LleHTpanbHas apendpoBas kamepa: Ase onumn
Cuctema ngeHtuukaumn: ase onyum
CeepxnpoBogsinm MarHuT
MiooHHas cuctema
CKopocTb pa3paboTku orpaHnyeHa Konu4yecTBOM foaen U Hann4Ynem
pecypcoB
- ECTb MHTEpPECHbIE naeun, HO HET PECYPCOB AMA UX pa3padoTKu
- KoMBUHMpOBaHHbIN KanopuMmeTp
- BHyTpeHHUI Tpekep Ha NonynpoBOAHMKOBbBIX CEHCOpax
- [lononHuTenbHbIE BapUaHTbl CUCTEMbI NOEHTUUKaLUn
- Het nogen ana paspaboTku aTux naeu

- CoBceM He npopaboTaHbl HEKOTOPbLIE CUCTEMbI
- ASIC-n ans npeaBapuUTENbHOW 3NEKTPOHUKN
- OneKkTpoHuKa cbopa AaHHbIX
- Online KOMNBLIOTUHT
- Het nogen n HeQoCTaTOYHO CYLLECTBYHOLWMX KOMNETEHLUN



VBaH JloraweHko Cynep c-tay pabpuka: geTektop

BmecTo 3akoyeHuns

[MpoekT Cynep c-Tay habpukm akTUBHO pa3BMBaAETCS

YCKOPUTENbHbIN NPOEKT
- ECTb KOHUeNnTyanbHbIW NPOEKT

- Tekywas 3agada: JOCTUXKEHME NPOEKTHbIX MapaMeTpoB C Y4eTOM HennHenHon anHamuku (final
focus)

- CuHeprus c FCC-ee n Super KEKB

[eTtekTop
- ECTb KOHUeNnTyanbHbIN NPOEKT

-« [lo ocHOBHbLIM cucTeEMaM BegeTcs NnpoTOoTUNMPOBAHNE N AeTalibHOE NPOEKTNpoOBaHNe onumn,
pa3BnBa€eTCA nosiHoe mogesinposaHmne CUMCtTem

- Cnoxunacb u pacwmnpdeTcs Konna6opau,|/|;|

dunsmnyeckaa nporpamma
- ECTb AeTanbHbIN KOHUENTYyanbHbIA NMPOEKT (hnu3myeckasa nporpamma)
- PacwupsieTca getanbHoe MogenupoBaHue oTaenbHbIX Npoueccos, uenb - Physics book B 2023
- PaclwmpsieTca kpyr niogemn, BOBIeYEHHbIX B 00CyxaeHne omsnyecKon nporpaMmmbl
(MexxgyHapogHble coBellanus, lNapTHepcTBO, Snowmass,...)
CDVIHaHCMpOBaHVIe

- Crtpoutenbcto Cynep c-tay habpukm akTMBHO 06CyXgaeTcs B paMmkax nporpamMMbl pa3sutuns
HL®M (r.Capos)



