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1. Introduction 'Y ©

MCORD applications

1. Muon identifier/trigger (from collision):
« pions and kaons decays
e rare mesons decays (n, p, J/Psi — dual muon)
2. Trigger for cosmic muons for:
« laboratory tests of different subsystems
 Cosmic calibration in off-beam time
« Veto for cosmic muons
3. Astrophysics (muon showers and bundles)
« identification of extremely high energy particle sources
« sensitivity for horizontal events
4. Modular construction — easy upgrade and/or alternative use
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1. Introduction

Sections and
Scintillators,

Single MCORD section
1744 x 735(675) x 50
[mm]
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1. Introduction

Mini MTCA (FPGA)

2 MCORD sections (2 x 8 scintillators) + AFE + DSP + DAQ,
! Feasible for laboratory tests of different subsystems
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2. Detector

MCORD Section

Position resolution
In X axis —up to 5 cm
InY axis — 7 cm

Time Resolution —
3 sigma on the level
8 x Rubber USB-C 8 x Rubber USB-C 700 - 900 ps

I SAS cable

Legend: S (violet) — plastic scintillator, M (blue) — SiPM, P (red) — power supply
with temperature compensation circuit, T (brown) — temperature sensor,

A (green) — amplifier, H (orange) — Passive Signal Hub & Power Splitter,

D (yellow) — MicroTCA system with ADC boards.
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2. Detector

Project of the mechanical connection
scintillator-SiPM-fiber-AFE board

Plastic scintillator: polystyrene (Nuvia)
162 x 7.2 x 2.2 cm

WLS fiber: 2 mm dia. (Kuraray)
SiPM (MPPC): 3x3 mm? (Hamamatsu)
Housing: aluminum profile

174 x 8 x 3 cm
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3. Analog Front End

The main boards ver.3:

MCORD AFE
EXT MCORD HUB

MCORD AFE

SIPM ASSY

I
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3. Analog Front End - functionality

> Voltage controller for SIPMs
> Access to all settings and data from HUB via CAN-bus interface

> Protection for AFE > Main blocks
s ~N > Embedded CPU (STM32F072CBU6)
> LDO 3 » SiPM > Temperature sensor (LM45)
é i > SiPM voltage controller + LDO (Low
J F ‘é’ Dropout Regulator)
g: — > SiPM calibrator
N | CPU [ S > SiPM signal transmitter to HUB
4 —Tempmess (differentia signal)
¥ il > CAN network driver
CAN SiPM Line > Measurements (12 bit ADC)
driver calibrator | | grjyer > 2 x SiPM voltage
L X l—l > 2x SiPM current
HUB Conn'ecior > 2 x SiPM VCC volatege
- 1k / > 2 x SIPM temperature
ﬂ > Control (8 bit DAC)

> 2 x SiPM voltage
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3. HUB - functionality

> Mikro PYTHON programing H
> PoE supply - ~
> Generation of 5V and 70V AFE connector X8
A d} A
> ETH <-> CAN 3
0O
> Distribution of signals from AFE §’§ CAN
to SAS cables " dr'Xer R ?_téglss
> Status LEDs on AFE ASSY and v |
. EN - —
HUB for quick fault oeo | SiPMs
identification C |Lme CPU Ca'(')'?]rat' 3
A _me %
> (Generation of calibration g ] =
signals to AFE N @
. . CAN/D Ethernet il
>STM32 CPU with microPython Ay / External SAS
connect Modbus/ Calibrati connect
USB/ on or
or CAN
=
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3. MCORD readout system schematic ﬁﬁ

i diagram

HUB > Fmic . ——| DAQ

MicroTCA
Carrier Hub
AMC FPGA

EM . (MCH Tongue 3)
Sl :> Xilinx FPGA

MAIN 12 on board
X

SIPM = AFE _

i~ 1 Main MCH

SCADA

s HUB ! FMC —

=

|-

! 4p

—

. AFE
SiP » i

iPM
SN EqDb
Il 5 | Equipment

o

I & | Another sub-trigger system Database

£] O (AFE + FMC + AMC +MCH)

s

I |

- N _
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3. Triger lu T

Data processing

o Latency estimation for L1 trigger (event without parameters)
v AFE cabling 8ns/m, with 10m cabling latency is 80ns

v ADC + SERDES latency: 400ns

Estimated total latency for fast trigger: 1us or better

o Latency estimation for L2 trigger (event with parameters)
v MGT latency: 500ns

v Algorithm latency : 2-5us

v Formatter and transmitter latency: 1us

Estimated total latency: 3.5 — 7.5us

Latency estimation for L3 trigger (between MTCA systems)
MGT latency: 500ns

Fiber latency: 500ns + 8ns/m

Algorithm latency : 2-5us

Formatter and transmitter latency: 1us

Estimated total latency: 10 — 15us

v
v
v
v
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4. Laboratory tests
Measuring system

Plastic scintillator in an Managed control system Converter of signals Digital multi-channel
aluminum housing with an for AFE power supplies received by SAS cable to amplitude acquirer by
AFE amplification system mounted in boards. Up to appropriate single BNC CAEN for analysis of
and a Hamamatsu MPPC 8 boards can be channels for each MPPC received signals
photodetector connected once

DNy, aoncur Workshop Heavy-lon Collisions Physics
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4. Laboratory tests — 1st step

One Plastic MCORD detector
+ 2 plastic hodoscopes (muon trigger)
+ DAQ: CAEN DT5730
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4. Laboratory tests — 2nd step AAd

3x plastic MCORD detectors

+ 2x plastic hodoscopes (muon triggers)

+ DAQ: CAEN DT5730

40?;“;'“‘3} Energy

- (amplitude recorded by SiPM)

- e

_.J'_..: FoF
1 fu

Ext. -j test setup

Number of cou

g ToF
b4 b1 (between both ends of a scintillator)
Plastic (162 x 7.2 x 2.2 cm) + WLS fiber (1 mm) + 2x MPPC 3 x 3 mm (pixel size 75um)
Hodoscopes: plastic (5 x 5 x 5 cm) + PMT (2” dia) - 99,5% efficiency
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4. Laboratory tests — 3rd step

Self trigger multi test setup

Target geometry of the measurement system. Alternate geometry. One of the boards is
There is an area of coincidence between the responsible for the gate to the others,
boards at each crossing of the boards. In this creating with them appropriate areas of
juxtaposition, each board is in a coincidence coincidence at their intersections

with two different boards
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4. Laboratory tests - summary WH

WLS fiber (1 mm)
CRT (0)=095ns ===>¢5,=7.1cm

07"‘ T Lo ! T
460 480 500 520 540 560 580 600 620 640

Channels
o——————T T T T T T —
40
r WLS fiber 2 mm
"‘g i or = 0.67 ns
330
l®) L
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WLS fiber (2 mm)
CRT (6) =0.67 ns ===>¢5,=5.1cm

Channels

1] ‘
460 480 500 520 540 560 580 600 620 640

(!) improved timing resolution for 2 mm WLS fiber (!)
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4. Laboratory tests - Simulations (EAS) #K2AS

Cofluxim - cosmic ray generator

for subsystems calibration study
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The concept of particle generation: Plot of all hits on the surfaces of
drawing particles on the generation TPC, ToF and MCORD detectors.

cube walls.
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4. Laboratory tests - Simulations (EAS)

sgrt{pom(H 40, 2} powity-H0y. 2} powlt -402,2)) {10 88 H && (M7 | m5 | m) && {m21 | m19 || m23) &4 pes1 6]

TPC calibration using MCORD triggers -
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track length inside TPC
Calculated for muons with momentum
p>1.6 GeV/c.
MCORD MCORD modules MCORD & TPC
configuration (ID numbers) (tracks per hour)
(Sor7o0r9
D and (19 or 21 or 23) 178 822
(10 or 12 or 14)
E and (24 or 26 or 0) 50 894
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V7 =
An example of a possible application ﬁﬂ
of the MCORD sections

Big cylindrical detector + Phase Zero conceptions

28 Modules (3 section each) || 6 MCORD section + miniBeBe
Size: 4784 x 735 x 140 mm

2 MCORD section + other detector
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CDR publictation
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AsstracT: This report presents a concept of construeting a detector dedicated for detection of muons
. H observed during measurements carried out at the MPD (Multi-Purpose Detector) detector that is

https - //d OI - O rg/1 0 - 1 0 88/1 74 8-02 2 1 / 1 6/1 1 /P 1 1 0 35 currently under construction at the NICA facility, Russia, Dubna. It has been proposed to design and
build an additional detector that will complement the current MPD set and increase its measurement

capabilities. The main goal of this project is to provide information from cosmic muons that pass
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