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> Muon System

CBPF

Centro Brasileiro
de Pesquisas Fisicas

RPC Muon - CMS HL-LH

C Upgrade (Phase-2):

System Muon: Upgrade nas FE/BE readout e RPC Link Board

Technical proposal CERN-LHCC-2015-010
Scope Document CERN-LHCC-2015-019

L1-Trigger/HLT/DAQ

Barrel Calorimeters

/
* ECAL crystal granularity readout at 40 MHz with precise timing for

* Tracks in L1-Trigger at 40 MHz
* PFlow-like selection 750 kHz output
* HLT output 7.5 kHz

Calorimeter Endcap —

* 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-SS

Tracker

* Si-Strip and Pixels increased granularity
* Design for tracking in L1-Trigger

* Extended coverageton = 3.8

MIP Timiag [ietéctor

efy at 30 GeV
* ECAL and HCAL new Back-End boards

__| Muon systems

New Hardware

e Control Board
e Link Board

» DT & CSC new FE/BE readout
» | RPC link -board
\ |« New H<n<2.4

« Extended coverage ton =3

Beam Radiation Instr. and
Luminosity, and Common Systems
and Infrastructure

/I

Precision timing with:
« Barrel layer: Crystals + SiPMs

Innovative and extremely challenging new capabilities

» Endcap layer: Low Gain Avalanche Diodes

;

New Slow Controller

e Control Board
e Link Board
e Online RPC_
o Real Time
o  Dashboard
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* Link Board/Control Board ..
Link Board system Overview
Update motivation

Present Link Board System

Upgrade Phase-ll of New Link system

Control & diagnostic
(LpGBT Link Protocol)

Control & diagnostic
(CcCU chain) 40 MHz LVDS cables 8

Control Board
LVDS cables

Link Board

_ Optic Links
480 ; - 90 m @ 10.24 GHz
g O?:tg ;..IIGIkGSHZ 1376 Link Boards 492 fibers
1376 Link Boards s fil:;ers = i1:1 1k)0821:(6)xces, - (before splitting)
in 108 Boxes, S teered by ontro
Steered by 216 Control (before splitting) Boards

Boards

Y
New Slow Controller

DI, Components

480 chambers in Barrel, 648 in Endcaps
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% New Link Board/Control Board

Centro Brasileiro

New Link Board system Overview
Based on Xilinx's Kintex-7 FPGA
(‘011:[1'91 Boald

Slow Control,
T i 2.56/5.12/10.24 GHz,
cables o) F N\ :
{ acions - ’c” . 216 Links
2z o 01 | 2 [#
~

- Link Board

Tl

Hit data Links

10.24 GHz
492 Links

1376 Link Boards
F in 108 Boxes,
*  Controlled by 216 Control Boards

Resistive Plate Chambers

Up to 6 layers of detectors.
480 chambersin Barrel, 648 in Endcaps

New Slow Controller

H

L OO0

FPGA XC7K160T - Version
Industrial

Redundant optical link
Remote programming
High-speed data transmission
at FIXED LATENCE
Point-to-point fiber optic
connection between the
control boards and the Slow
Controller
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SlOW Contr()”er e,
What is Slow Controller?
Slow Controller is Subsystem to monitor/control one or more systems

e e =3 FEE
7 : 1

S

2
=
=
-

Link| : The main function of the
- — Slow Controller in this
ol project is to prevent
> u [ ]
failures, monitor, and
P el |3 control directly by the user
S or automated control.
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Slow Controller
Slow Controller development

Implementation: FPGA-Kintex7, Rack uTCA and AMC13

/[ uTCA CrateJ_m_ AL \
Slow Controll e e

IPBUS - Eth

KC705 Evaluation Board

l Master Control I

CERN ||| == m | CBPF
end of year o o or / In progress
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'Slow Controller

Centro Brcsnenro_
sssssssssssssss

Slow Controller development
Hardware Implementation for Slow Controller

Big Challenge:

Integrate The
CMS Timing and

LHC Clock Simulate
TTC (clock, BO + signal

commands)

|_+

Control
Distribution

TCDS

System (TCDS)

In progress

uTCA - CRATE

Clock &
== Sgnal Tommands |

V9d4-199d71+Y1HN
V9dd4-199d71+Y4LHN

RPC-Online

V9d4-199d7+YLHN
V9d4-199d71+YLHN

' Kinte—7 E

|PBus-Ethernet

Link System

e ——

Bidi B8 B 0 0 0 0 o
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Centro Brasileiro
%=’ de Pesquisas Fisicas

~ Slow Controller
uTCA CRATE

Main Hardware modules

aaa

MTCA main KEY FEATURES
[ High-speed uTCA connectors |

(12.5 GHz)

d Up to twelve AMCs: 12 full-size
double-width ,
dJ AMC 13 + MCH o AL et

g o
'v\\*‘}\--— ‘
,s"ﬁz C L L L L L LT

9
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~ Slow Controller E— o
AMC13/MCH |

Main Hardware modules

The AMC13XG: a new generation

clock/timing/DAQ module for CMS
|.ITCA

Supports 10 gigabit optical fiber and
backplane interfaces

[ Implementation using Xilinx Kintex-7TM
FPGAs
[ pTCA MCH Ethernet switch

A External applications can perform READ,
WRITE, and RMW transactions on this bus
by way of Internet Protocol (IP) packets

MCH
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~ Slow Controller

uHTR
Main Hardware modules

MTCA Trigger and Readout Module (UHTR)

1 Front-end data links (1.6 Gbps and 4.8/5.0 Gbps)
1 Data links which carry DAQ data from front FPGA
to back FPGA (4 Gbps)

1 DAQ data output format to AMC13/DTC

d “QIE Reset’ broadcast TTC/TCDS command
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SlOW ContrO”er Sonuosrasire
Kintex-7 EVB
Main Hardware modules

New Control Board Unavailable yet! Solution: Using Kit
KC705 Evaluation Board

In process: New Control Board Kit KC705 Emulate Control Board
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= Preliminary and Expected Results

Overview

Final

Goal in

Now Setup Hardware 2022/23

Solution CBPF

O Test individual
modules

A Connectivity

1 Hardware
Integration

N Y Rl | 2.56/5-12/10.24 GHz,
easaepennlezt SHER) G 216 Links

LVDS cables

o -1 Hit data Links

New Slow Controller

3 10.24 GHz RPC Online
g (Tto - B uTCA-Crate
220 2 2z LS l 492 Links Software
1376 Link Boards Slow
Yy in 108 Boxes, C |
y Controlled by 216 Control Boards ontro =
Command
¢
Resistive Plate Chambers e
Up to 6 layers of detectors. 5 - CLOCK
480 chambersin Barrel, 648 in Endcaps Hlmgmm
Dia’gnias’tic <
Muon Rates
| LHC CLOCK
P

teos”
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_Preliminary and Expected Results

CBPF

Centro Brasileiro

2026

: de Pesquisas Fisicas
Overview
i New Slow Controll RPC Endcap
F I nal Setu p H a rdwa re e — Link board Box (LBB) Back-end /
RPC Onli
sofowal I Q1] it New Control board New Link board igger Loyer1
Slow GTX Downlink GTX
Control
Command ‘i‘, E
| |
Final Goal — \\MJ o el
a Diagnostic , e
I n Muon Rates
LH(/‘,: CLOCK
o

J
wete] > v
x )| Soltion: Using Ki K705 Eatusts o .
e So tlon. sing Ki " uate Boar SOI utl o n
Solution CBPF CERN
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~ Preliminary and Expected Results @
Overview

Expected Results in 2026
Slow Controller Operation-Online RPC (Back-End) software uses Slow Controller

[ Qy JL]N[

By Online RPC il e S

O FEB Threshold Setting ém=ﬁ

[ TTC clock precision adjustment (LHC) B oo o

d windows configuration open/closed )

[ FPGA configuration file (remote == =

programming) 8 ”

ee Menta oL

F. Marujo - Slow Controller - CBPF-Rio Collaboration - Workshop RENAFAE april 27, 2022 15



CBPF

Pre||m|nary and EXDeCted ReSUItS P Hcas
Overview

Expected Results in 2026
The ONLINE Software: Request/control services through Slow controller

CMS Online RPC @ oo g e i

D SIOW ContrOIIer §: ol é 100008 0 3 6 9 12 15 18 21 24 27 30
Calibration mode 5 __ ReC iy
Link Board Parameter | & «s- £ s |
Setting - 2 o “
Control Board Bin £

0 10 20 30 40 50 60 70

Parameter setting Bunch Croing Numer
Physics RUN s BT
Standby

Histogram
Diagnostic

Lol oon




 Technical Specification ..

Back-Up
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