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The muon system
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The muon system
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The muon system

-

Largest subsystem in the LHCb detector
Subdivided into quadrant, station and region

Based on Multi Wire Proportional Chambers
(MWPC)

Stations alternate with iron filters

Mainly used for particle identification but
tracking is possible

Muons at final stage of many B meson decays

Good performance of the muon system is crucial
for LHCb physics
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The DAQ Chain

* 1104 chambers (MPWC)

« Up to 14 FEBs per chamber

* 144 nODE with 4 SYNC each

» Up to 48 used channels per SYNC and 8 channels per FEB
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The DAQ Chain

DC-DC
Converter

Receivers
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The HV Chain

« MWPC must be supplied with high voltage

« Different supply chains for the different

regions, PNP| HV-system (R3, R4) vs. RDB/ Master/
CAEN HV-system (R1, R2) EasyBoard EasyCrate

\
Hv/

Chamber
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The HV Chain
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“The Cabling problem*®
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This is a lie...

DAQ

nODE

RDB/

HV

EasyBoard
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This is }{e less of a lie...

-

Rather messy cabling

In total: ~50 000 connections
Not a one-to-one mapping

between the different
components

Hard to maintain...
BUT well-defined
relationships between
different physical
components

Organize data in a

HV
DAQ / RDB/
J . ——] EasyBoard
- FEB
= 0 G - —
nODE S, f/‘*@ Chamber— —
- = aster/
‘L = FEB EasyCrate
= =~ _|FEB
nODE - l FE,B Chamber Y
S ——rB

relational database!
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The solution
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Building the database

Axt files

S S

Relational Database
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B connectionsODECH_CMBFEB.txt

u u 1 QIM5R42 2 30D 02 ©
2 QIM5R42 2 13 MA 30D 02 1
u I I 3 QIM5R42 3 16 MA 31A 00 ©
4 QIM5R42 3 17 MA 31A 00 1
5 QIM5R42 3 18 MA 31A 01 @
6 QIM5R42 3 19 MA 31A 01 1
7 QIM5R42 3 20 MA 31A 02 @
8 QIM5R42 3 21 MA 31A 02 1

9 QIM5R42 3 @ MA 31B 00 0
10 QIM5R42 3 1 MA 31B 00 1
11 QIM5R42 3 2 MA 31B 01 @
12 QIM5R42 3 3 MA 31B 01 1
13 QIM5R42 3 4 MA 31B 02 @
14 QIM5R42 3 5 MA 31B 02 1
15 QIM5R42 1 @ MA 31C 00 @
16 QIM5R42 1 1 MA 31C 00 1
17 Q1M5R42 1 2 MA 31C 01 @
18 QIM5R42 1 3 MA 31C 01 1
19 QIM5R42 1 4 MA 31C 02 @
20 QIM5R42 1 5 MA 31C 02 1
21 QIM5R42 3 32 MA 31D 00 ©
22 QIM5R42 3 33 MA 31D 00 1
23 QIM5R42 3 34 MA 31D 01 ©
24 QIM5R42 3 35 MA 31D 01 1
25 QIM5R42 3 36 MA 31D 02 ©
26 QIM5R42 3 37 MA 31D 02 1
27 QIM5R42 3 24 MA 32A 00 0
 ee— | 28 QIM5R42 3 25 MA 32A 00 1
e— 29 QIM5R42 3 26 MA 32A 01 @
30 QIM5R42 3 27 01 1

 S—
T —

Axt files
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uilding the database

E® Oracle SQL Developer : C:\Users\jkann\cemboxAWINDOWS\Desktopissp_database_creation.sq

Connections ssp_database_creation.sql
-V 7HED SQL Worksheet  History
- 55P_Chamber “ArEu-9@ B &¢ &2 8 e
-8 55P_Channel_Sync
- 55P_Connection_FEB_to_ODE pioikehess | Query Buider
- 55P_EasyBoard - N
@E S5P_EasyCrate f—— Table structure for table "S535P_EasyBoard"” ¥
- s5p_FEB -
- 55P_Logical_Channel_FEB :
[E s5P_master_Module :
- ssP_ODE 'CREATE TABLE "355P_EasyBoard” |
- ssP_RDB | "EasyBoard_id" NUMBER{19) NOT HULL,
3-[E ssP_svNC | "Nun_Connected_Chambers” HUMBER(5) DEFAULT HULL,
- (3 views | "EasyCrate_id” VARCHAR2(2) NOT HULL,
= (38 Indexes ' "IsUsed” NUMBER(l) DEFAULT HULL,
---- ﬂ CH_CMB_PK PRIMARY KEY ("EasyBoard_id"),
----- @ CMB_DIALOG_CH_PK COHSTRAINT "FK_EasyCrate_T0_EasyBoard” FOREIGH KEY ("EasyCrate_id") REFEREHCES "55P_EasyCrate” ("EasyCrate_id")
----- 048 CONNECTIONS_PK K
---- 04 idx_Chamber_id
..... ,ﬂ idx_Channel_Sync_id (:REM'E INDEX "idx_EasyCrate_id” OH "S5P_EasyBoard” ("EasyCrate_id"):
----- 04 idx_EasyBoard_id
----- 04 idx_EasyCrate_id j==
..... @ idx_FEB_id 3-- Dumping data for table “355P_EasyBoard"
----- 048 idx_Master_id ==
----- 04 idx_Sync_id .
""" ﬂ MD_ADDITIONAL_PROPERTIES_PK ELOCK TABLE "355P_EasyBoard” IN EXCLUSIVE MODE;
----- o8 MD_APP_FILE TYPE IDX 4 THSERT ALL
Reports x| = INTO "33P_EasyBoard” ("EasyBoard id, "Mum_Connected Chawbers”, "EasyCrate_id”, "IsUsed”) VALUES (53,8,'A2',l)
AllReports ]:\I‘l‘l] "35P_EasyBoard” ("EasyBoard_id, "Num_Connected Chambers"”, "EasyCrate_id"”, "IsUsed”) VALUES (67,8,'C2',1l)
@v--ﬁAnaIyticViewReports mo "55P_EasyBoard" ("EasyBoard id, "Num Connected Chambers"™, "EasyCrate_id”, "IsUsed”) VALUES (69,8,'C2',l)
é»»»ﬁDataDictionaryReports INTI] "$5P_EasyBoard” ("EasyBoard_id, "Num_Connected Chambers"”, "EasyCrate_id"”, "IsUsed”) VALUES (77,8,'Al',l)
[i)»-ﬁoataModeIerReports Em'm "35P_EasyBoard” ("EasyBoard_id, "Num_Connected Chambers"”, "EasyCrate_id"”, "IsUsed”) VALUES (79,8,'Al',l)
@v--QOLAPReports m‘ro "55P_EasyBoard" ("EasyBoard id, "Num Connected Chambers”, “EasyCrate_id"”, "IsUsed”) VALUES (119,8,'Cl',l)
é»vvﬁTimesTenReports JINTO "55P_EasyBoard” ("EasyBoard id, "Num Connected Chambers”, "EasyCrate_id"”, "IsUsed") VALUES (l121,8,'Cl',l1)
é»»ﬁUserDefinedReports INTO "55P_EasyBoard” ("EasyBoard id, "Num Connected Chambers”, "EasyCrate_id", "IsUsed”) VALUES (123,8,'a2',1)
INTO "55P_EasyBoard” ("EasyBoard_id, "Num_ Connected_Chambers”, "EasyCrate_id”, "IsUsed") VALUES (130,8,'C2',l)
fIHTO "55P_EasyBoard" ("EasyBoard id, "Num Connected Chambers”™, "EasyCrate_id"”, "IsUsed”) VALUES (139,0,'Al',0)
f]:NTl] "$5P_EasyBoard” ("EasyBoard_id, "Num_Connected Chambers”, "EasyCrate_id"”, "IsUsed”) VALUES (142,8,'Cl', 1)
}m'm "35P_EasyBoard” ("EasyBoard_id, "Num_Connected Chambers”, "EasyCrate_id"”, "IsUsed”) VALUES (146,8,'A2',1)
}m‘ro "55P_EasyBoard" ("EasyBoard id, "Num Connected Chambers”, “EasyCrate_id”, "IsUsed”) VALUES (150,8,'A2',1) v
— 44 ) 4
| Line 1 Column 1 | Insert | | Windows: CF
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Building the database

Relational Database
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Entity-Relationship-Diagram

] ODE v
ODE_id VARCHAR(8)

Quadrant TINYINT
Station TINYINT

] SYNC v
Sync_id VARCHAR(10)

Num_Connected_Channels TINYINT

Region TINYINT
Sync_number TINYINT

ODE_number TINYINT
1 more...
Side VARCHAR(2) >
Num_Connected_Syncs TINYINT
|

Hi- —

"] Connection_FEB_to_ODE v
! Logical_Channel_id VARCHAR(16)
! Channel_Sync_id VARCHAR(14)

0

| FEB

"] Channel_Sync v "] Logical_Channel_FEB
Channel_Sync_id VARCHAR(14)

v
Logical_Channel_id VARCHAR(16)

FEB_id VARCHAR(13)
FEB_number TINYINT

2 Sync_id VARCHAR(10) Logical_Channel TINYINT |— H

Channel_Sync_number TINYINT » FEB_id VARCHAR(13)
> 4

» Chamber_id VARCHAR(7)

Num_Physical_Channels TINYINT

>

» Entity-Relationship-Diagram (ERD) is a common way to visualise relational

databases

 Displays tables (Entity) and columns (Entity attributes) and relationship

between the tables

+

~| RDB v
RDB_id INT
Num_Connected_Chambers TINYINT
Master_Channel TINYINT

& Master_id TINYINT

—H
H—— —I<

| Master_Module v
Master_id TINYINT
Server VARCHAR(1)

"] Chamber v
Chamber_id VARCHAR(10)
Chamber_name VARCHAR(4)

Num_Connected_FEBs SMALLINT
Side VARCHAR(2)

Num_Connected_RDBs TINYINT
Num_Connected_Chambers INT

Station VARCHAR(2) >
Quadrant VARCHAR(2)
Region VARCHAR(2)

RDB_id INT | EasyCrate v
EasyBoard_id INT EasyCrate_id VARCHAR(2)
> BranchController VARCHAR(4)
\'4 Num_Connected_EasyBoards TINYINT
: Num_Connected_Chambers TINYINT
| 4
|
b F
' |
|
|
|
|
|
|
+ A
| EasyBoard v

EasyBoard_id INT

Num_Connected_Chambers TINYINT
» EasyCrate_id VARCHAR(2)

IsUsed TINYINT(1)
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Entity-Relationship-Diagram
 In comparison: ERD similar to actual cabling of the electronic components

é Relational database is a representation of the physical cabling

/ RDB/

J [ P EasyBoard

F————"

nODE E*_L _\ . FE,B Chamber— Mastef/l -
[] \ FEB EasyCrate
By
C R

nODE H—=_ 1 =~ |Chamber{— e
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Applications
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Control room ready

Professional

 Database is finished

7
WinCC"
e

* Next: Making it accessible for improved muon operation

9 Design a GUI that allows users to obtain
information from the database

* Tool for this is the WinCC SCADA System
* Used in the control room to maintain the

detector
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i C C E d I t
Gedi (MU_TEST_CONNECTION - MU_TEST_CONNECTION; #1) - SSP_MuonDetective.pnl x

Module Panel Edit View Layout Objects Format Windows Help Tools Simple Symbols JCOP Framework LHCb Framework SysMgm
DEPEB LWMAL XOBL ¢a [EYPE W FiNSBEERL0B8Ivd
MRM\ND00 90 R A M REEIEE o B E=EF DO M® O mE

i @ mmigdEPDEREH OwwEORS®»>HEOGW

LZeo==TmE = = (78 & £ 1 oo ]-] 5 [ [ engiih, Us fen_Us.utfal

Project View @& Property Editor
®| |~|| standard [ Extended
Name Property Value
» i 3.16 Name MuonDetective
» ) fwinstallation Typename
» {# fwComponents_MU_TEST_CONNECTIC | » Refpoint  [180,138]
~ {f) MU_TEST_CONNECTION v Size [925,764]
» [ scripts x 925
» [Z Libraries Y 764
Horizontal... Preferred
» =i Message Catalogs Vertical Si... Preferred
» (3 pata Layout Bo... 9
» (3 Configuration Layout Le... 9
(23 Datapoint Lists Layout Ri... 9
» [ Pictures Layout To... 9
Layout Sp... 6

%) Color Databases Layout Type None
> " Panels Active La... 11111111
Keep in M... TRUE
LangChan... FALSE
Panel Bac... ] _3DFace
Reference...
Restore M... FALSE
Runtime ... FALSE

. All Objects
1

¥ Start Zoo... [-1,-1]
x -1
v -1
Event Script
ScopeLib -script defined-
Initialize
Clicked
Close
DoubleClicked
DragDrop
DragEnter
| GestureTrigg...
LangChanged
RightMouseP...
Terminate

Wheel | :
Zoom & {-| List Channels i i List Chambers Clear Table

K1l | ——
Ready
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Running Muon Detector

Detective (MDD) panel

* Running panel allows users to
enter different components by
their identifier

* In return gets information about
the component

» Opportunity to list relevant

Muon Detector Detective

Thu 15-Aug-2024 11:21:33 AM

— Get Chamber Information

M3A22B

Quadrant Station Region RDB Master CH Master Module Server
1 3 3 84 7 12 A

FEB id FEB number

M3A22B-06
M3A22B-07
M3A22B-08
M3A22B-09
M3A22B-10
M3A22B-11

# Physical Channels A

H O WO
NNNNNN

1
1

List FEBs List ODEs List ODE Channels Clear Table

Messages

Chamber found.

— Get FEB Information

M3A22B-06

Quadrant Station Region Chamber FEB # Physical Channels
1 3 3 22B 6 2

ODE id ODE number  # Used Channels
Q1M3R32 2 168

List Logical Channels|| List ODEs | | List ODE Channels | Clear Table
Messages

FEB found.

—Get ODE Information

QIM3R32

Quadrant Station Region # Connected Sync # Connected Channels

—Get RDB Information

84

Master Module Master Channel Server # Connected Chambers

channels or connected devices N I L e ’ AL
Sync Channel # Connected Chambers -

for that component : a2
3 43 1
3 44 1
3 45 1
3 46 1 -

List Channels List FEBs List Chambers Clear Table List Chambers Clear Table
Messages Messages
ODE found. RDB found.
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Conclusions and Prospects

CERN
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Conclusion

« Database is finished and running
« WIinCC panel is working as expected
« MDD panel is useful for muon operation enhancing troubleshooting in case of occurring

errors

Prospects
« Connect the panel to the other panels of the muon ECS
« Add new functionalities to the panel (e.g. masking channels, setting time delays)

 Possibly include other electronic components into the database (e.g. Intermediate Boards)
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Thank you for your attention!
Any questions?
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More on the muon detector geometry

» Four gaps per MPWC

« Different regions have different detector granularity

 Vertical and horizontal readout strips for two-

dimensional tracking

|
|

 Strips produce binary “hit” or “no hit” information

1

\ R1| R2 |<— R3 —&»
BEAM PIPE

Source: Paolucci L.; The LHCb Muon Detector Upgrades. ICHEP 2022

Chamber VERTICAL STRIP
HORIZONTAL
I & gTRP
»
\
* LOGICAL
PAD
R3 "
Y .
AS 1
e
axll 111
O | 4—— R4 —>

CERN . . .
\/wl Jonas Kann | Untangling the Cables: Streamlining Muon Detector Operation
N7

29.08.2024

30



Layout of the chambers

Q1 Access side Cryogenics side

Q4

CERN
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Data path

ECS path

The nODE board

* Four nSYNC chips already discussed

TFC path

« GBTx is a serializer-de-serializer chip receiving and
transmitting serial data at 4.8 Gb/s (one per SYNC)
» GBT-SCA to provide the slow-controls interface to the

front-end electronics

ulr =
(=) e

nSYNC B

Master
Section

* VTTx transmits data from nSYNC to the TELL40
boards
* VTRX transmits TFC and ECS information to SOL40
boards
input data
Source: S. Cadeddu, P. Ciambrone; Muon Front-End Data Format‘
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More accurate scheme of HV system

PNPI HV system

RDB

Chamber

N

A
controls

Master \'{

Matsusada

OpalKelly

/(pplies

7
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More numbers...

DAQ

* 144 nODE — 576 available SYNCs but only 560 SYNCs used

* 48 channels per SYNC — 27648 channels in total but only 24288 used

* 1104 chambers with up to 14 FEB, up to 8 channels per FEB

 Total number of FEBs: 5616, total number of logical FEB channels: 34176
* Number of Connections between FEB and SYNC: 49152

HV

* 112 RDBs, each connected to 9 chambers

« 16 Master modules, each connected to 7 RDBs

« 18/20 EasyBoards used, each connected to 8 chambers
« 4 EasyCreates, each connected to 9 EasyBoards

\
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Primary key and Foreign key

* Primary keys serve as unique identifiers for the

elements in a table ORDER-ID | PRODUCT | TOTAL | CUSTOMER-ID

. . . . 101 PRINTER 124 4
* Foreign keys link data in one table to the data in 55 o i >
another table by pointing to a unique value (often 103 LAPTOP 323 3
the primary key) in the other table W2 | TEMMMGE 1 B b
105 MOUSE PAD a7 1
9 Create a way of cross-referencing two tables RELATIONSHIP T

PRIMARY KEY —> | CUSTOMER-ID| FIRSTNAME | LASTNAME | AGE CITY

1 LYANNA | MORMONT | 16 PARIS

2 SHELDON COOPER 12 ZURICH

3 MANNY DELGADD | 23 BOGOTA

4 RAJESH KAPOOR 44 NOIDA

5 JON SNOW 35 LONDON

Source: Shiksha, Difference Between Primary Key And Foreign Key

< FOREIGN KEY

CE/RW
\

N7
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Entity-Relationship-Diagram Notation

B
—_—r

N

Entity (Table)
One /
] ODE v

Many ODE_id VARCHAR(8)

Quadrant TINYINT

Station TINYINT ]

. Attributes

One (and only one) Region TINYINT

ODE_number TINYINT (Columns)

Side VARCHAR(2)

Num_Connected_Syncs TINYINT
Zero or one

>

One or many

 Dotted line: non-identifying relationship

Zero or many  Solid line: identifying relationship

CE/RW
\

N7
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00

@’@ |
Masking nODE Channels VCH

Additional Work

Quadrant
Q1 -

« Designing a new panel to mask/unmask nODE

Station
M2 | -

Region ODE number ‘
RI = 1 -

— Specify SYNC

channels

v Specify SYNC?

SYNC number |1 |~ i

* Query channels for specific ODE from database

« Get information about the masking state from a

Ln

specific config file

« Change masking state of channels via click in the

e e e e ]
O ko

panel, do backup and then update config file

—nODE Channels

ync  Channel # Connected Chambers Active *

=3

= b b b b

List Channels

-

Update Config| | Clear Table

— Messages

ODE/SYNC found.

Save changes

R . . .
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