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Introduction

* Project

— Improve and organize the multiple codes/programs, so that they are
accessible and user-friendly for future users to run their detectors to
collect the data from the Wire Chambers

 Fermilab Test Beam Facility
(FTBF)

 The Fermilab Test Beam Facility
(FTBF) is a location that has a beam
of high energy particles for
researchers’ (users’) detectors.

« The FTBF has two beam lines,
MTest and MCenter, which provide a
variety of particle types such as
proton beam and secondary beams
with muons, pions, electrons, and
kaons.
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Multi-Wired Proportional Chambers (MWPCSs)

¢ 128 wires are placed in a perpendicular - . : ‘
position o
It was designed to reduce the amount
of matter in the path of the beam.
When the beam is passing through
these chambers, it will hit these wires
causing them to collect data of where
and when the beam hits

Particle

¢ Due to the intense level of the
beam, these chambers sometimes
o have inefficient collecting data

Each chamber can only handle a
certain level of voltage
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« Time To Digital Converter

 Each chamber carries four non-metric
amplifier discriminator cards, 16 in total,
called TDC.

» The read-out software is written in Python
and executes on a computer running Linux
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Beam Overview

« MTest

* is the primary beam, which
carries high-energy protons
that are 120 GeV at
moderate intensities.

* can create secondary
particles of energies about 1
GeV, which are pions,
muons, and/or electrons.

« The MTest is used for a
short period of time due to
overheating.

MCenter

This beamline is used for long-
term experiments. Rather than
the MTest due to the summer
shut down.

This beamline carries the same
particles as the MTest, yet there
Is the addition of a tertiary
beamline.

It can produce pions and/or
protons down to energies of
0.20 GeV.

Both of these beamlines have about an equal
amount of facility infrastructure and

Instrumentation.
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Figure 2
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Instrumentation

« Both MTest and MCenter contain detector
instruments for tracking, particle identification,
and triggering.

* These include
scintillators, Cerenkov

Trigger Devices detectors, lead glass

S mirmon calorimeters, silicon
s e detectors, time-of-flight
= — T Systems, and Wire
chambers.

_' * These systems can work

”%E.i.ﬂ;mf'%\'mc; = “wﬁ:“ ;ﬂ%; = T alone and come with their
: WTe.2 DAQ system or they can
P v be integrated into the
wer | G| user’s setup.

*  Quad Scalar in Crate S6E I Signal Cable (RG38)
¥ Electronics Rm
*  Alcove Ctrd Rm "= Air Core Signal Cables

Figure 3
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Processing a Collecting Data

« OTSDAQ
* a Ready-to-Use data- Step 5:
acquisition (DAQ) solution Step 1
aimed at test-beam, Collecting Data seen in
detector development, the console Open the State
and other rapid- Machine
deployment scenarios. Collecting application

* it provides a library of
supported front-end
boards and firmware

Data From

Step 4: OTSDAQ Step 2:

modules.
_ Open the Console Configure the
* CO”e_CtS data, as seen in application, while the program
the figure

State Machine is open
too

Step 3:

Run the program
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ArtDAQ

» The toolkit currently provides
functionality for data transfer,
event building, event
reconstruction and analysis
process management, etc.

« DAQ process and art module
configuration, and the writing of
event data to disk in the ROOT
format.

ROOT

A modular scientific software toolkit. It
provides all the functionalities needed
to deal with big data processing,
statistical analysis, visualization and
storage.

It is mainly written in C++ but
integrated with other languages such
as Python.

Included are histogramming methods
in 1-3 dimensions, curve fitting,etc. to
allow an easy setup for the process
data to be seen as a visual.

ROOT and

TDC
Sends
Data

[ OTSDAQ

ArtDaq uses
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Code

Pwd: /data-08/otsdaq_dev_neomy/srcs/otsdaq_fermilabtestbeam/otsdaqg-fermilabtestbeam/ArtModules
vi WireChamberDQM_module.cc

Declaring the variable

64 TH2F* h2 profile [MAX CHAMBERS];

65 TH1F* h time [MAX CHAMBERS];

66 TH1F* h timediff [MAX CHAMBERS];

67 TH1F* h tdc [MAX CHAMBERS] [MAX MODULES];
68 TH1I* om hits ;

69 TH1F* om tdcs ;

70 TH1F* om times ;

71 TH1F* h xslope ;

72 TH1F* h xintercept ;

73 TH1F* h _yslope ;

74 TH1F* h yintercept ;

75 TH1F* h xmwpc [MAX CHAMBERS]; =
76 TCanvas* profiles canvas ;

77 TCanvas* times canvas ;

78 TCanvas* timediffs canvas ;

79 TCanvas* tdcs canvas ;

80 TCanvas* om canvas ;

81 TCanvas* beampos canvas ;

82 TCanvas* xmwpc canvas ; //My program ¢

Book Canvas - uses the ROOT classes to split the canvas into four sections

921 // Setup xmwpc canvas

522 container.xmwpc canvas = new TCanvas((name + "-XMWPC" + keySuffix).c str());
523 calcXY(MAX CHAMBERS, x, V);

524 TLOG DEBUG("WireChamberDQM")

525 << "Dividing XMWPC into " << x << " x by " << y << " y plots." << TLOG ENDL;

526 container.xmwpc canvas ->Divide(x, y);

527 container.xmwpc canvas ->Update();

528 //((TRootCanvas*)container.xmwpc canvas ->GetCanvasImp())->DontCallClose;

529 container.xmwpc canvas ->SetTitle(("Wire Chamber XMWPC" + titleSuffix).c str());
530 }
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Book Histos—> uses the ROOT classes above to create the desired histograms. This can be
numbers of bins and the ranges of both x and vy.

571 // XMWPC Book Histos

572 container.xmwpc canvas ->cd(ichamber + 1);

573 pad->SetLogx();

574 pad->SetLogy();

575 container.h xmwpc [ichamber] =

576 new THIF(ss.str().c str(), ss.str().c str(), 5, 0.0, 1000.00); rm———
577 container.h xmwpc [ichamber]->SetXTitle("Time (s)");

578 container.h xmwpc [ichamber]->Draw();

579 container.h xmwpc [ichamber]| =

580 (TH1F*)container.xmwpc canvas ->GetPad(ichamber + 1)

581 ->GetPrimitive(ss.str().c str());

382

626 container.profiles canvas ->Modified();

627 container.profiles canvas ->Update();

628 container.tdcs canvas ->Modified();

629 container.tdcs canvas ->Update();

630 container.times canvas ->Modified();

631 container.times canvas ->Update();

632 container.timediffs canvas ->Modified();

633 container.timediffs canvas ->Update();

634 container.xmwpc canvas ->Modified(); //My Histogram (Modified)
635 container.xmwpc canvas ->Update(); //My Histogram (Update)

636 container.om canvas ->Modified();

637 container.om canvas ->Update();

638 container.beampos canvas ->Modified();

639 container.beampos canvas ->Update();

640 if(writeOutput )

641 {

642 container.profiles canvas ->Write(©®, TObject::kOverwrite);
643 container.tdcs canvas ->Write(0, TObject::kOverwrite);

644 I container.times canvas ->Write(0©, TObject::kOverwrite);

645 container.timediffs canvas ->Write(®, TObject::kOverwrite);
646 container.xmwpc canvas ->Write(0, TObject::kOverwrite); //My program S
647 container.om canvas ->Write(®, TObject::kOverwrite);

648 }

13 8/4/2019

Neomy O. Gutierrez | Improving code for future users for the Wire Chambers (MWPCSs)

2% Fermilab



Fill 2 pulls the data from the electronic modules in the control room and plots it into

the desired histogram. It then transfers the final histogram on the canvas created.

822
823
824
825
826
827
828
829
830
831
832
CEE

// Fill tdc hit distribution
spill histos .h tdc [chamber][chamberModuleNumber]->Fill(tdc);
spill histos .om tdcs ->Fill(tdc);

spill histos .om hits ->Fill(chan + 64 * (evtPtr->TDCNumber - 1));

spill histos .h xmwpc [chamber]->Fill(tdc); //my xmwpc =
if(aggregateHistosEnabled )
{

aggregate histos .h tdc [chamber][chamberModuleNumber]->Fill(tdc);

aggregate histos .h xmwpc [chamber]->Fill(tdc); //my xmpc

aggregate histos .om tdcs ->Fill(tdc);

<

aggregate histos .om hits ->Fill(chan + 64 * (evtPtr->TDCNumber - 1));

1

Write - creates a directory in root where all the canvases are stored

14

msg.WriteObject(container.profiles canvas );
msg.WriteObject(container.tdcs canvas_ ) :
msg.WriteObject(container.times canvas ) ;
msg.WriteObject(container.timediffs canvas )
msg.WriteObject(container. . xmwpc canvas ); //me
msg.WriteObject(container.om_ canvas_ ) :

networkStreamer ->send(std::string(msg.Buffer(), msg.Length())):

X
if(writeOQutput )
{
if(isSpill && directoryForEachSpill )
; B
TDirectory* dir = fFile ->mkdir(
("Run”" + std::to_string(run) + "Spill" + std::to_string(event)).c str (),
("Run " + std::to_string(run) + ", Spill " + std::to_ string(event))
W a5 0 &
dir->cd():
container.profiles canvas ->Write(©@, TObject::kOverwrite):;
container.tdcs canvas ->Write(6, TObject::kOverwrite);
container.times canvas ->Write(©, TObject::kOverwrite);
container.timediffs canvas ->Write(®, TObject::kOverwrite);
container . xmwpc canvas ->Write(©, TObject::kOverwrite); —
container.om canvas_ ->Write(®, TObject::kOverwrite);
fFile ->cd();
dir->write();
delete dir;
¥
container.profiles canvas ->Write(®, TObject::kOverwrite):;
container.tdcs_ canvas ->Write(©, TObject::kOverwrite):
container.times canvas ->Write(©, TObject::kOverwrite);
container.timediffs canvas ->Write(®, TObject::kOverwrite) ;
bl container.xmwpc canvas ->Write(©, TObject: :kOverwrite);
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Histograms

* From the data gathering, there was a total of ten spills. Each spill creates six
histograms from ArtDAQ and ROOT.

« Other then the ten spills, there is the last section called “All Spills,” which
calculates and diagrams the average of all ten spills.

All Spills:

MWPC1 MWPC2

Profile Hits:
- Bothxandy are

20

40

measured in mm
- X Ranges from 0-120
- Y Ranges from -120-0

60

80

- Intensity level from O-
6000

MWPC3 MWPC4
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Online Monitoring
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Hit Profilas
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Time Differences
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XMWPC: shows the intensity of the beam hitting the chambers (1-4)
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Future Work

® Multiple codes can be developed and translated to C++ for both
the machines and ROOT to understand the programs.
® Using the code | generated, users will be able to edit it to create
whichever histogram they wish.

Thank you!
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