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1 PREREQUISITES

The key to any mass detector production project is coordination and documenta-
tion. During your site’s production process you will be confronted with a series
of challenges. The most critical will be tracking the various stages of each detec-
tor/component and how you will maximize the use of your sites infrastructure/test
stands for the benefit of the project.

In this section we describe the prerequisites for each site from a policy point of
view. These fall in four areas:

. site planning and management

1
2. agassupply log

3. anindividual’s personal lab manual,
4

. and the use of the centralized logbook on cmsonline.cern.ch.

These four areas are often overlooked. We have found that individuals new to
lab work (students, postdocs transitioning from analysis, etc ...) generally overlook
items 3 and 4 and require repeated reinforcement to build good "book-keeping
habits." Such reinforcement only succeeds when the "boots-on-the-ground"
leader is continually providing feedback and reminders to the institute’s team
assigned to detector production.

Additionally it has been our hard-learned experience that the "boots-on-the-
ground" leadership often struggles with keeping the over-arching vision of the
production site in mind when faced with the challenges of making a given test
stand, detector, or component "work."

While we cannot give an a complete look at project management and laboratory
policies- as people train their entire lives for these-we do our best to provide a set
of "best practices" we expect everyone involved in the production to follow.

1.1 SITE PLANNING AND MANAGEMENT

We ask that the"boots-on-the-ground" leader of your site organize a weekly plan-
ning meeting similar to the run meetings held by the various CMS Operations
teams. It is best if this is a stand-alone meeting only including those members of
your team who will be involved in the production rather than as an after thought
added to a pre-existing meeting. For this meeting you should talk about:

the status of each detector/detector-kit you presently have on site;

the goals/objectives that were met in the previous week;

outstanding goals/objectives from the previous week;

issues that have arisen during the production;

the goals/objectives for this week;

2

and filling out a task matrix for the daily activities of each member of your
production team.
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We generally have found that this order is the most helpful. This meeting will
help you and your team set the daily direction; and helps your boots on the ground
leader to have an over-arching view of your sites activities. [tem number 6 above
is particularly important as it gives the daily direction for the entire team. An
example weekly task matrix of the CERN team is shown in table Tab. 1.1.

] Name \ Monday \ Tuesday \ Wednesday \ Thursday \ Friday
Brian T ICHEP QC procedure QC8 prep QC8 running
T poster prep | technical report
Jeremie | QC5 analysis | QC5 analysis | 904 test stand QC5 procedure | QC5 procedure
Short 2 Short 2 QC procedure technical report | technical report
Marek | QC3 QC3 QC4 Fix leaks QC4
Short 1 Long 4 drift short 6 short 3 short 5

Table 1.1: Example of a weekly task-matrix for the CERN team developed at the end of a regular

weekly planning meeting.

Of course the activities laid out in the task-matrix can change as the week
develops however it serves remarkable well at organizing the team’s activities.

Additionally your site should have a detector dashboard that allows you to track
the current status of each detector/detector-kit presently on site. We have found
the best layout for this dashboard is to list in tabular form detector serial number,
current step/location, notes (e.g. completed steps or outstanding issues), and plan
for future actions. This dashboard is immensely helpful when used in conjunction
with the weekly planning meeting. It is the place where you can record item
number 1 and allows you to at a glance determine what objectives/goals have
been met, still outstanding, and need to be put into the queue (items 2 to 5). As
detector/detector kits leave (arrive) from (at) your site you should remove (add)
items from your detector dashboard to ensure it stays current.

The best way to combine the detector dashboard and the weekly planning
meeting is to invest in a large white board that is centrally located in your lab,
easily accessible, and highly visible. CERN has such a white board at the entrance
to the GEM QC lab. We use this to store our detector dashboard and our weekly
task matrix.

1.2 GAs SuprPLY LOG

During the production it is of critical importance to have an up-to-date under-
standing of the state of your gas infrastructure. Each member of your team should
always know what gas they are using at a given test stand and how much of that gas
is left. If you are using a central mixing system the importance of this is increased
further as problems with a central system can have consequences at multiple test
stands.

The key points any gas supply log should answer is:
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1. your current gas inventory (e.g. X bottles of Ar, Y bottles of CO2, etc ...);

2. the gas pressure and draw in L/hr of your test stands’ gas infrastructure at
each stage (e.g. pressure on the bottle, pressure on the patch panel, pressure
on the mixer input and output mixer pressure);

3. and how long the gas in your lines will last.

It should be obvious that item 1 is critical since if a site runs out of a required
gas during the production that this could incur some lost time that has not been
put into the project schedule (for example at CERN it can take several weeks for a
gas order to be fulfilled).

Items 2 and 3 go hand-in-hand. Pressures recorded for item # 2 should help
you to determine item # 3; and item # 3 should help you to understand how often
you should check items that are required for 2. For example at moderate draw
from multiple test stands at CERN we know that the gas in our lines between the
bottles and the mixer will supply the lab for 56 hours or less. This calculation is
done using the ideal gas law so it has some shortcomings. As a result at CERN we
check the pressure on the bottles supplying our mixer every two days or less and
the inlet pressures to our mixer, output pressure, and flow fractions daily before
the start of each test using the mixer. This is all logged in a Google Doc that is
configured to have a shareable link that anyone in the CERN team can access.

Fig. 1.1 shows an example gas log as used at CERN.

Each GE1/1 represents a significant time and monetary investment. Damaging
or destroying a detector due to an improper gas mixture should be avoided at all
costs. Maintaining and regularly updating a gas log as described is one policy that
should be put in place to ensure this does not occur.

1.3 PERSONAL LAB NOTEBOOK

It is standard practice of an experimentalist, regardless of field, to keep a personal
lab notebook. This allows the individual to record important information that
can include anything from instructions on how to operate a particular piece of
equipment to details regarding an on-going measurement in one of your site’s
QC stations. This notebook should serve as your sounding board and should
supplement the Centralized E-Log. However since your logbook is not accessible
from anywhere in the world by the rest of the community it should never act as
a replacement to the central E-Log post. As a rule-of-thumb, if it’s important
enough to write down in your personal lab notebook it is important enough to
post to the central E-Log.

1.4 THE CENTRALIZED E-LOG

The centralized E-Log serves as a long-term, stable, logbook for the entire com-
munity accessible from anywhere in the world. If used correctly it will serve as
an invaluable logbook that will stand the test of time and provide an excellent



151 experimental record of the detector quality control during the production, and

152 after installation. Additionally the E-Log allows collaborators across the globe to
153 provide real-time troubleshooting assistance if a community member is struggling
154 with a given measurement.
155 To access the central E-Log navigate to cmsonline.cern.ch. You will be prompted
156 to login with your CERN credentials. Then click the "E-Log" link on the left side
157 bar. Navigate to "Subsystems -> GEM -> Quality Control." From here you will
158 see a list of E-Logs associated with each quality control step that are described in
159 Tab. 1.2.
] Quality Control \ E-Log

QC2 Foil Leakage Current Testing

QC3 HV & Gas Leak Stand

QC4 HV & Gas Leak Stand

QC5 X-ray Station

QCs8 Cosmic Stand

Table 1.2: Mapping of quality control steps to E-Log category for documenting QC measure-
ments on cmsonline.cern.ch.

160 For historic reasons these E-Log books follow the test stand setup at CERN and
161 thus QC3 and QC4 share a common E-Log called "HV & Gas Leak Stand."

162 The philosophy for using the E-Log is that the user should make entries that
163 allow a reader who was not present during the experiment to recreate both the
164 exact experimental conditions and the procedure/steps taken in an unambiguous
165 way. To accomplish this goal the user should be concise and descriptive in their
166 statements and include pertinent information that may or will be important later
167 when analyzing the data, attempting to compare to measurements from other
168 detectors, or repeat measurements of the same detector.

169 We are building a system to last 20 years and may outlive our own careers in
170 high-energy physics. It is important to make good E-Log posts now so that we can
171 give future CMS members a good log to refer to in the future.

172 To make an E-log entry navigate to the pertinent E-Log for the action you are
173 performing (e.g. QC5_Ef f_Gain would go to "X-Ray Station"). If this is a new
174 measurement make a post titled < SiteName >:< Det.S/N > —Test type. If you
175 want to report another action use the title < SiteName >:< Action/Problem/Solution >
176 . Example 1: anew QC5_Resp_Uni measurement would go under "X-Ray station”
177 titted CERN:GE11-VII—-L—-CERN —-0003 Response uni formity. Example
178 2: the installation of new drivers would be CERN : Installing AmpTek X —
179 Ray Drivers on X — Ray PC. Use the appropriate CERN E-Log entry template
180 for the correct format of the log. This keeps a standard Log entry for each site that
181 will prove invaluable when referring Log entries across the community.

182 Do not wait until the end of a test/measurement to post an E-Log. Setup the
183 correct E-Log template in the correct category and then submit the post, then
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start the test/measurement. For several hours after your initial post you will be
able to edit the post and update it with new information. Fig. 1.2 shows where the
Edit button can be found. This serves two purposes as it will prevent you from
forgetting important details or occurrences during the measurement and it will
prevent you from losing what you have written in the text dialog box of the E-Log
entry i.e. pressing back/refresh in your browser or being flagged as inactive by
cmsonline.cern.ch will cause you to lose anything you have put in the text dialog
box that has not yet been submitted.

Additionally if new details come up later, say after a measurement, or you are
no longer able to edit your original post you should reply to the original post to
add new details to what has already been written. An example reply history for
a given measurement can also be seen in Fig. 1.2. Additionally, you should not
delete E-Log posts as this removes information from the project.

To refer to a specific E-Log post or reply history use the E-Log short link that is
shown on the top of the post below the reply history, see Fig. 1.2.

In closing the E-Log is only as useful as the user makes it; if for a given E-Log
entry a reader cannot recreate the experimental conditions and the steps taken
your site manager and/or the GEM production manager will ask you to either 1)
go back and add the required details to improve clarity to the E-Log, or 2) repeat
the test from scratch with better logging skills. The second case would be the
extreme case in which the analyzed data cannot be understood and the E-Log
does not give enough details to understand the results.
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Example gas supply log kept for the mixer used by the CERN group.

Figure 1.1
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THU 14JUL.16 10:27:53

QC4-HV-Test Superchamber (GE1/1-V1l-L-CERN-0002 & GE1/1-VII-L-CERN-0003)

BRIAN L DORNEY
BRIAN L DORNEY Re: QC4-HV-Test Superchamber (GE1/1-VIl-L-CERN-0002 & GE1/1-VII-L-CERN-0003) FRI15JUL.16 13:22:01
BRIAN L DORNEY Re: QC4-HV-Test Superchamber (GE1/1-V1I-L-CERN-0002 & GE1/1-V1I-L-CERN-0003) FRI15JUL.16 10:48:46
» BRIAN L DORNEY Re: QC4-HV-Test Superchamber (GE1/1-V1I-L-CERN-0002 & GE1/1-VII-L-CERN-0003) SAT 16JUL.16 15:30:22

| short link: http sicmsoniine.cem.chicms-elog/83501 7§

Maessage ID: 935017  Entry time: SAT 16.JUL.16 15:30:22

Figure 1.2: Example E-Log reply history for an ongoing measurement; notice the Edit button
in the upper bar (red box) is still accessible since the last post was made recently.
This E-log can be referred to it’s short link in the lower right, also boxed in red.
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2 QC2: GEM FOIL TESTING

The QC2 test aims to determine the quality of a GEM foil by measuring the max-
imum leakage current flowing on the surface of the GEM holes. It is therefore
mandatory to perform the QC2 test before, during and after the assembly of the
detector.

The QC2 procedure is divided in five steps in order to ensure the perfect func-
tionality of the GEM foils:

* GEM foil preparation and cleaning.

e QC2 fast : GEM acceptance test L.

* QC2long: GEM acceptance test II.

* QC2 fast post-assembly in clean room.

* QC2 fast in dry gas.

Each step has a specific procedure and output that will be described below.

2.1 GEM FOIL PREPARATION AND CLEANING

GEM foils are delivered from CERN to the construction sites in a sealed box,
enclosed into anti-static paper and wrapped with bubbles foils to prevent any
possible damage. To prevent contaminations that may compromise the GEM foils
performance, all operations during which the foils are exposed directly to the air
must be carried out in clean room certified at least class 1000. The box itself must
be cleaned before the opening phase to avoid contamination. After opening, the
inside of the box must be cleaned with a vacuum cleaner equipped with a HEPA
filter to avoid the deposition of plastic dust on the GEM foils. The GEMs have to
be extracted one at a time by at least two trained operators who have to keep the
foils well tensioned to avoid the formation of folds. The operators should not wear
gloves but carefully wash their hands before starting the manipulation.

In order to correctly test the foils and afterwards proceed with the chamber as-
sembly, it is necessary to:

1. Fix the foil to its dedicated frame with tape as shown on Fig. 3.1. The support
frame can be realized with FR4, aluminum or any other rigid, light and easily
cleanable material.

2. Clean the foils with a dedicated anti-static and dust remover roll (see Fig. 2.2)
in order to remove any possible dust particle deposited on the foils during
the delivery and the fixation on the frame (e.g. "Particles Cleaning Roller" by
Euro Cipel ).

2.2 QC2 FAST : GEM ACCEPTANCE TEST I

The first step of the acceptance test consists of applying voltage to the GEM foil
and measure the leakage current between the top and the bottom electrodes. The

10
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Figure 2.1: Preparation of the GEM foil and installation on the FR4 frame.

QC2 fast test is performed with a Multi Mega-ohmmeter (e.g. Insulation Tester
MEGGER MIT485 by RECOM Electronic AG), also called Megger, connected to the
GEM top and bottom HV pads (see Fig. 2.3). The connection between the Megger
and the GEM electrodes is done using custom HV clips shown on Fig. 2.4.

Since the surface conductivity of the GEM foil depends on the relative humidity
of the environment, a meteo-station with temperature and humidity sensors is
setup near the QC2 test stand. In order to obtain comparable results, the relative
humidity in the clean room must be equal or less than 40 %.

To perform the QC2 fast test, proceed as follows:

1. Place the foil and its frame in vertical position against a wall of the clean
room (see Fig. 2.4).

2. Connect the Megger to the GEM HV pads with the custom clip (see Fig. 2.4).

3. Setthe HV to 550 V on the Megger.

4. Measure the impedance of the foil and count the number of sparks after 30 s
and then every minutes over a period of 10 minutes.

5. Report the time, the applied voltage, the impedance of the foil, the leakage
current and the number of sparks in the summary table, as indicated in table
Tab. 2.1.

The GEM foil is accepted if its impedance is above 10 GQ and the spark rate
lower than 2 Hz during the last two/three minutes of test. If the number of sparks
exceeds this limit, the foil needs to be cleaned again with the anti-static roll. If the
problem persists after several cleaning attempts, the foil has to be sent back to the
production workshop and cleaned with DI water.

Note: the QC2 fast acceptance test must be performed at each step of the assembly
of the GE1/1 detectors to identify possible damages on the GEM foils and to

11
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Figure 2.2: Cleaning of the GEM foil with an anti-static roll to remove the dust.

Top Q Q Bottom

Megger
\——fwand| vAg

GEM foll

Figure 2.3: Schematic view of the QC2 fast test setup (acceptance test I).

remove the dust that could have been produced during the mounting of the
internal frame.

2.3 QC2 LONG : GEM ACCEPTANCE TEST II

The second step of the acceptance test consists of measuring the HV long-term
stability of the GEM foils in a dry environment. The so-called QC2 long test is
initially performed at CERN before the shipment of the foils to the production
sites. It consists of monitoring the leakage current and the possible sparks when
the GEM foil is subject to HV, typically up to 600 V during a period of 30 minutes -
1 hour.

As shown on Fig. 2.5, the foils under test are placed in a dedicated plexiglass
box filled with pure nitrogen. The temperature and the humidity inside of the box
are monitored using a professional Meteo-station and a dedicated software that

12



GEM foil

Custom clip

HyV pads

.]
ustom clip

RA frame SHV cable to Megger

Figure 2.4: Picture of the QC2 fast test on a GEM foil (acceptance test I).

280 records the data every minutes over the entire test. The GEM foils are powered
281 using a programmable HV power supply (e.g. CAEN R1471HETD) that has a
282 current monitoring resolution lower than 1 nA. The control of the system and the
283 data acquisition are possible via a custom made Labview interface available at
284 https://twiki.cern.ch/twiki/bin/view/MPGD/GEMDetectorProduction.

N, OUT N, IN
HV

GEM
command| HV
oro 25 ol X X
voltage |Supply
A

current < manual control vAy
“>—) Humidity %
£ v Q

- Temperature °C

Figure 2.5: Schematic view of the QC2 long test setup (acceptance test II).

285

286 A picture of the QC2 long test setup at CERN is shown on Fig. 2.6
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’ Time [min] ‘ Voltage [V] ‘ Impedance [G Q] ‘ Current [nA] ‘ Sparks | Total sparks
0.5 550 3.11 176 6 6
1 550 3.73 147 3 9
2 550 5.9 93 1 10
3 550 7.6 72 0 10
4 550 8 68 1 11
5 550 8.5 64 1 12
6 550 9.2 59 1 13
7 550 9.6 57 0 13
8 550 10.5 52 0 13
9 550 10 55 0 13
10 550 11 50 0 13

Table 2.1: Typical QC2 fast summary table for an accepted GEN foil.

2.3.1 PREPARATION OF THE GEM FOILS

To prepare the QC2 long test, proceed as follows:

1.

Clean the foils with the anti-static roll in order to remove the possible dust
particles deposited on the foils during the previous operations.

Gently insert the foils into the HV box one at the time and keep note of the
foils ID.

Fix the custom clips to the HV pads to each foil (see Fig. 2.4).

Start the Meteo-station, set the recording rate to one measurement per
minute and insert it into the nitrogen box.

Use the Megger or a standard multimeter to check the connectivity between
the custom clips and the SHV connectors outside of the nitrogen box.

Use the manual control of the power supply to apply 500 V across the GEM
foils.

Set the nitrogen flow rate to 50 L/hr and let it flush until the relative humidity
inside of the nitrogen box is equal or lower than 7 % (typically 48 hours).
Maintain the HV on the GEM foils during the entire process.

2.3.2 MEASUREMENT OF THE LEAKAGE CURRENT

To perform the QC2 long test, proceed as follows:

. Enable the remote control mode of the HV module as indicated in Fig. 2.7.

. Connect "channel 0" of the power supply to the SHV connector that corre-

sponds to the first GEM foil in the nitrogen box (the foils are tested separately,
one after the other).
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Figure 2.6: Picture of the QC2 long test setup at CERN.

3. Start Labview, open and run the virtual instrument QC2_Long.vi .

4. Enter the test information in the new popup window as shown on Fig. 2.8.

Ignore the fields covered with a dark green layer. In the fiels Notes, indicate
the relative humidity and the temperature inside of the box at the beginning
of the test.

5. In the Labview front pannel, open the "Configuration" tab and click on the

folder icon next to the field "Setting File To Load", as indicated on Fig. 2.9.

Then select the configuration file "Config_Step_1" and click on the "Load
Settings From File" button to load the configuration in Labview.

6. Indicate the absolute path the data directory in the field "Set Data Folder"
(Fig. 2.9).

7. Click on the "Start Test" button to start the acquisition.

After the first step is finished, the program will automatically save the data files
in the data directory and stop. To perform the second and the first steps of the
QC2 long test, repeat steps 3 to 7. At step 5, when loading the configuration into
Labview, select the appropriate file ("Config_Step_2" or "Config_Step_3").

After the three steps are successfully performed, connect "channel 0" of the power
supply to the SHV connector that corresponds to the next foil you want to test and
repeat the procedure from step 3 to 7.

2.4 QC2 FAST POST-ASSEMBLY IN CLEAN ROOM

After the GE1/1 detector is assembled, it is mandatory to repeat the QC2 fast test
in the clean room. As for the QC2 fast acceptance test, this test is carried out
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Figure 2.7: Picture of the CAEN R1471HETD front pannel.

using a Multi Mega-ohmmeter (Megger). The voltage has to be applied on the
pads of the HV distribution present on the Drift PCB (Fig. 2.10). Since this test
is performed in air, it is necessary to measure the ambient temperature and the
relative humidity in the vicinity of the detector.

To perform the QC2 fast test on a GE1/1 detector, proceed as follows:

1. Set the detector in vertical position.

2. Connect the Panasonic-to-LEMO adapters with the 0 Q terminations to all
the readout sectors, as shown on Fig. 2.11.

3. Connect the Megger to the appropriate GEM HV pads by putting the nega-
tive pin on the top electrode and the positive pin on the bottom electrode.
Example 1: to test GEM 1 connect the negative pin of the Megger to the GEM
1 top pad and the positive pin to the GEM 1 bottom pad. Example 2: to test
the transfer gap 2 connect the negative pin to the GEM 2 bottom pad and
the positive pin to the GEM 3 top.

4. Setthe HV to 550 V on the Megger.

5. Measure the impedance and count the number of sparks after 30 s and then
every minute over a period of 10 minutes.

The detector is accepted if the impedance of all GEM foils is above 10 GQ
after few minutes and no sparks can be observed after 10 minutes. Similarly, the
impedance of the gaps must reach 100 GQ or more after only few minutes, with
no sparks.

If the impedance of the induction gap is lower than 100 GQ, or if you experience
several discharges at 550 V, there might be a short circuit of a weak point caused
by the bending of the readout PCB toward the third GEM foil. In this case you can
localize the problem by proceeding as follows:

1. Remove all the 0 Q terminations from the Panasonic-to-LEMO adapters.

16
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Figure 2.8: QC2 Labview interface information window.

Connect the Megger’s negative pin on the HV pad corresponding to GEM 3
bottom.

Connect the Megger’s positive pin on the signal pad of the Panasonic-to-
LEMO adapter on the readout sector in=1, i¢p=1 (Fig. 2.12).

Set the HV to 550 V on the Megger.

Measure the impedance after one minute and count the number of sparks
over a period of 1-2 minutes.

Repeat this procedure for all the 24 readout sectors.

After a GE1/1 detector passes this test, it can leave the clean room and mounted
on the QC3 test stand to start the gas tightness measurement. Chambers that does
not pass this step should not be moved out of the clean room but immediately
re-opened for further investigations. If the problem is identified and fixed, the
QC2 fast test must be performed again before the chamber can move to the next
QC step.

2.5 QC2 FAST IN DRY GAS

The QC2 fast test in dry gas must be done just before mounting the HV circuit
on the detector. Moreover, it is usually the first step of every investigations or
repairing protocols that start after a chamber showed a suspicious behavior (e.g.
sparking at high gain, instability, high-rate spurious signal ...).
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Figure 2.9: QC2 Labview configuration pannel.

To perform QC2 fast in dry gas, the GE1/1 detector must be flushed for at least 5
hours with pure CO at a gas flow rate of 2.5 L/h 1. The CO, gas is useful to dry
out the GEM foils, to prevent electron amplification and therefore to avoid the
possible propagation of discharges.

After the detector is flushed, proceed exactly as for QC2 fast in a clean room 2.4.

However, the acceptance criteria are different in dry gas: the impedance of the

GEM foils should be above 20 GQ after one minute with no repetitive discharges.

Few discharges may occur after few seconds due to the deposition of dust on the
GEM foils. After the dust particles are blown away, the GEM should be completely
quite. Similarly, the impedance of the detector’s gaps should be above 100 GQ2
after few seconds, with no discharges.

ISee the next sections about QC3 3 and QC4 4 for a detailed description of the gas system.
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Figure 2.10: Schematic view of the QC2 fast test on a GE1/1 detector.

Figure 2.11: QC2 overview of the detector with the grounding plate and the 0 ohm
terminations.
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Figure 2.12: QC2 picture of the Panasonic-to-LEMO adapter.
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388 3 QC3: GAS LEAK TEST

389 The QC3 gas leak test aims to identify the gas leak rate of a GE1/1 detector by
300 monitoring the drop of the internal over-pressure as a function of the time.

301 3.1 DESCRIPTION OF THE SETUP

302 A schematic overview of the QC3 gas circuit is shown in Fig. 3.1 (top). The gas
393 input is connected to a CO, gas bottle equipped with a 2-stage pressure regulator
304 with the output pressure being set to a maximum of few hundred millibars. The
305 input flow meter, together with its manual valve, allows controlling the gas flow
306 rate at the entrance of the detector while the output flow-meter helps to monitor
397 the output flow and therefore to identify large leaks. The input and output valves
308 are used to isolate the detector from the rest of the gas system during the gas leak
309 test. The calibration of the gas system itself is done before connecting the detector,
400 as indicated in Fig. 3.1 (bottom)

401 A pressure indicator is connected between the input and the output valves
402 in order to monitor the over-pressure inside of the system only or of the detec-
403 tor+system. Additional atmospheric pressure and ambient temperature sensors
404 are located nearby the test stand. All the sensors are then connected to a micro-
405 controller (e.g. ARDUINO Mega 2560) that is responsible for the data acquisition
406 and slow control.

Atmospheric 5 % .S CPU

Pressure indicator

ARDUINO
Ambient
Temperature indicator $
Pressure
indicator

(P
\_/
Gas IN ﬁ@% {>T<} ,@j {>T<} /> Gas OUT
\=4

detector
Pressure Valve Input valve Output valve Flow meter
regulator flow meter

Possible leak

T

(P
\_/
Gas IN % for calibration S_Q O\ Gas OUT

Pressure
regulator

Valve Input valve Output valve Flow meter

flow meter Possible leak

Figure 3.1: Schematic overview of the QC3 gas system for the gas leak test of GE1/1 detectors
(top) and for calibration (bottom).

407 Even though the GE1/1 detectors are not supposed to operate when installed on
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the QC3 test stand, the entire gas system (stainless steel pipes and components)
must be kept clean and free from any materials that could possibly contaminate
the detectors.

3.2 PROCEDURE

The QC3 gas leak test is divided into two steps: the calibration of the system; the
leak measurement of the detector+system.
To perform the calibration of the gas system only, proceed as follows:

1. Connect together the input and the output lines the gas system as indicated
on Fig. 3.1 (bottom). Instructions on how to correctly seal gas connectors
can be found in the Swagelok Installer’s Pocket Guide.

2. Open the input and the output valves of the gas system.

3. Adjust the manual valve of the input flow-meter to allow the CO; to flow
through the system. Set the input gas flow rate to 5 L/hr. The output flow
rate should be immediately visible on the output flow-meter.

4. Start the Excel macro named QC3_Data_Logger_V2.xlsm. Anew window

will appear with a warning message about ActiveX controls. Then press OK.

5. Enter you name in the new window (Fig. 3.2). Then press OK.

Name =)

USERNAME: |
oK

Figure 3.2: QC3 username window.

6. Enter the ID of the detector under test in the new window (Fig. 3.3) and
add "_Calibration" to indicate that it is a calibration run, for example:
GE11-VII-L-CERN-0001_Calibration. Then press OK

Detector Name =)

Detector: |
oK

Figure 3.3: QC3 detector ID window.
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Timer =

Duration of the test (1) ,7|
oK

Figure 3.4: QC3 test duration window.

428 7. Enter one hour as the duration of the test (hours) (Fig. 3.4). Then press OK.
429 8. The DAQ window will appear as well as the Excel sheet that will contain the
430 data (Fig. 3.5). At this point the system is ready to start the acquisition.

Data Acquisition for Excel e

L) Control
[ Download Data

5 = I Clear Stored Data
Settings [~ userl

|| Port: 13 &2 [~ user2
| Bawd: | 128000 * Reset Timer
i
Connect | Clear Columns
Reset on
d Connect D
| Controller Messages |
[ Status |

Figure 3.5: QC3 data acquisition window.

431 9. You need to set to correct over-pressure in the system before starting the

432 recording of the data. To do so, close the output valve of the gas system. You

433 will see that the pressure inside the system is ramping up. As soon as the

434 over-pressure reaches 25 mbar, close the input valve. Then close the valve of

435 the input flow meter.

436 10. Start the recording of the data by pressing the Connect button on the DAQ

437 window (Fig. 3.5). After this step the Excel sheet will be updated every min-

438 utes with the new data from the different pressure and temperature sensors.

439 Do not operate the computer while the test is running under the penalty of

440 loosing the connection between the micro-controller and the Excel file.

441 11. Leave the system running for one hour as you defined at the beginning in

442 Fig. 3.4. The Excel macro will automatically stop at the end of the test.

443 12. After the test is finished, the Excel files containing the data must be renamed

444 following the template GE11-VII-X-SITE-ZZ7Z7 _QC3_Calibration_ YYYYMMDD.xlsm
445 where X stands for S (short) or L (long), SITE the official name of your pro-

446 duction site, ZZ Z Z the detector serial number, YY Y'Y the year, MM the

447 month and DD the day. For example: GE11-VII-L-CERN-0001_QC3_Calibration_20160712.x!s:
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448 The pressure drop in the gas system should not exceed 1 mbar per hour. If the

449 system passes this step you can proceed to the test with the GE1/1 detector.

450

451 To perform the QC3 test of the detector+system, proceed as follows:

452 1. Connect the detector’s gas inlet and outlet to the gas system as indicated on
453 Fig. 3.1.

454 2. Open the output and the input valves of the gas system.

455 3. Adjust the manual valve of the input flow-meter to allow the CO; to flow
456 through the detector. Set the input gas flow rate to 5 L/hr and leave the
457 detector flushing for at least 30 minutes. The output flow rate should be
458 already visible on the output flow-meter after few minutes of flushing.

459 4. Start the Excel macro named QC3_Data_Logger_V2.xlsm. A new window
460 will appear with a warning message about ActiveX controls. Then press OK.
461 5. Enter you name in the new window (Fig. 3.2). Then press OK.

462 6. Enter the ID of the detector under test in the new window (Fig. 3.3), for
463 example: GE11-VII—-L—-CERN —0001. Then press OK

464 7. Enter one hour as the duration of the test (Fig. 3.4). Then press OK.

465 8. The DAQ window will appear as well as the Excel sheet that will contain the
466 data (Fig. 3.5). At this point the system is ready to start the acquisition.

467 9. You need to set to correct over-pressure in the detector before starting the
468 recording of the data. To do so, close the output valve of the gas system. You
469 will see that the pressure inside the detector is ramping up. As soon as the
470 over-pressure reaches 25 mbar, close the input valve to isolate the detector.
471 Then close the valve of the input flow meter. Attention: the GE1/1 detectors
472 cannot sustain over-pressure higher than 40-50 mbar. Make sure you can
473 control the gas system before closing the output valve.

474 10. Start the recording of the data by pressing the Connect button on the DAQ
475 window (Fig. 3.5). After this step the Excel sheet will be updated every min-
476 utes with the new data from the different pressure and temperature sensors.
477 Do not operate the computer while the test is running under the penalty of
478 loosing the connection between the micro-controller and the Excel file.

479 11. Leave the system running for the the duration you defined at the beginning
480 in Fig. 3.4. The Excel macro will automatically stop at the end of the test.

481 12. After the test is finished, the Excel files containing the data must be renamed
482 following the template GE11-VII-X-SITE-ZZ7Z7Z QC3_YYYYMMDD.xlsm
483 where X stands for S (short) or L (long), SITE the official name of your pro-
484 duction site, ZZ Z Z the detector serial number, YY Y'Y the year, MM the
485 month and DD the day. For example: GE11-VII-L-CERN-0001_QC3_20160712.xlsm
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486

3.3 TYPICAL RESULTS

487 Typical results from the QC3 test stand can be seen in Fig. 3.6.

Internal over-pressure [mbar]

Temperature [°C]

QC3 - Gas leak test

24.5 977
3
I 976
24
975
* Pressure (mBar)
235
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.
Atm Pressure (mBar) 973
23
972
22,5 "3
: 971
22 970
[ 500 1000 1500 2000 2500 3000 3500 4000

Time [s]
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Figure 3.6: QC3 typical result with GE1/1-VII-L-CERN-0002.
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4 QC4: HV TEST

The QC4 test aims to determine the V vs. I curve of a GE1/1 detector and identify
possible malfunctions, defects in the HV circuit and spurious signals.

4.1 DESCRIPTION OF THE SETUP

The chamber is connected to the QC3 gas system (Fig. 3.1) and flushed with pure
CO;. The negative HV (VSET) is provided by a programmable HV power supply
(e.g. CAEN N1470) that allows the user to control the current limit (ISET), the
steps to ramp up and down the voltage, the maximum voltage, and the trip time.
This power supply must be able to deliver a current up to 1 mA with a monitoring
resolution lower than 1 pA in order to identify possible leaks, sparks, or unusual
current fluctuations.

The QC4 data acquisition setup for spurious signal measurements is shown on
Fig. 4.1. The readout of the detector is done using a charge sensitive pre-amplifier
(e.g. CAEN A422A) connected to the bottom electrode of the third GEM foil. This
connection is made through a decoupling RC circuit already present on the de-
tector’s PCB. The output of the pre-amplifier is then sent to an amplifier+shaper
unit (e.g. ORTEC 474) and then to a discriminator (e.g. Lecroy 623A). The result-
ing digital pulses go through a dual timer and then to a scaler unit for the rate
measurement.

Pre-amplifier Amplifier Shaper Linear fan in/out Discriminator Dual timer Scaler

"""""""""""""""""""" 2N

500 pF

CIockT

50 kQ CAEN A422A ORTEC 474

1

Threshold

Figure 4.1: QC4 data acquisition setup.

4.2 PROCEDURE
To perform the QC4 test, proceed as follows :
1. Connect the GE1/1 detector to the gas system with pure CO,, set the gas flow
rate to 2.5 L/hr and let it flush for at least 5 hours.
2. Fix the grounding plate onto the readout board as shown on Fig. 4.2.

3. Connect the Panasonic-to-LEMO adapters with the 50 Q terminations to all
the readout sectors. Connect the ground pad of the PCBs to the grounding
plate with copper tape, as shown on Fig. 4.2.
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Figure 4.2: QC4 overview of the detector with the grounding plate and the 50 ohm

terminations.
515 4. Solder the input wire of the pre-amplifier to the dedicated pad on the drift
516 PCB, as shown on Fig. 4.3.

GND

GEM 3 bottom

Figure 4.3: QCA4 close view of the sample point on the drift PCB.

517 5. Connect the HV voltage cable to the SHV connector on the detector. In some
518 cases it can be useful to insert a HV low-pass filter to cut the high frequency
519 noise from the power supply. If so, the additional resistance introduced in
520 the system should be mentioned in the log file and in the result file. Set
521 the power supply settings as follows: Ramp up =50V /s; Ramp down =
522 250V /s; Max voltage =5050V; Trip time=0s, Trip action = KILL.

523 6. Setthe amplifier settingsto Coarse gain=4, Finegain=4.5, Integrate =
524 500ns and Di f ferential =500ns.

525 7. Use copper ribbons to ground the detector, the pre-amplifier, and the HV
526 filter. In this configuration the maximum noise level should be lower than
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12.
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100 mV.
Set the discriminator threshold to -140 mV.
Set the scaler clock to 60 s.

Openthe template file GE11-VII-X-SITE-ZZZZ_QC4_ YYYYMMDD.xlsx.

Rename the file with the appropriate name where X stands for S (short) or
L (long), SITE the official name of your production site, ZZZ Z the detec-
tor serial number, YY Y'Y the year, MM the month and DD the day. For
example: GE11-VII-L-CERN-0001_QC4_20160713.xIsm

Use a multimeter to measure the total resistance of the HV circuit (includ-
ing the divider and all the HV filters, if used) and report this value in the
appropriate field of the the configuration table. The total resistance is used
to calculate the expected current in the divider for every HV points. Then, in-
dicate in the appropriate fields the model and the settings of the electronics
modules you are using. At this point the setup is ready and the measurement
can start.

To start the measurement set the current limit ISET of the power supply
according to the target value indicated in the template file, adding 5 yA. For
example, if the Excel file were to indicate 700 uA, you should define ISET as
705 pA. Then set the corresponding voltage VSET as indicated in the Excel
file and confirm.

When the detector is stable (after few seconds), fill the template file with the
actual voltage VMON and the current IMON provided by the power supply.
Start the clock of the scaler unit and after 60 s, report the total number of
counts into the template file.

While the previous step is ongoing, look at the oscilloscope to identify possi-
ble spurious signals, unusual or repetitive signals in the chamber. Use the
threshold of the device to scan both negative and positive regions.

In order to bring the detector to a new HV point, first set the current limit
ISET according to the value indicated in the template file, adding 5 pA. Then
change the voltage VSET, and confirm.

Repeat the steps 12 to 15 until you reach 4900 V on the detector (maximum
allowed voltage). Go by steps of 200 V from 0 to 3000 V then by steps of 100 V
from 3000 V to 4900 V.
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4.3 TYPICAL RESULTS

Typical results from the QC4 test stand can be seen on Fig. 4.4.
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Figure 4.4: QC4 typical results with GE1/1-VII-L-CERN-0001.
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5 QCb5: GAIN CALIBRATION

The QC5 gain calibration is split into two steps: the measurement of the effective
gain as a function of the voltage applied on the divider; and the measurement of
the response uniformity of the detector. Both tests are done in a specific radiation
box containing an AMPTEK miniX X-ray source with a silver target.

5.1 QCb5: PREPARATION AND INSTALLATION OF THE CHAMBER.

The first step consists of preparing the detector before its installation on the QC5
test stand. To do so:

1. Setup the detector on a table (in horizontal position).

2. Fix the grounding plate onto the readout board and solder a ground cable
from the ground pin of the divider to the top of the grounding plate (see
Fig. 5.1). This cable should not be in contact or too close to the GEM 3
bottom pad, under the penalty of triggering discharges.

Figure 5.1: Close view of the ground wire connecting the divider and the grounding plate.

3. Connect the APV25 chips to the detector, following the map given in Fig. 5.2.
Make sure the orientation of each APV is identical to the one indicated on
the map.

4. Connect the ground wire of each APV to the ground plugs already placed on
the grounding plate (see Fig. 5.3).

5. Carefully place the detector inside of the X-ray station: the orientation of the
detector should have the short base of the trapezoid closest to the floor, with
the readout PCB facing away from the X-Ray generator, as shown in Fig. 5.4.

6. Connect the detector’s inlet (short base) and outlet (wide base) to the gas
system and flush the chamber with the gas mixture Ar/C0; (70: 30). Set the
gas flow rate to 2.5 L/hr and let it flush for at least 5 hours.

While the detector is flushing, you can start preparing the grounding by placing
three copper ribbons along the i¢ sectors of the detector. Make sure that non
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Figure 5.2: QC5 readout sectorization and APV mapping. The dark grey boxes represent the
HDMI connectors on the output of the master APVs. This mapping is valid for both
long and short detectors.

Figure 5.3: Close view of an APV plugged on the detector.

588 of the grounding cables are touching the HV circuit or an active part of an APV
589 hybrid. Then connect the ground of each APV to the closest copper ribbon, as
500 indicated on Fig. 5.5.

501 At this point the detector is ready for the the QC5 effective gain measurement.

592 5.2 QC5: EFFECTIVE GAIN MEASUREMENT

503 The measurement of the effective gain consists of comparing the primary current
504 induced in the drift gap by the X-ray source with the output current after amplifi-
505 cation. It includes the amplification factor in the GEM holes as well as the electron
596 transparency of the GEM foils. The measurement of the effective gain is always
507 performed on sector (in,i¢)=(4,2) (see Fig. 5.2).
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Figure 5.4: Picture of the GE1/1 chamber inside of the X-ray station.

5.2.1 DESCRIPTION OF THE SETUP

The detector is powered using a programmable HV power supply (e.g. CAEN
N1470) that allows the user to control the current limit (ISET), the steps to ramp
up and down the voltage, the maximum voltage, and the trip time. This power
supply must be able to deliver a current up to 1 mA with a monitoring resolution
lower than 1 pA in order to identify possible leaks, sparks, or unusual current
fluctuations.

The data acquisition setup is shown on Fig. 5.6. The readout of the detector
is done using a charge sensitive pre-amplifier (e.g. ORTEC 142PC) connected
to the sector (in,i¢p)=(4,2). The output of the pre-amplifier is then sent to an
amplifier+shaper unit (e.g. ORTEC 474) and then to a discriminator (e.g. Lecroy
623A). The resulting digital pulses directly go to a scaler unit for the interaction
rate measurement. This value, multiplied by the number of primary electrons per
photon and by the elementary charge, gives the primary current induced in the
drift gap by the X-ray source. The measurement of the output current is simply
measured by connecting a pico-ammeter (e.g. Keithley 6487) to the same readout
sector.

To finalize the connections for the QCS5 effective gain measurement, proceed as
follows:

1. Connect the Panasonic-to-LEMO adapter with a 50 kQ resistance to ground
to the readout sector (in,ip)=(4,2). Then use a clamp to attach the ground
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To copper box
(earth)

Figure 5.5: QC5 Schematic view of the optimum grounding for QC5. The orange line represents
copper ribbon.

619 of the PCB to the main copper ribbon, as indicated in Fig. 5.7. The LEMO
620 output of this PCB is then connected to the input of the pre-amplifier.

621 2. Use additional copper ribbons to ground the detector’s drift PCB, the SHV
622 connector, the pre-amplifier and the HV filter. In this configuration the
623 maximum noise level should be of the order of 50-70 mV.

624 5.2.2 PROCEDURE

625 TO minimize the noise in the detector, the SRS system and thus the APV chips
626 must be kept OFF during the effective gain measurement.//

627 To perform the QC5 effective gain measurement, proceed as follows:

628 1. Connect the HV voltage cable to the SHV connector on the detector. Set
629 the power supply settings as follows: Ramp up =50V /s; Ramp down =
630 250V /s; Max voltage=4000V; Trip time=0s, Trip action = KILL.

631 2. Setthe amplifier settingsto Coarse gain=4, Finegain=4.5, Integrate =
632 100ns and Dif ferential = 100mns.

633 3. Set the discriminator threshold to -100 mV.

634 4. Set the scaler clock to 60 s.

635 5. Open the miniX control software (Fig. 5.8), click on "Start Amptek MiniX"
636 to enable the communication with the X-ray source. Set the HV value of the
637 X-ray tube to 40 kV and the current to 5 yA, then click on "Set High Voltage
638 and Current” to apply the new values. Do not turn the X-ray source ON at
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Pre-amplifier Amplifier Shaper Linear fan in/out Discriminator Dual timer Scaler

i |l> {>_ S o

50 kQ CAENA422A  ORTEC 474 Threshold cmckT

SCOPE |

O=

Figure 5.6: QC5 effective gain data acquisition setup.

Figure 5.7: Close view of the Panasonic-to-LEMO adapter for the rate measurement.

639 this step. More information about the Amptek miniX control software can
640 be found on the Amptek website.

641 6. Openthetemplatefile GE11-VII-X-SITE-ZZZZ _QC5_YYYYMMDD.xlsx.
642 Rename the Excel file with the appropriate name where X stands for S (short)
643 or L (long), SITE the official name of your production site, ZZZ Z the de-
644 tector serial number, YY Y'Y the year, MM the month and DD the day. For
645 example: GE11-VII-L—-CERN -0001_QC5_20160713.xlsm

646 7. In the first sheet called "Raw Data Summary," indicate in the appropriate
647 fields the model and the settings of the electronics modules you are using
648 and the configuration in which the measurement will be done.

649 8. Open the LabView control software of the pico-ammeter Keithley 6487
650 named "Keithley6487-Readout.vi".

651 9. On the software front panel (Fig. 5.9), set the "millisecond to wait" to 10,
652 "Numeric" to 1, "Resolution (absolute)" to 1073 and "nplc" to 6. Then set
653 the "GPIB address" to GPIB0:: XX :: INSTR, where XX is the actual address
654 of you pico-ammeter. More information can be found in the Keithley 6487
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Figure 5.8: QC5 Amptek miniX control software.
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Figure 5.9: QC5 Keithley 6487 control software (front panel).

10. In the "Temporary File" field, set the absolute path to the text file that will

contain all the data of the test. You may have to create an empty text file
beforehand that can be renamed as "tmp.txt". In the "filepath" field, set te
absolute path of the data file that will contain the current values for a given
operating point. The name of this file should follow the template GE11 —
VII-X-SITE-Z2ZZZ ImonYYYuA_SourceUUU.txt where X stands
for S (short) or L (long), SITE the official name of your production site,
ZZ 7 Z the detector serial number, Y Y'Y the value of the current through
the divider and UUU the status of the source (ON or OFF). For example:
GE11-VII-L—-CERN-0001_Imon700uA_SourceON.txt . At this point
the setup is ready and the measurement can start.

Note: as indicated in the Excel file, the effective gain is measured for HV 4, ¢,

points between 2585 V and 3290V, i.e. equivalent currents in the divider between
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683

550 pA and 700 pA. The measurement starts from the maximum operating point
(700 uA) to the lowest point (550 pA), by steps of 10 uA.

1. Slowly ramp up the voltage on the divider to reach the equivalent current of
700 pA. For each HV step, set the current limit ISET to the target value plus 5
UA, for example 705 pA if the target value is 700 pA. Then use the expected
voltage value VMON indicated in the Excel file (Fig. 5.10) as VSET on the
power supply. If necessary, adjust VSET to match the monitored current
IMON with the current value you want to reach. In the Excel file, replace the
expected VMON value by the real VMON after the adjustment, and indicate

the real IMON.
Single Chan HV Supply
Divider Environment For Measuring Rate For Measuring Current MCA
Vmon Imon Time Pressure  Temp Source Off Source On Source Off Source On Run # Pk Pos
Counts Err Counts Err Current  Err Current  Err

(HH:MM) (hPa) (Deg C) (N) (N) (N) (N) (A) (A) (A) (A) (N) (ADC Chan)

By ot ety e el Lo ki b s
" 0 " 0
o | 386333 690 . 0 " 0
B0 [ 3807.339 680 " 0 " 0
H [ 3751349 670 ! 0 i’ 0
o 3695.359 660 0 0
o 3639368 650 i’ 0 i’ 0
oM 73583378 640 . 0 " 0

P I R B "¢  ~"T"T"""%@@¢ T/ mmTm T
N 73471398 620 - 0 " [
o 73415407 610 " 0 " 0
O 73350417 600 - 0 i’ 0
g 7 3303.427 590 " 0 " 0
b 7 3247.436 580 . 0 " 0
< - 3191.446 570 . 0 " 0
7 3135.456 560 " 0 " 0
7 3079.466 550 . 0 " 0

Figure 5.10: QC5 template file : HV set point.

2. After fewseconds of stabilization, load the clock of the scaler to start counting
the events. At this step the X-ray source is still OFE

3. After 60 s, report the number of counts in the appropriate field in the Excel
file, as indicated on Fig. 5.11. The associated error will be automatically

Single Chan HV Supply
Divider Environment For Measuring Rate For Measuring Current MCA
Vmon Imon Time Pressure  Temp Source Off Source On Source Off Source On Run # Pk Pos.
Counts Err Counts Err Current  Err Current  Err
(v) (uA) (HH:MM) (hPa) (Deg C) N) ML-—-—M (A) (A) (A) (A) (N) (ADC Chan)
*ser5a1 710 14:00 967 24.2 102 10.099505 558078 747‘o4§1s|
7 3919.32 700 T T
o 7 386333 690 " 0 " 0
o0 " 3807.339 680 " 0 " 0
E 7 3751349 670 - 0 - o
o 3695359 660 " 0 r (]
o 3639368 650 " 0 " 0
o s e ____ R B
o 3527388 630 r 0 i 0
Ny 3471308 620 " 0 " 0
o " 3415.407 610 " 0 " (]
O 7330417 600 " 0 r 0
g 7 3303.427 590 " 0 " 0
E 7 3247.436 580 " 0 " 0
7 3191.436 570 " 0 " (]
7 3135.456 560 " 0 " 0
7 3079.466 550 " 0 4 0

Figure 5.11: QC5 template file : rate measurement.
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698

4. Turn the X-ray source ON and repeat the counts measurement in the same
conditions. Report the result in the Excel file.

5. Turn the source OFE

Figure 5.12: Close view of the Panasonic-to-LEMO adapter for the rate measurement.

6. Check the name of the data file on the Keithley control software (Fig. 5.9) and
make sure it corresponds to the actual configuration of the setup (current in
the divider and status of the source).

7. Start the acquisition in Labview by clicking on the white arrow on the top left
of the front panel. After few seconds the data will be displayed in a waveform
graph, as shown on Fig. 5.13. At this step the X-ray source is still OFE

]

TemporaryFile
4lC i i s Keythley_ \ [

f
fle path (dialog i empty)
‘rzzxusm\nammmmu\osnop\nm\am_c.|.umn\cm-vn-l-c[mmmun;_Kmnk,_msom\cm-w-n-czm-m_lmmmn_s«w«oum ‘ [~

reading
F12433€9 |

Time & | vy
[Ampiitade LIPS

Corsorss (X (¥ 4]

®]

A — -
+@w |

Figure 5.13: QC5 Keithley 6487 control software (front panel).

8. When the number of measurement points is larger than 200, stop the acqui-
sition by clicking on the "stop" button shown on Fig. 5.9. The output file
with the data will be automatically saved in the folder that you specified pre-
viously. Then copy the content of this file into the Excel file, in the dedicated
tab named with the value of the equivalent current for this operating point,
for example "700uA" (see Fig. 5.14). The average value and the error will be
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700

701

702

703

704

705

706

automatically calculated and written in the tab "Raw Data Summary" (see
Fig. 5.14).

Keithley txt file

Excel file

GE11-VII-L-CERN-0002 |imon700uA|lSourceOnjtxt | [2 | sowceoff [ sowceon ]
=4 .436503E.6 3.180316E-1 5 |Average STDEV Average  STDEV
. . 6 |(ua) (uA) (uA) (uA)
-4.477579E-8  1.006106E+8 7 r-3.00e12” 126117 4.44608" 11609
-4.522735E-8  1.414141E+0 |8 | Gemson GEMs On
-4.431536E-8 1.523182E+8 9 | 432612 1.03E+00
-4.405615E-8  2.230223E+8 | 10 | 4.55€-12  181E+00
-4.271328E-8  2.636263E+0 % i;;ii; ;Zi*%
107611 26364

-4.389267E-8  3.044304E+0 S 2506121 3.04E+00
-4.540038E-8  3.453345E+8 B 523612 ] 3.446%00
-4.371077E-8  3.858386E+0 e 12 3.85€+00
-4.632352E-8  4.265426E+0 copy/past® Ge | 1
-4.375897E-8  4.672467E+0 17 | -136E-12 4.676+00
-4.398930E-8  5.B81565E+8 |18 | -4.08E12 5.07£+00
-4.396588E-8  5.489549E+8 % L7 Sasn
-4.622416E-8  5.898590E+0 [BEe 05512 € 306500
-4.161629E-8  6.307631E+0 =
-4.544427E-8  6.716671E+8 501t l;' '1 o
-4.512776E-8  7.124712E+8 e37E.12[ L45Ev01
-4.518957E-8  7.536753E+8 N 6.826-13 1496401
-4.EE7E46E-8  7.939794E+0
-4.547951E-8  8.346834E+0
-4.432672E-8  8.752875E+0

700uA

690uA

Figure 5.14: QC5 copying the data from the Keithley text file to the excel file.

Single Chan HV Supply

Divider Environment For Measuring Rate For Measuring Current MCA
Vmon Imon Time Pressure  Temp Source Off Source On Source Off Source On Run # Pk Pos.
Counts Err Counts Err Current Err Current Err
W (uA) (HHMM)_(hPa) __ (DegO)__(N) ) ) ) w___ w___m ™) (ADC Chan)
T 3975.31 710 14:00 967 24.2 102 10.099505 558078 747.04618 | -3.00E-12  1.23616E-11 -4.44E-08 1.M859E~09r
" 391932 700 " 0 " 0
o | 386333 690 - 0 " (]
bo [ 3807.339 680 r 0 r 0
5 7 3751349 670 - 0 - 0
o 3695359 660 . 0 " (]
o 3630368 650 " 0 " 0
e 3se3dme 640 _______ T__.o0____T___o
S s 630 r 0 T 0
BN 3471308 620 " 0 " 0
o "3415.07 610 . 0 " 0
O  as0ary 600 " 0 " 0
Q " 3303.427 590 . 0 " (]
= 7 3247.436 580 . 0 " 0
< 0106 570 " 0 " 0
7 3135.456 560 . 0 " 0
7 3079.466 550 . 0 " 0
Figure 5.15: QC5 template file : output current measurement.

9. Turn the X-ray source ON and repeat the Keithley measurement in the same
conditions. Copy the content of the new file into the Excel file following the
previous Instruction.

10. Turn the X-ray OFE
11. Repeat steps 1 through 11 for operating points 690 pA down to 550 pA point

in steps of 10 pA as shown in the Excel file.
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708

5.2.3 TYPICAL RESULTS

Typical results of the QC5 effective gain measurement are shown on Fig. 5.16.
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Figure 5.16: QC5 Typical results of the effective gain measurement with GE11-VII-L-CERN-

0001.
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5.3 QCb5: RESPONSE UNIFORMITY

The QC5 response uniformity test consists of measuring the pulse hight distribu-
tion all over the active surface of a GE1/1 detectors.

5.3.1 DESCRIPTION OF THE SETUP

The QC5 response uniformity test takes place on the same test stand as the QC5
effective gain described in section 5.2. The detector is powered using a pro-
grammable HV power supply (e.g. CAEN N1470) that allows the user to control
the current limit (ISET), the steps to ramp up and down the voltage, the maximum
voltage, and the trip time. This power supply must be able to deliver a current up
to 1 mA with a monitoring resolution lower than 1 pA in order to identify possible
leaks, sparks, or unusual current fluctuations.

The detector is flushed with the gas mixture Ar/CO- (70:30) at least for 5 hours
at2.5 L/hr.

The readout electronics is based on the Scalable Readout System (SRS) designed
by the RD51 collaboration. It consists of APV25 Front-End ASICs with 128 readout
channels connected to the readout board of the detector (Fig. 5.17). Each channel
contains a pre-amplifier and a shaper working at a frequency of 40 MHz. The
analog information of the pulses is sent to an ADC card via HDMI cables, itself
connected to the Front End Card (FEC) responsible for the communication with
the external devices and the control of the chips.

! External
“—random trigger
(dual time)

DTC link

1
[Amore| | Analysis :
Ialllvv'\)lI 1
1
1

Reco.)|| (Ana.)

Control

Figure 5.17: Schematic overview of the QCS5 test setup.

The data acquisition is done using the Alice DAQ software named DATE. The
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configuration of the SRS registers is possible through the web interface SCRIBE
designed by S. Colafranceschi? of FIT. The event reconstruction performed by
amoreSRS (adapted from AMORE) with the final analysis handled by the CMS
GEM analysis framework.

5.3.2 PREPARATION OF THE DETECTOR

After the QC5 effective gain test, the detector should be in position in the X-ray
station, filled with the gas mixture Ar/C0, (70:30) and already grounded and
equipped with the APV25 chips (Fig. 5.4). The preparation of the detector for the
QC5 response uniformity test simply consists of connecting the APV hybrids to
the FEC cards with HDMI cables. To do so:

1. Makes sure the SRS system is OFF before starting the intervention on the
APV chips. Never plug/unplug the HDMI cable from the hybrid while the
chip is powered.

2. Gently connect the HDMI cable labeled "11/12" to the master APV on the
readout sector (in,i¢)=(1,1) (associated to the slave APV in (in,i¢)=(1,2)).

3. Secure the HDMI connection by putting kapton tape or a cable tie near the
APV connector, as shown on Fig. 5.18. Make sure you are not applying too
much stress on the cable itself, under the penalty of breaking the HDMI
connector on the hybrid.

Figure 5.18: QC5 picture of the HDMI cable connected to its APV25 hybrid.

4. Repeat steps 2 and 3 for all the readout sectors.

2Stefano.Colafranceschi@cern.ch
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750 Additionally, make sure the X-ray gun is facing the middle of the sector (in,i$)=(4,2),

751 with no cap, no collimator, and no filter. At this step the detector is ready for the
752 measurement.

753 5.3.3 PREPARATION OF THE DAQ SYSTEM

754 The first step of the DAQ preparation consists of several steps:

755 1. Create, if not already existing, a new directory where to save the raw data and
756 the root files after the event reconstruction in amoreSRS. By convention, the
757 name of this directory should follow the template GE11-VII- X -SITE -
758 Z77ZZ,where X stands for S (short) or L (long), SITE the official name of
759 your production site and ZZZ Z the detector serial number, for example:
760 GE11-VII-L-CERN -0001.

761 2. Then, start the DATE software by executing the command DATE in a new
762 terminal. After few seconds, two windows will appear. In the infoBrowser
763 window, disable the online mode by clicking on the green ONLINE button,
764 then change the "devel" status to "any" and enable the online mode, as
765 indicated in Fig. 5.19.

fiters Export
Level _i Date v Time [§ decimals % Host i Role i Pd i Usemame _| System /¥ Faciity _ Delector _i Partiion i Run | ErCode i srcline _ srcrlle
Time Host Faciity Message Al

1. Disable the ONLINE mode
2. Change “devel” to “any”
//3. Enable the ONLINE mode N\

*4774 e o NN =)
e e s caren s e e e S|

- g match | I I I I I [ I I I
E_ﬂmi_ J:muﬂll—l—l—l—l—l—l—!—!—!—:_@_|
S eE=] Wessages:  Cean now [ scrob [t cean

data - from 1011072014 11:08:45

[ Fna

Figure 5.19: QC5 DATE info browser window.

766 In the test control window, activate the local control of DATE by clicking on
767 the open locker (Fig. 5.20).

768 3. Turn ON the SRS crate.

769 4. Open a new terminal and send a ping request to the FECs with the com-
770 mand line "ping 10.0.0.2" (FEC 1) and "ping 10.0.1.2" (FEC 2). If the FEC
771 are correctly communicating with your computer, you should receive return
72 messages as shown in Fig. 5.21.

773 5. Open a new webpage and connect to SCRIBE (e.g. localhost/srs_v3.php).
774 6. Inthe General control panel (see Fig. 5.22), set the number of FEC to 2 and
775 indicate their IP addresses (by default 10.0.0.2 for FEC 1 and 10.0.1.2 for FEC
776 2). Leave all the other parameters with the default values. Apply the new

777 configuration and then start the initialization of the SRS system.


localhost/srs_v3.php
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|LDC: Local Recording OFF v |

GDC: NO Recording v

Trace
Clear

Debug
Pause

Bigger
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Figure 5.20: QC5 DATE test control window.

= =y —FEC 1

[emssrs2] /home/userSRS >, ping 10.0.0_.2
PING 10.0.0.2 (10.0.0.2) ?6('541—\»7&5 of data.

64 bytes from 10.08.0.2: icmp_seq=1 ttl=64 time=1.36 ms
64 bytes from 10.0.0.2: icmp_seq=2 ttl=64 time=0.866 ms
64 bytes from 18.8.08.2: icmp_seq=3 ttl=64 time=0.046 ms
64 bytes from 10.8.0.2: icmp_seq=4 ttl=64 time=0.063 ms
64 bytes from 10.0.08.2: icmp_seq=5 ttl=64 time=0.065 ms

--- 10.0.0.1 ping statistics -—
5 packets transmitted, 5 received, 8% packet loss, time 40804ms
rtt min/avg/max/mdev = 0.046/0.321/1.366/0.522 ms
[ecmssrs2] /home/userSRS >
[emssrs2] /home/userSRS >pm we = = e
[ecmssrs2] /home/userSRS >!_pin 10.0.1.2 1KFEC 2
PING 10.0.1.2 (10.0.1.2) Gﬂlg)-bytes of data.
64 bytes from 108.8 : icmp_seg=1 ttl=64 time=0.501 ms
64 bytes from 18.8.1.2: icmp_seq=2 ttl=64 time=0.061 ms
64 bytes from 18.0.1.2: icmp_seq=3 ttl=64 time=0.861 ms
(]
[

64 bytes from 10.8.1.2: icmp_seq=4 ttl=64 time=0.061 ms
64 bytes from 10.8.1.2: icmp_seq=5 ttl=64 time=0.067 ms

el el
NNNNN

Figure 5.21: QC5 terminal output after a ping request.

7. Finally, to setup the trigger system, use a two stages dual timer (e.g. CAEN
N93B). On the first stage, set the width of the output signal to 1 us. Connect
the End Marker output of the first stage to the input of the second stage.
Set the width of the output signal of the second stage to 1 us and connect
the End Marker output of the second stage to the input of the first stage.
Send the ouput of the first stage to a logic fan in/fan out module and then to
the trigger input of the two FECs. Press the Star ¢ button of the dual timer to
start the loop and generate the trigger signals. Adjust the width of the second

stage to obtain a trigger rate of the order of 700 Hz.

Before starting the response uniformity measurement you need to define the
appropriate operating point of the detector. To do so, use the results obtained

5.3.4 UNIFORMITY TEST
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SRS FEC Ports SRS FECs Number Of FECS
SRS System Port: 6007 Total number of FECs 2
/ADC Card Port: este
IAPV Application Registers Port: so3s e 7727777, I
APV Hybrid Registers Port: ozo3 e H :EE :: v oo 0 2 i:g "'-"“EE”
" Initialize SRS g " Kac mmbers

isize RS 1 1|FEC IP: IFEC numbera

Initialize SRS |
o System @ FEC @ APV AR @ APV H ) APZ App|y 1FEC P IFEC gumbers

Save SRS Message \ EEEEE X LR L R_ I P d d

‘Agply configuration || a ress

Figure 5.22: QC5 SCRIBE general panel.

790 with the effective gain measurement: fit the gain vs. divider current curve with
701 an exponential function. Then use the resulting formula to define what divider
792 current exactly corresponds to a gain of 600 (usually between 580 uA and 600 pA).
793 To perform the response uniformity test, proceed as follows:

794 1. Slowly ramp up the HV on the detector to reach the operating point corre-
7905 sponding to a gain of 600. .

796 2. Slowly ramp up the voltage on the divider to reach the divider current equiv-
7907 alent to an effective gain of 600. For each HV step, set the current limit ISET
708 to the target value plus 5 pA, for example 305 pA if the target value is 300 pA.
799 3. Open the DAQ window in SCRIBE. Set the absolute path to the raw data folder
800 the dedicated field, then apply the changes. Clickonthe "ZS configuration"
801 button to start the configuration of the Zero-Suppression as indicated in
802 Fig. 5.23. Note that this step must be done every time the electronics is power
803 cycled or if the operating point is changed.

General SRS system ADC Card APV Application Registers APV Hybrid Registers APZ Registers ZS
PEDESTALS DAQ

["Run 12 started "]

ICONFIGURE AND RUN START/STOP|

Absolute path to the raw data folder
Rawdata folderydata_ _ ‘———'

— Update the new path
Start the Zero Suppression configuration

DATEON | Startrun  Stoprun DATE OFF

Figure 5.23: QC5 SCRIBE DAQ panel.
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804 4. Open the APV Application Register window in SCRIBE (Fig. 5.24) and select

805 FEC 1. In the "value to write" field, set the value 0x4 in the register with the
806 address 0, then click on "Write value". Repeat this step for all the registers
807 with the appropriate values indicated in Fig. 5.24. Then repeat the same
808 procedure for FEC 2.
:iAPV Hybrid isters APZ isters ZS PEDESTALS DAQ
Cnehiariedy] — Selection of the FEC AP\./ application
register panel

[Address (HEX) - Value to Write (HEX)|[ReadBack value| Online Help

[0 Tod [ Write vaue 1]jox4

1 0x9 wite value |I[oxg

2 010000014 | Write value ||[0x120

3 ox2d [ write value |l[[ox2d

4 0x80 10x80

5 0x12C 12¢

6

2 I oot Writing to the registers

8 OXFFFF Write value | ||Oxffff

9 0x9c4 Write value | ||0x9c4

0a 0x0 [ write value | [[0x0

oo 0x0 Write value | [0x0 [EvBLo_ever

oc Write value | ||0x0 [EvBLD_EVENT_INFo_DATA|

0d [ write value | [[0x0 [reservea |

Oe Write value | ||0x0 reserved

of 0x0 Write value | ||0x0 RO_ENABLED

10 0x0 Write value | ||0x0

11 0x80 Write value | ||0x80

12 0x0 Write value | |[0x0

13 0x0 Write value | |0x0

14 0x0 Write value | |00

15 0x0 Write value | |[0x0

1d 0x0 Write value | ||0x0

le 0x0 Write value | |00

1f 0x0 Write value | |[0x0

Figure 5.24: QC5 SCRIBE APV Application Register panel.

809 5. In the DATE test control window, select the available arrow to the right to
810 enable the run parameterization (see Fig. 5.25). Click on Define, then LDC
811 to open the run parameter window.

1. Go to the Run parameterization step

- DAT/ DAQ_TEST_DAQ::DAQ_TEST_CONTROL
L ES
HI running on cassrs] with PID 13831
RC running on cmssrsl with PID 31209
ALICE
™ =-
Ready to start ta Taking
e oo, o
Define Define
1 EDM 1
e Stop
HLT: mode & v |l aport
LDC: Local Recording OFF v
GDC: NO Recording v
2. Access to run parameters——I
[RUN NOMBER : [INKNOWN  Run Control Status : [CONNEGIED

[Fri 10 11:08:38 (H1) ranControl is unlocked N
Fri 10 11:08:38 (HI) Current RC options loaded from : DATE_CONFIG
Fri 10 11:08:38 (HI) Current Run parameters loaded from : DATE_CONFIG
Debug  ||Fri10 11:08:38 (HI) Current configuration loaded from : DATE_CONFIG
Fri 10 11:08:38 (HI) HI options loaded from : DEFAULT in Datahase DATE_CONFIG

Tl

i

Figure 5.25: QCS5 test control window.
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812 In the run parameter window (see Fig. 5.26), fill the "Max. number of sub—

813 events" field with the number of events you want to acquire per run (typi-

814 cally 500 000). In the "Local Recording device" field, set the absolute path

815 to the raw file named "cmssrs.raw" in the raw data directory. This file will

816 be automatically renamed by SCRIBE after the end of a run. For example

817 "/data/GE11-VII-L-CERN-0001/cmssrs.raw". Make sure the filepath in DATE

818 matches with the filepath indicated in SCRIBE. Clickon "Apply tagged values to selected items",
819 close the window, click "OK" then "Y ES" to approve the changes.

Number of events per run
/absolute-path-to-the-raw-data-folder/cmssrs.raw

- Define -x
e = X)]
Select by name Select all
Select by tagged values Deselect aI_J
4 Max. number of sub-events WIF____—K _TEST/aloneldc A
- —H‘» Bytesitoresaey [t
| Max. number of bursts [0
r Max. number of errors o
- Max. event size |[fooggooo
al A Max. file size o
1 | Logging level 10 o
J r Local Recording dovice __J [nenis/SAUTaiooz) |
n| 4 SOR in Separate File [
ﬂ x4 Paged data flag |
e 1 Monitor enable flag 1
4 LDC socket size o = Apply
i |__ Max. time for SOR/EOR phases [[30
4 Recorder sleep time o
| Completion sleep time [
r Rec sleep for mask. o

i
Get values
Default e aascioarenll Il 2 | Ppply tagged values
values 1o selected it
———— tems

Figure 5.26: QC5 DATE run parameters window.

820 6. In the DATE test control window, select the available arrow to the right to
821 enable the "Ready to start" panel (see Fig. 5.27). Switch the local recording
822 of the LDC to ON. If the recording is set to OFE the data will not be written
823 on the disk and therefore lost forever. Then clock on "Start processes".
824 After few seconds, the DATE info browser window (Fig. 5.19) will display the
825 message "Equipment ready".

826 7. In the DATE test control window, select the available arrow to the right to
827 enable the "Data to Taking" panel (see Fig. 5.28). Clock on "Start" to
828 start the run.

829 8. Power ON the X-ray gun with the parameters 40 kV and 100 pA.

830 9. Open the SCRIBE "D AQ" window and click on "Start run" to enable the
831 trigger, as indicated in Fig. 5.29.

832 10. After the trigger was enable in SCRIBE, you should see the trigger rate around
833 700 Hz in the DATE LDC status window (Fig. 5.30). Similarly, the number of
834 recorded events is increasing while the acquisition in ongoing.

835 11. When the total number of required events is reached, the acquisition will
836 stop automatically. After several seconds, SCRIBE will rename the raw file

46



837

838

839

840

841

842

843

844

845

846

847

848
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855

856

857

858

859

860

1. Go to the Run parameterization step

=%

Status updated

DATEDAQ_TEST_DAQ: DAQ_TEST_CONTROL
Fle View Options Windows
DAQ_TEST
- Run

LY Control
HL running on mssrsl with PID 13831

ALICE RC running on §gssrsl with PID 31209
Disconnected Connected
| |pameeed -
Define | Define 4
_{ EDM Stop
wow | Show HLT: node B |
ILDC: Local Recording OFF '

GDC: NO Recording

3. Start the acquisition
RUN NUMBER : |UNKNOWN  Run Control Status : |CONNECTED I

Trace  [Fri10 11:08:38 (HI) ranControl is unlocked A
Clear ||Fri1011:08:38 (HI) Current RC options loaded from : DATE_CONFIG,
Fri 10 11:08:38 (HI) Current Run parameters loaded from : DATE_CONFIG

Debug ||Fri10 11:08:38 (HI) Current configuration loaded from : DATE_CONJIG
— Fri 10 11:08:38 (HI) HI options loaded from : DEFAULT in Daf DATE_CONFIG
ise

meer | 2. Enable/disable the recording of the data

1
Smaller |77 (Y

Figure 5.27: QC5 DATE test control window.

from cmssrs.raw to gemfitYYY.raw, with YYY the run number.
12. Power OFF the X-ray gun.

13. Open a terminal and go to the raw data directory you defined previously.
Rename the file gemfitYYY.raw to
GEN1-VII-X-SITE-ZZZZ RunYYY_Xrayd0kV100uA_WWEvt.raw,
where X stands for S (short) or L (long), SITE the official name of your pro-
duction site, ZZZ Z the detector serial number, YYY the run number and
WW the number of events collected. For example: GE11-VII-L—-CERN—
0001_Run001_Xray40kv100uA_500kEvt.raw. Note that the run number
Y Y'Y should be unique and increasing across all tests of a detector. In case
the QC response uniformity of a particular detector must be repeated, the
first run of the new measurement must follow the number of the last run of
the previous measurement.

14. Repeat steps 5 through 12 to take more runs until the total number of
recorded events reaches 10 million.

Note 1: in the case of fatal error in DATE (e.g. no more space on your hard
disk, hardware issues, trigger issues ...). You may have to stop the X-ray gun, quit
DATE (close all the windows) and power cycle the SRS system. Then, to restart the
system and take new runs, repeat step 2 though 12.

Note 2: in the case the trigger rate drops down to zero for no hardware reasons,
you may have to stop the run manually. To do so :

1. Power OFF the X-ray gun.

2. Open the SCRIBE "DAQ" window and click on "Stop run" to disable the
trigger (Fig. 5.29).
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1. Start the run

DATEDAQ_TEST_DAQ::DAQ_TEST_CONTROL -x

DRQ_TEST
DAQ - Run Control
HL running on cmssrsl with PID 13831
RC rumning on cmssrsl with PID 31209
ALICE
Disconnected Connected | Ready to start a0 Taking|
|‘# [Run Paraneter: ‘_I_' Start processes Start |I
Define Define
1 EDM Stop
wov | S HLT: node A ] T |
LDC: Local Recording OFF v
e GDC: NO Recordi v
3. Start the acquisition S |

RUN NUMBER : |ONKNOWN  Run Control Status : |CONNECIED

Fri 10 11:08:38 (HI) runControl is unlocked

Fri 10 11:08:38 (HI) Current RC options loaded from : DATE_CONFIG

Fri 10 11:08:38 (HI) Current Run parameters loaded from : DATE_CONFIG
Fri 10 11:08:38 (HI) Current configuration loaded from : DATE_CONFIG

Trace
Clear
Debug
Pares Fri 10 11:08:38 (HI) HI options loaded from : DEFAULT in Datahase DATE_CONFIG
_ Buger |
Smaller I

Figure 5.28: QC5 test control window.

General SRS system ADC Card APV Application Registers APV Hybrid Registers APZ Registers ZS
PEDESTALS: DAQ,

['Run 12 started "]

ICONFIGURE AND RUN START/STOP

Rawdata folder jaata
IRawdata filename gemsrs.raw

upee st pt _ Start/Stop the run
Configure ZS

DATEON | startrun _ stoprun_| DATE OFF

Figure 5.29: QC5 SCRIBE DAQ panel.

861 3. In the DATE test control window, select the available arrow to the right to
862 enable the "Data to Taking" panel (see Fig. 5.28). Clock on "Stop" to stop
863 the run.

864 4. Inthe SCRIBE "D AQ" window and click on "DATE OFF" (Fig. 5.29).

865 5. To start a new run, repeat the previous procedure 5.3.4 from steps 4 to 12.
866 5.3.5 ANALYSIS

867 The analysis of th QC5 response uniformity test is divided in two steps:

868 1. the decoding and the reconstruction of the events with the analysis tool
869 amoreSRS;

870 2. the data extraction and the fit of the pulse-height spectra using the CMS
871 GEM analysis framework.

872 To perform the event reconstruction with amoreSRS, proceed as follows:
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875

876

877

878

879

880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

Trigger rate DAQ_TEST
\

Beaa0
host
Current Trigger rate

Number of events

already recorded puerage Tigger e\ RGP oo
— ber of sub-event | 170 1
Sub-event rate D S —

Sub-events recorded 173
Sub-event recorded rate |0

Bytes injected 20333692
Byte injected rate 0B/s
Bytes recorded 20333692

Byte recorded rate 0B/s

Figure 5.30: QC5 DATE LDC status panel.

1. Open a new terminal and type Amore to access the main directory of the

reconstruction tool.

. Edit the configuration file amore.cf g in the sub-directory configFileDir.

For example : > gedit configFildDir/amore.cfg &.

. In the amore.cf g file, set the first parameters as follows: CYCLEWAIT

2; STARTEVENTNUMBER 0; EVENTFREQUENCYNUMBER 1. The
result is shown on Fig. 5.31.

#

#HdwAHH#ER SOME PARAMETERS TO DEAL WITH amoreSRS run

### How long amoreSRS wait (in second) between 2 monitoring cycles
CYCLEWAIT 2

### Start analysis at Event number STARTEVENTNUMBER
STARTEVENTNUMBER @

### analyse only events with EvtNb module EVENTFREQUENCYNUMBER == @
EVENTFREQUENCYNUMBER 1

Figure 5.31: QC5 amoreSRS configuration file (1).

. In the section CLUSTIZATION PARAMETERS, set ZEROSUPCUT to

10, MINCLUSTSIZEtol, MAXCLUSTSIZEto20and MAXCLUSTMULTY

to 20. Then, set the CLUSTER_ADCS parameter to "totalADCs", as indi-
cated on Fig. 5.32.

. In the next section, set the HIT_ADCS parameter to "signalPeak", as shown

on Fig. 5.33. Then set ROOTDATATY PE to "HITS_AND_CLUSTER" to
allow both hit and cluster reconstructions. Leave the other options com-
mented.

. In the last section, indicate what mapping file should be used by amoreSRS
(forlong or short chambers) and leave the other option commented (Fig. 5.34).

Indicate at the RUN N AME line the absolute path to the raw data folder and
the name of the output file that will be created by amoreSRS. Make sure you
don’t use any extension after this name. The extension "_dataTree.root" will
be automatically added by the program itself. Finally, set the RUNTY PE to
"ROOTFILE" and leave the other options commented.
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906

#idtiasnn CLUSTERIZATION PARAMETERS

ZEROSUPCUT 10
MINCLUSTSIZE 1

MAXCLUSTSIZE 20
MAXCLUSTMULT 2@

#

### CLUSTER_ADCS  keyword for the ADC information at the cluster level (collection of hits) used during the analysis

### maximumADCs == ADC of the strip/hit with the maximum charge in the cluster
### totalADCs == sum of the ADCs of all the strips/hits in the cluster
CLUSTER_ADCS totalADCs

%

Figure 5.32: QC5 amoreSRS configuration file (2).

#.

### HIT_ADCS: keyword for the ADC information at the hit level (individual strip) used during the analysis
### IntegratedADCs == sum of the ADC all the time sample (bin/slice) of the apv signal of the strip (hit)
### SignalPeak == only the time sample (bin/slice) with the highest ADC is used for the analysis

HIT_ADCS signalPeak

#

#

### ROOTDATATYPE: keyword for the type of data in the output root tree file

### HITS_ONLY: root tree contains only hit information: strip No, ADCs, time bin of the peak ...

### CLUSTER_ONLY: root tree contains only cluster information: hit position, cluster ADCs, time bin ...
### TRACKING_ONLY: root outup dedicated to tracking (still in progress ...) TRACKING runtype

### OTHER (or nothing) output both cluster and hit information

#ROOTDATATYPE HITS_ONLY
#ROOTDATATYPE CLUSTERS_ONLY
ROOTDATATYPE HITS_AND_CLUSTERS

Figure 5.33: QC5 amoreSRS configuration file (3).

7. Save the changes and close the configuration file.

To start the reconstruction with amoreSRS, type in the terminal :
> amoreAgent —a SRS01 —s /path—to—data— file/data— fileraw -
e XXX —cYYY, where XXX stands for the number of events per cycle and YYY
the total number of cycles of analysis. The product of XXX by YYY should be equal
to the total number of events in the data file. For example:
>amoreAgent —aSRS01 —s/datal/GE11-VII-L-CERN-0001/Run045.raw —
e 10000 —c 10.

The second step of the analysis consists of processing the root file provided
by amoreSRS with the CMS GEM framework. Detailed instruction on how to
install and how to use this framework are available in the README available on
https://github.com/bdorney/CMS_GEM_Analysis_Framework/tree/release_v1.1.
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/home/userSRS/SRS/Analysis/AMORE/amoreSRS/configFileDir/Mapping_GE11-VII-L.cfg

MAPFILE
(PMAPFILE  _ _ _ _ /home/userSRS/SRS/Analysis/AMORE/amoreSRS/configFileDir/Mapping_GE11-VII-S.cfg _'
SAVEDMAPFILE /home/userSRS7SRS/Analysi s/AMORE7amoreSRS/results/mapping. cfg
HISTCFG /home/userSRS/SRS/Analysis/AMORE/amoreSRS/configFileDir/histogram_default.cfg
DISPCFG lj home/userSRS/SRS/Anqlysi s/AMORE /amoreSRS/configFileDir/display defaylt.cfg . _ _ _ _ — _ _ - — — —
RUMAME I/ data/GELT-VIL L-CERN-0001/GE1L-VIL-L-CERN 0001 Run6@6;._Physics Randon i gger XRay40kVoguA_573uA_So0Kevt
wsnansssunssssas oIFrerent RunTvees  /Absolute-path-to-the-raw-data-directo ry/ output-file-name
#RUNTYPE RAWDATA
#RUNTYPE RAWPEDESTAL
#RUNTYPE PEDESTAL
#RUNTYPE PHYSICS

HRUNTYPE _ _ IRACKING .
IRUNTYPE ROOTFILE ; Analysis run type

Figure 5.34: QC5 amoreSRS configuration file (4).

1
4

51



907

908

Coming soon ...

5.3.6 TYPICAL RESULTS
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