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1. Introduction
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1.1. Purpose

This is the final CDR1.2 for the nBLM Project. It was split in two to avoid delays in the

procurement of material. In July 2018 a CDR1.2.1 was presented with the focus on the mechanical
design of the detectors and gas system (https://indico.esss.lu.se/event/1083/).

The document is complemented with further documentation listed in section 1.3. The general

requirements and specifications of the system can be found in [1].

1.2. Documents sent in nBLM CDR1.2 package

Document

Description

nBLM_CDRfinal.pdf

This document

Capteur lent V5-1 F - Dossier de plans complet pour
Fab.pdf

Detector drawings

Rails et supports — plans.pdf

Detector support drawings

nBLM_GasPipes_v2_withPIDs.pdf

Gas system specifications and P&IDs

nBLM_verification_plan.pdf

nBLM verification plan

nblm_control_system_design 2019 02 _01.pdf

nBLM control system design

nBLM_CDRfinal_ReportTests.pdf

Report with the results of the tests done at
different irradiation facilities with the prototypes
including real loss detection at LINAC4

Requirements and technical specifications - ess nblm
system.pdf

Requirements and technical specifications - ess
nblm system.pdf

Preliminary results of the ESS nBLM DAQ test at
Linac4.pdf

Preliminary results of the ESS nBLM DAQ test at
Linac4

nBLM FW implementation.pdf

FPGA implementation

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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1.3. List of acronyms and abbreviations
Name or acronym Definition
BEE Back-End Electronics
BIS Beam Interlock System
BNC Bayonet Neill-Concelman (Connector)
CA Channel Access
CEA Commissariat a I'Energie Atomique
CPU Central Processor Unit
CS Control System
DTL Drift Tube Linac
EEE ESS EPICS Environment
ESS European Spallation Source ERIC
EPICS Experimental Physics and Industrial Control System
ESSI ESS Irfu project
FEE Front-End Electronics
FPGA Field Programmable Gate Array
GND Ground
GUI Graphical User Interface
HEBT High Energy Beam Transport
HWR Half Wave Resonator
IKA In-kind agreement
1/0 Input / Output
ICS Integrated Control System
LCS Local Control System
LINAC Linear Accelerator
MCA Multi-channel Analyzer
MEBT Medium Energy Beam Transport
MMs Micromegas detector
MPGD Multi Pattern Gaseous Detectors
MPS Machine Protection System
MTCA Micro Telecommunications Computing Architecture
nBLM Neutron sensitive Beam Lost Monitor
PA Preamplifier
PCB Printed Circuit Board
PDR Preliminary Design Review
PLC Programmable Logic Controller
PV Process Variable
P&ID Piping and Instrumentation Diagram
SAR System Acceptance Review
SMA SubMiniature version A (Connector)
SowW Scope of Work
SHV Safe High Voltage (Connector)
TBC To Be Confirmed
ToT Time Over Threshold

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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2. Description of detectors objectives

In the document [2] attached to the CDR1.1 package we clarify the differences between what we
called slow and fast detector in the nBLM system. In this section we give a brief overview.

The nBLM system is a new Beam Loss Monitor based on the detection of neutrons using a
Micromegas detector. It is complementary to other BLM systems in ESS. It was originally conceived
to operate in counting mode, in the region where others BLMs have a small sensitivity, i.e. in the low
energy region of the accelerator. The expected rate during normal operation discussed during the
conceptual design of the system was of few n/s. In addition, in the low energy region, only neutral
particles (neutrons and photons) are able to escape from the accelerator. The detector we propose
is only sensitive to neutrons and insensitive to gammas, presenting a big advantage compared with
icBLM where an x-ray background from the RF could hide or mimic a lost from the accelerator.

Micromegas [3] detectors are a type of MPGD (MicroPattern Gaseous Detectors) used very
extensively in a wide range of particle and nuclear physics experiments, including neutron detection,
for example in the nTOF experiment. As indicated by its name it is a gaseous detector where the
charged particles arriving to the chamber will ionize the gas and this ionization is amplified and
detected in the Micromegas detector.

The expected signal in a Micromegas detector are from few tens to few hundreds of mV. The
requirements from ESS for such a system is to be able to give a response in 5 ps and to be able to
monitor losses of 100 mW/m.

The detectors we propose are in fact the combination of two detectors, that we call “Slow” and
“Fast”, based on their time response. However, they have also another differences between them,
mainly determined by the way the neutrons are converted into charged particles that produce a
signal in the chamber. A Micromegas detector, as any ionization detector, detects charged particles,
therefore, we need to use a convertor in order to detect the neutrons. In the aforementioned
document a comparison between the signal formation, the expected sensitivity and the expected
function of each one is discussed. They were conceived to have a complementary functionality. In
Table 1 the characteristics of each detector are summarized.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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SLOW FAST
Convertor B4C Mylar or Polypropylene
Reaction 108(n,a) (n,p)
Signal Fast neutrons after moderation Fast neutrons

Detected energy

~constant for all neutron energies

Depends on initial neutron energy

Sensitivity 10 < En < 100 MeV En > 0.5 MeV

Solid angle 4an 21, n coming from the front only
Sensitivity ~few n-cm?s?t ~10-100 times smaller

Response time ~200us ~0.01ps

Objective

Monitoring of small losses

Yes, for thermal neutrons

Alarm (in 5 us)
Fine structure of the lost
Not needed

Shielding
Table 1: Summary of the characteristics of each detector. Note that “En” is the energy of the neutron
detected.

3. Mechanics Design

3.1. Detector designs

The design of the detectors was presented and approved in in the nBLM CDR1.2.1 detector review
[4] in July 2018. Since then, very little modifications have been made. The main ones are the front
face of the detectors with space for the tracking label and a change in the screen-printed characters,
and the piece to attach to the mechanical support to be made in PEEK and not in stainless steel to
decouple from the ground. The final version of the design, used for the procurement of the material
is attached as external document called Capteur lent V5-1 F - Dossier de plans complet pour Fab.pdf.

3.2. Detectors Support design

The location of the 84 detectors (42 nBLM slow modules and 42 nBLM fast modules) was
presented and approved during the CDR1.1 [5]. Based on this distribution, three different kind of
supports are foreseen and have been designed. The full design is attach in the documentation
package, document name Rails et supports — plans.pdf.

The designs were discussed with ESS-BI and crosschecked with the ESS 3D model to identify possible

issues in terms of space. The actual status is that the one corresponding for the DTL is approved and
included at the ESS 3D Model, while for the other two, their validation is on-going.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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The designs consist on:
e For the DTL Section

There are 8 detectors per DTL (4 slow and 4 fast) placed interleaved every meter

approximately. A rail has been conceived to place all of them along the DTL. An image can be

seen in Figure 1 and in Figure 2.

¥

1 1 2 I 3 4 I 5 I 6
LISTE DE PIECES
MNotes: une plaque de liaison [16] peut étre remplacée par un support de détecteur Fast. ARTICLE | QTE NUMERC DE PIECE DESCRIPTION
Prévair les vis de fixation et les chevilles pour le sol (béton) pour chaque pied [17h] et [172]. 14 1 |Profilé Norcan 45x30 - NO166 Longueur: 3802 mm
Multiplier la quantite de pieces [17n] et [4] par 3 pour ce montage, par le nombre de pieds 15 1 |Profilé Norcan 45x90 - NO156 Longueur: 4000 mm
Al pour un ensemble plus long (voir page suivante). 16 2 |Plague de liaison de rail - N1182 111 inclus B ensembles [4] (x2)
i7 3 |Pied support de rail voir détails ci-dessous
2 Cache 45x50 - N1706
4 |equerre de rail - N1103
1 [Profilé Norcan 45x90 - NO16& Longueur: 1500 mm
_ 2 |Pied pour sol - N1225
E |10 4762 - MEx 20 Vis cylindrigue 3 six pans creux
& |M3310-écrou de rainure ME
2 |éguerre 40x40 {pour sol) - N1095
2 |Vis M8 + écrou de rainure
1 |Profilé Norcan 45x90 - NO16& renfort lateral
Bl 2 |Vis ME longue + écrou de rainure
N3310
Plague de liaison remplagable
par un socle de capteur Fast
R
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CEA Saclay |™ o |““' " §6-0051-DM-0002- 003 - P
DRF/IRFU/DEDIP [Wem 2 b piee K Feuille
'CEA - Saclay ! GiLEID Rails et supports  Rail pour un module DTL seul 4/5
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5
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Figure 1: Mechanical support for the nBLMs proposed by CEA for the DTL region
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Figure 2: Mechanical support for the nBLMs proposed by CEA for the DTL region

e For the Spokes, MB, HB, HEBT and A2T.

In the spoke region a nBLM fast module will be placed per quad pair and a slow one per
cryomodule. In the other regions a pair of a slow and fast will be placed together. The exact
places are in the MB LWUS5, in the HB LWU11, one around the first bending magnet and two
more in the 2 last quad pairs.

In all cases they are separated a long distance. Therefore, an individual support has been
designed. ESS-BI has identified positions were this can be attached to some places in the
tunnel. See figure Figure 3. And based on that our proposition is shown in Figure 4 and in

Figure 5 for an inclination of 45°.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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Figure 3: ESS proposition for the installation of the nBLM modules in the Spokes region and at higher

energies.
4 | 5 | (-]
LISTE DE PIECES

ARTICLE | QTE NUMERC DE PIECE DESCRIPTION
i 3 N1108 dquermre 90x30
2 1 |N0117 courk Deéport 30x30x270 A
3 1 ND117 lang Déport 30x30x300
4 20 [N3310 + N3525 écrou de rainure + Vis CHc MBx20 téte basse inox
5 Embout de fermeture S0x90x3.5

N1707

Montage sur MBL.

Mote: Toutes les références Nxxxx de ce dossier correspondent 3 des produits standards Morcan

Mutst-e: Cuartte: | Echale: Trafement e prebecien: M
| 1:2 4,885 kg
e de création: b

Corigu par whihé Tobiraroes gérdraes: 3
‘ Desforge | Belremeli | 150 2768 fH Irg 3.2 | =8 | 14102018 [encoumsa|”
CEA Saclay nELM |“'“‘“' 66-Q051-DM-0002- go1 - P

DRF{IRFU/DEDIP [nere 26 b e Feulle
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LD q

5 T e
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Figure 4 : Mechanical support for the nBLMs proposed by CEA for the Spokes and higher energies

region.
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Figure 5: Possible design to place the detector with an orientation of 45° with respect to the beam.

e For the MEBT Section.
A pair of a slow and fast will be placed together in two positions: before the chopper and
after the dump. In this case we can’t attach them to the MEBT so an individual support is
foreseen to be placed or screwed to the floor of the tunnel ().

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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1 | 2 3 v 4 I 5 | 5
LISTE DE PIECES
ARTICLE | OTE NUMERC DE PIECE DESCRIPTION
& 1 [Socle mobile
7 2 |IS0 4762 - M8 x 30 Wis cylindrique a six pans creux
A 8 4 |N1271 Roulette crientable freinée
g 4 |IS0 4762 - M12 x 20 Wis cylindrique & six pans creux
0 4 |Ni213 Pied réglable inox
11 4 |IS0 4032 - M16 Ecrous hexagonaux, style 1 - Produit de classes At B
12 1 |MO166 Profilé Norcan 45x50 (2m)
| 13 1 |Ni706 Cache 45x30
90 45
T
B
- 'F
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R 0 I =
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| 525 !
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Figure 6: Mechanical support for the nBLMSs proposed by CEA for the MEBT.

In all cases the detector can be placed with three different orientations that will be fixed

during the commissioning. If a more flexible design for the angle is required, it should be specified
during this CDR.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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4. Gas system design

The gas system design was also presented and approved in July 2018. Special attention was placed
in the design of the gas rack whose procurement had to start soon. The documentation can be found
in [6] and in [7]. The specifications of the system are in [8] where also the final P&IDs can be found.
This document accompanies the CDR for completeness.

For the long pipes that will bring the gas from the main gas rack (where the controls are) to the
detectors, the status is that their integration in the ESS 3D model is almost finished and there are
ready to ask for procurement after the CDR.

Six long IN distribution lines and 6 long OUT distribution lines will bring the gas to a group of
detectors. They are grouped as shown in Table 2. A rough calculation of the time needed to put the
system in operation was made. Several assumptions were done: assume a distance from the bottles
to gas rack of 10 m, assume a distance from the gas rack to the ion source of 50 m, and use always a
diameter for the tubes of 6 mm in although the ones to the detectors will be reduced to 4 mm. As a
general rule of thumb, the volume of gas needs to be renewed 20 times to assure homogeneity.
However, this is reduced to 4 times in case of detector replacement or intervention as the rest of the
system will be kept sealed. Assuming a flow of 8 I/h the times are shown in Table 3. For all the regions
except at very high energy this time is of 5-6 hours.

Gas line Detectors in Number of Pipe end-point

In LINES detectors

Line 1 MEBT-DTL1 12 Beginning of MEBT

Line2 DTL2+ DTL3 8+4=12 Beginning of DTL2

Line 3 DTL3 + DTL4 4+8=12 Middle of DTL3

Line4 DTLS5 + SPK1-4 10+8 =18 Beginning of DTL5

Line 5 SPK5-13 18 Beginning of SPK5

Line6 MB-HB + 2+2+6 =10 All along accelerator
OUT LINES Gas line Detectors in Pipe end-point

Line 1 MEBT-DTL1 End DTL1

Line2 DTL2+ DTL3 Middle of DTL3

Line 3 DTL3 + DTL4 End DTL4

Line4 DTL5 + SPK1-4 End SPK4

Line 5 SPK5-13 End SPK13

Line6 MB-HB + All along accelerator

Table 2 : Number of gas lines arriving to the tunnel from the gas rack and approximate position in the
tunnel. The number of detectors per line is also shown.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.



/,//;\\%N nBLM Project — CDR1.2 CEA-ESS-DIA-RP-0046

\\i/// ESS-I Page 14 sur 28
. Total Length Number Time to change Time to change
Detectors in Detectors IN . . .
intunnel [m] | detectors gas 1 time [h] gas 4 times [h]
MEBT-DTL1 MEBT-DTL1 36.7 12 1.01 4.03
DTL2+ DTL3 DTL2+ DTL3 70 12 1.13 4.51
DTL3 + DTL4 DTL3 + DTL4 81 12 1.17 4.66
DTL5 + SPK1-4 DTL5 + SPK1-4 136 18 1.59 6.35
SPK5-13 SPK5-13 208 18 1.84 7.37
MB-HB + MB-HB +
Bend Magnet Bend Magnet 1210 10 >-08 20.32

Table 3: Estimated times needed to flush the detectors after an intervention (change volume 4 times).

After the approval in July 2018 of the gas rack, the first two chassis were made by
Serv’Instrumentation Company and are at CEA (Figure 7 and Figure 8). They consist on the main
chassis that controls the main input from the bottle and the exhaust line and distribute the gas to the
distribution chassis, and one of the distribution chassis that will controlling 3 IN and 3 OUT of the
distribution lines. There will be three distribution chassis: two in use for the 12 distribution lines and
one ghost to connect either in the future with more detectors or in case of failures in the other two.
For both chassis we are currently completing their instrumentation (cabling, etc) and will be tested
with a long gas tube and 2 nBLM modules connected in the following months.

oo )
Neutrons Beam Loss Monitor:
Main Rack

Figure 7: Gas rack first two chassis received in Saclay. On the left the main one, managing the general
input and output line and on the right one of the three distribution chassis that will control 3 IN and
3 OUT distribution lines. In this front view we can see the manual controllers that in case of a failure
of the electrovalve will allow to continuous the operation and the POWER ON indicator of the racks.
In Figure 8 the inner part of the main rack and the back panel can be seen.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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T

e back panel with the

Figure 8: Inner view (left) of the main gas rack chassis. (Right) View of th
electrical connections and output of the distribution gas lines.

For the actual status of the PLC and controls design we refer the reader to the attached document
nblm_control_system_design_2019_02_01.pdf.

5. FEE and HV cards design;

All the electronics components and elements can be found in [9]. The FEE card design was
presented and approved during CDR1.1 [9]. A first batch of 2 cards was received in July 2018 Figure 9
left. One of them was integrated in the detector tested at LINAC4 . The obtained performance is very
satisfactory as can be seen in the tests report accompanying this document. As each card follows a
test procedure when arriving to CEA, more details will be given during the presentation about their
performance.

After the test at LINAC4, 5 first cards with the final design have been ordered. The only difference
with the one tested at linac4 are the emplacement of the connectors to match the final design of the
mechanics, but not modification of the electronic components was done. We have received 2 of them
(Figure 9 left) and they are being tested along this week and next week (weeks 5 and 6). However, the
company is ready to produce and send the rest 150 cards once we finish with these verification tests.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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Figure 9: (left) FEE pre-series card integrated in one Micromegas detector used at Linac4. (Right) Final FEE

card.

The HV card was also presented during CDR1.1 and tested along the summer. It has been slightly

modified and this modification was presented and approved in the nBLM CDR1.2.1 detector review

[4]. The final HV design is shown in Error! Reference source not found.. The total of 150 cards were

ordered in December 2018. However, the company claims they did not receive the order until January

2019 and for the moment we do not have an answer for when we will receive them.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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LV distribution box
As indicated in [1] each LV cable from the rack will feed a group of up to 6 detectors. The

schema of the LV layout is shown in Figure 10. At the rack level and installed in the rack will be a first
distribution box that will gather the output of the LV card and distributed into 4 LV cables per card
that will go into the tunnel. Once in the tunnel, each cable will go to a distribution box that will
distribute the voltages to up to 6 detectors. The exact design and location of such distribution box is

being finalized.
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Figure 10: schematic of the nBLM detectors LV layout.

For the signal cable, in the tunnel, a cable support (Figure 11) have been designed to hold the
cable weight and protect the PCB of the detector.

Figure 11: Cable support for signal cables arriving to the detector in the tunnel. It will be screwed into
the support shown in Figure 1 and Figure 4.
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6. DAQ and control system design
The control system design and architecture is discussed in detail in the document
nblm_control_system_design_2019_02_01.pdf [10] accompanying this document.

For the FPGA and DAQ tests the reader is referred to documents included in the package nBLM FW
implementation.pdf [11] and Preliminary results of the ESS nBLM DAQ test at Linac4.pdf[12].

7. Procurement and verification tests

In July 2018 the design of the detector chambers, including the Faraday Cage and gas tube
connections [4] was approved to be able to start the procurement of the material. In addition, also
the design of the gas rack and the distribution of the lines were also reviewed and approved, as
discussed in previous points.

From then until now, we have order most of the mechanics, and big part is delivered. The list of
orders, indicating the status of each one, are listed in Table 4. For the ones not yet passed the
company has been identified and the expected delivery date is known in most cases.

The production plan of the detectors, explained in next sections, will allow to send the first 12
detectors to ESS by April 2019 as requested. The ancillary systems, as control system and DAQ, will
not be in their final version by then, as the approval is happening during this CDR.

This document is the property of the CEA. It shall not be copied or diffused without the authorization of the CEA.
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Material Company Status
Polyethylene (moderator) Numeca Delivered
Neutron absorber Mirrotron Delivered
Detector chamber Numeca Delivered
Detector front face Mars 2019
Detector chamber Swagelok, numeca, ]
Delivered
components
. 2 boards delivered
PCB boards Elvia ) )
Rest in 4-6 weeks after passing the order
Along reception of the PCB boards
PCB Bulk MPGD Lab CEA

First one done and under tests

February-March 2019 for first 12

Shielding + Moderator support | CEA Workshop ]
Rest to be decided
Supports for ground March 2019 for first 12 detectors
' CEA Workshop .
decoupling Rest to be decided
2-3 months for MEBT and DTL
Detectors support TBD Waiting final approval from ESS for the
rest
Cathodes Sermo Delivered
ESS Detector
Boron convertors Coatings Workshop Delivered

(Linkoping)

Mylar (fast convertor)

Good Fellows

Ordered (expected in February 2019)

Gas rack

SerV'Instrumentation

Delivered main chassis and one of the
distribution one (3 lines)
Rest 10-12 weeks after passing the order

Gas valves, pressuremeter, etc

Serv’Instrumentation

10-12 weeks after passing the order

Gas short tubes

RS

1 week days after passing order

Gas fast connectors Swagelok 4 weeks after passing order

PLC, I/0, (gas system) Delivered
One under tests at CEA

HV A-7030 cards (3+1) CAEN ]
Rest 3 months after passing the order
One under tests at CEA

LV A2519 cards (3) CAEN .
Rest 3 months after passing the order
One under tests at CEA

SY- 45278 (2) CAEN

Rest 3 months after passing the order
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R-648 (Cable from pin to SHV | \cn, One at CEA
HV)(aka HV patch panel) Rest 3 months after passing the order
One at CEA
LV cable CAEN Rest 1 months after passing the order
1 under tests at CEA
ADC3111 I0x0S Rest to be ordered after CDR approval
10 weeks after receive the order
Short-cables (stubs/patch 8D 2-3 months after receive the order
panels to detectors) Need to fix required length with ESS-BI
LV distribution box 8D

Table 4: List of all the elements (ordered or to be delivered).

For the cathodes, we should also specify that the 1°B4C deposit has been already done by the ESS
Detector Coatings Workshop in Linkoping. For the cathodes of the fast module, the Mylar layer will
be prepared and glued in our laboratory, process that will take few weeks and will start in February
2019.

7.1. Production flow and planning
The production chain will start with the bulk! of the PCB boards. Each PCB board includes 3x3
detectors. Each board is bulk in a single process producing 9 Micromegas. The flow process is as

shown in Table 5.

Process Time Where
1 | Bulk of 9 detectors 1 week MPGD Lab
2 | Partial Integration of the 9 detectors | ¥2 week | Clean room
3 | Soldering of the connectors % week Integration lab
4 | Finalize Integration of the 9 detectors | 1 week Integration lab
5

Verification tests of the 9 detectors 1 week Verification lab
TOTAL for 9 detectors | 4 weeks
Table 5: List of process to make 9 nBLM modules

For the first two 3x3 PCB boards we will not overlap the process every week, but leave a margin of
one extra week as we expect some learning process and adjustments to the procedures. In any case
we have also previewed training weeks that overlap with the CDR preparation and presentation,
weeks we expected not to have the time to start with the real production.

! Process to make the bulk Micromegas detector once we have received the PCB board
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Once the two first PCB boards have been integrated in the mechanics, and they have been tested,
we will continue with the rest. In this case, we expect that while one process is being doing, the rest
can also continue for the previous set of detectors. Therefore for the 84 detectors we expect in total
16 weeks of work, which will bring us to end of Mai 2019, as can be seen in Figure 12.

2019
February March April Mai June
week 6 [week 7 [week 8 [week 9|week 10[week 11]week 12[week 13|week 14]week 15]week 16]week 17[week 18|week 19]week 20[week 21 week 22|week 2Jweek 24]
4to8 11tol5 18to22 25tol [4to8 11 to5 18 to22 25to29 |1to5 8to12 15tol19 22to26 29to3 |6tol0  13tol7 20to24 27to31 |3to7  10tol4
Bulk Det 1- Det 10- Det 19- Det 46-| De SEAZH Det 73- | Det 82- %
9 18 27 6 81 90
Soldering Det 1-9 De;éo— 03719 B Dc PR De;173— De;gz—
Saclay |Integrati CDR & Det1s Det 10- Det 19- Det 467 De SEEZH Det 73- | Det 82- [
Operations |27 TRAINNING 18 27 6 81 90 2
Gas leak Det 1-9 Det 10 Det 19- Det 46- De BISCERY Det 73- (Det 82- fewne
-18 27 81 90
Det 10 Det 19- Det 46- De DIEALEN Det 73- | Det 82- e
252Cf Det 1-9 s 5 1 50

Figure 12: Planning for the production of the 84 nBLM detectors.

The flow of work is shown in the diagram in Figure 13. For each procedure an official document will

be included in the delivery as explained in more detail in Section 8.3 including the QA/QC tests and
the characteristics of the process.
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Bulk - , : " Connector .
o Validation A Control —
realization soldering

HA, MK PhL, MC 1T me

IAldeposit . Validatior
realization bl il
MK
Receipt
validation

lest bench

Receipt

Lidat
valcatuon

PhL
Receipt
validation
Test bench
Receipt A C.bnns/ |
validation test
’ QB, TJ

Figure 13: Process flow for the nBLM modules production. The initials indicate the person of the team
in charge?. For each process, different validation tests are planned and a QA/QC foil will be filled.

7.2. Production laboratories

For the production of the 84 detectors, three laboratories have been prepared at CEA/Saclay. In
one the integration of the mechanics will be done. Part of it will be done in a clean room I1SO7 for the
installation of the drift and the Micromegas in the chamber to minimize any dust contamination
entering in the Micromegas. The soldering of the connectors will be done once the Micromegas is
installed in the chamber has been closed. After the soldering, the FEE and Faraday Cage is placed and
the 9 modules are moved to the verification laboratory.

In the verification laboratory (Figure 17) several modules (5-6) will be place in gas at same time. In the
Verification document there are more details about the tests of the modules. Essentially, we will test
the gas tightness and the gain of the detector with a neutron source.

2 SA (Stephan Aune), MK (Mariam Kebiri), HA (Helder Alves), PhL (Philippe Legou), MC (Michel Combet), DD
(Daniel Desforge), LS (Laura Segui), QB (Quentin Bertrand), TJ (Tom Joannem)
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The storageof the material before mounting is done in a mezzanine space with different cupboards,

as shown in Figure 14. Once the detectors have passed all QA/QC tests they will be stored in the
delivery boxes.

Figure 14: Storage of the mechanics for production of the 84 detectors (from left to right: polyethylene,
mirrobor)

'S
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e

Figure 15 : Mechanics of nBLM detector chambers (for 84 modules) at CEA
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Figure 16 : Integration laboratory

Figure 17: Detectors Verification laboratory

7.3. Detector identification and tracking

Each detector will be identified with a single number. This number will be registered in a database
with access to the rest of the information as ID of the FEE card, results of tests and links to each of
the QA/QC document. In detail, we will have the following documentation:

e Each Micromegas detector: ID number + QA/QC sheet (example in Appendix A).

e Each FEE: ID number + QA/QC sheet

e Each detector: General ID number + Properties sheet from the integration (convertor
thickness, drift gap, etc)

e Each detector: Verification and test results data sheet

e General database with all the previous information (probably in links)

These documentation is being finalized and will be adjusted if needed during the training session will

be held before the first detector production started. An example is shown in the appendix A for the
bulk process.
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8. Report on beam test measurements

Different tests have been performed at different irradiation facilities as listed in Table 6. All the

results are shown in detail in the accompanying document nBLM_CDRfinal_ReportTests.pdf [13].

Installation Date Goal of test Results
MC40 . . . .
e Nov-17 First test in an accelerator Linear response with beam current
(Birmingham)
First test in a beam pulsed accelerator .
. ) Time Response
IPHI First test of FEE in accelerator . e
Jan-18 . i . Neutron identification (FEE test)
(Saclay) First test of fast module with big .
Algorithm development
neutron flux
Calibration of detectors .
L Response curves as a function of
AMANDE Moderator optimization .
March-18 . . moderator thickness and neutron
(Cadarache) Fast module tested at high energies
. e energy
First gamma/neutron discrimination
Response to thermal neutrons
ORPHEE Response to thermal neutron . .
March-18 . . Signal characteristics
(Saclay) B4C thickness studies . .
B4C thickness studies
LINAC4 Oct/ Test in real accelerator conditions Response to beam losses
(CERN) Dec-18 Test the FEE, the DAQ and the detectors | Response to gammas from RF
Detailed study neutrons vs gamma Gain curves for neutrons and
Saclay Jan-19 ]
Test of one final nBLM module gammas

Table 6: List of irradiation facilities and tests performed in each one with the nBLM prototypes and the
nBLM pre-series to study their responses.
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9. Risk and hazard analysis

Each component of the nBLM system have been chosen following ESS safety regulations and in
discussions with the safety team and the radiation hardness team. In any case, a possible list of risks
and hazards regarding safety are listed in the following. A risk analysis of the failure in the system
itself was presented in CDR11 [14].

The types of hazards and their risks are listed in the following:

Hazard Risk Likelihood Control measures
=  Current limited to 500 — 1000 us
= SHV cables
= No floating grounds
) Electrical shock from Very &8
Electrical HY unlikely = Cable length no problem for loss

capacitance

= Use supply suitably and check for
damage before use.

= Max. possible flow 50 I/h.

= Use of appropriate gas tubes and

connectors with a leak rate of 10°-

Ver
) 'y 10® mbar I/s
Gas Anoxia unlikely ) .
= Gas bottles outside buildings
= Monitor ratio between flow in and
out of system continuously to
identify leaks
Possible dose received ) ]
Very = Tests to be done with guidance

. ) by user when ] ] ]
Radiological ] ) unlikely from the ESS Radioprotection
calibrating the
i department
detectors in the tunnel

) ] = Handle equipment with
Heavy pieces during ]
) ) ) ) appropriate care
Injury installation / Unlikely ) )
) i =  Wear safety equipment according
manipulation

to ESS regulations

Table 7: Hazard and risk analysis of the nBLM system.
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APENDIX A
Include examples of the documentation
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Example of the Bulk manufacturer sheet
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