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Abstract

The determination of neutron induced cross sections desnamiecise knowl-
edge of the neutron beam profile. Different experiments laaapted different de-
tectors.

At the n_TOF facility [1] the neutron beam profile is deterednwith a Mi-
croMegas detector equipped with a neutron to charged fertonverter, allowing
to exploit ionization for detection purposes.

This report summarizes the results obtained in 4 years atipa of the “XY-
micromegas” detector, as well as in the test of the “PXMGroritegas” detector at
the n_TOF facility at CERN.

A brief introduction about micromegas detectors and théedifices between
bulk and microbulk technology is first reported, followed diynulations allowing
to draw considerations to establish the best image reaatistn method. The de-
scription of the two detectors and the data analysis sudoegttonological order.
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1 Introduction

The rate of reactions induced by a beam of particles in a target is prapartio the
current of the incident particles. Neutron induced cross section mezasuts therefore
require the precise knowledge of the incident neutron beam, both in terflux @nd of
spatial dimensions. The combination of these two quantities for a precisgyesfethe
incident particles gives the beam profile, defined as the spatial intenghg dleam at a
particular plane transverse to the beam propagation path, determinedlabfes energy
of the incident particles.

The study of the neutron beam profile requires the use of a neutrortagbesition
sensitive. Since neutrons are uncharged, they do not feel to ther@lodéwce and can
travel through many centimeters of material without experiencing any tyipgesfiction,
resulting invisible to common size detectors. When neutrons undergo arciidarat is
with a nucleus of the absorbing material. In such interaction, either the nalisappears
giving life to heavy charged particles, or it changes its direction and st nucleus
it collides with. Most neutron detectors are equipped with a neutron to etigrarticles
(n/cp) converter, allowing to kill the neutrons and directly detect the eubparticles.

Different experiments have chosen different methods to measure tlrmdaeam
profile. For instance at the Van de Graaff facility in IRMM [2] (monochradimaeutron
beams) activation of aluminum foil is exploited [3], while at The Svedbergolatory
(TSL) neutron beam facility in Uppsala, protons emitted from g @iget as a conse-
guence of the elastic scattering of high energy monochromatic neutrodstarted with
a setup called SCAttering Nucleon Detection AssembLy (SCANDAL) andistng in
a couple of drift chambers for trajectory determination and a Csl scintillatangasur-
ing the proton energy at the chosen angle (the incident neutron energgsscutively
derived) [4].

At the n_ELBE time of flight facility the neutron beam profile is scanned byddieig
fast neutron (200 ke\X E,, < 7 MeV) with movable plastic scintillators|[3].

2 Micromegas detectors

Micromegas (MICRO-MEsh-GAseous Structur€) [5] detectors arelgsesctors combin-
ing the principles of ionization and proportional chambers. This coupling derpassi-
ble by the presence of a micromesh separating the active volume in two regiosie

two different electric fields establish respectively a charge drift antltbage multiplica-
tion regime. These detectors can be schematically represented adih Fig. 1.

In the first micromegas detectors the mesh was a real metallic grid and the 3 main
components (anode, mesh and drift) were all stand alone pieces, asd¢ogeather by
using screws. One of the advantages of this building procedure reli¢eciact that
the separation of the 3 parts and their subsequent remounting was poSsititee other
hand, this mechanical configuration was not exempt from small shifts ohésh with
respect to the anode. For this reason a new building procedure, aimiaduating the
number of stand alone components in micromegas detectors, was devetsuiihg in
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Figure 1. Schematic representation of a micromegas detectgrakwd V, are the mesh and
drift voltages.

the bulk and microbulk technology.

A bulk [6] is anode and the mesh in a unique piece. Their separation restiits in
irremediable destruction of the detector. In bulks, the mesh is a metallic gridpbirt a
single foil: itis composed by intersecting “owened” wires of a usual dianmeterl8 um,
therefore it is 36:m “thick” (see Fig[2).

The typical manufacturing process of a bulk is schematically drawn i Fily ni3etal
(Cu) slab is used as a support and two layers of Vacrel (a photosensiéiterial), each
64 um thick, are superimposed and laminated in order to achieve a thicknes8 pfrl2
for what will become the multiplication region. At this point the mesh is stretchéukat
top of the second Vacrel layer, and a third Vacrel layer is added abeveesh (upper
panel of Fig[B). Everything is laminated together, to get one single objeichwafter
interposition of a mask presenting circular holes, is irradiated by UV light. Vietazel
touched by the light passing through the holes becomes resistive to chattacél while
the Vacrel shadowed by the mask remains unchanged and is subsegeayed by an
etching procedure. The final result, the bulk, is therefore a metallic stalsiing Vacrel
pillars 128um high which support the mesh (lower panel of [Eig. 3) and a further lafyer
pillars.

In order to obtain a solid structure with a thinner mesh and with lower quantity of ma
terial (which is translated in absence of perturbation of the incident beélaenyicrobulk
technology([7] was developed. The typical manufacturing process igrdtes in Fig[4.

A layer of a polyamide, for example kapton, %@ thick is sandwiched between two
copper slabs, eachm thick. No lamination is performed. The sandwich is obtained
by vacuum evaporation of Cu on kapton. A mask of a photosensitive nidtetlzen
deposited on the top of the upper copper layer, and everything is irrddiatte UV (left
panel of Fig[#). After removing the mask, different etchings are appliég: first one
gets rid of that portion of the copper layer which was not shielded by th& mamle the
second one penetrates deep inside the kapton and chemically attacks ghegsidlhis a
copper slab supporting a kapton-“gruyére” (right panel of Big. 4).

A microbulk is therefore anode and mesh in one single object, but its coneéagtio
completely different from the bulk one. In microbulks the multiplication regioniistér
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Figure 2. Wire mesh of a bulk. The diameter of the wiresis= 18 um.

than in bulks, no lamination is performed and the mesh is not a metallic grid existing “a
priori”, i.e. before the microbulk, but it is created with the microbulk itself. borer, as

for nOV\EL the microbulk structure is somehow the complement of the bulk ones, meaning
that while the former is empty everywhere except where are pillars, the iatteell
represented by the cartoon image of cheese with holes.

One of the manifold applications of micromegas is beam imaging, meaning the study
of the beam profile and particle flux. Born as an answer to more powebdlerators,
requiring resistance to really high event rates and extremely precise poaittbtime
resolution, these detectors are now used in several experiments [BDFhand CAST
are just two out of numerous examples.

3 MicroMegas detectors at n_TOF

Two micromegas detectors for beam profile characterization have bedoyeahin the
years between 2009 and 2013 for beam profile characterization.ifféredces between
the two detectors rely in a dissimilar anodic structure (strips in one case, pixils
other) and fabrication procedure.

4  First beam profiler: XY-MicroMegas at n_TOF

4.1 Detector description

A micromegas detector with a segmented anode in 2 orthogonal directiofnspyedwith
a neutron/charged particle converter, was developed in the frame ot @ff@irt of CEA
and CERN for the CAST experiment and subsequently modified for the R ddllab-
oration. This “XY-micromegas' 9] is a circular bulk, with an anode to meshadise
equal to 128:m. Each side of the squared readout sumperimposed to the detector, 6 cm

Istudies are being performed in order to reduce the amount of the riegiapton in microbulks
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Figure 3. Bulk manufacturing process. The upper left panel shows tipersmposition of
everything which will be laminated together, while in thght panel is the bulk after the

etching technique has been applied.

Figure 4. Microbulk manufacturing process. The left panel shows #mult of the first
etching, while in the right panel is the microbulk after thetletching has been applied.

long, is divided in 106 strips, allowing a resolution of 0.5 mm as a function ofi¢ugron
energy determined by the time of flight. Fig. 5 shows the layout of pads apd,sts
well as the interstrip distance.

The side of each pad is rotated by°Abith respect to the side of the detector. For
simplicity 7 strips along X and 7 along Y are drawn, but in the reality 106 strips ar
needed to cover each side of the bulk.

The bulk lays on a PC board and is encapsulated in a cylindrical chambenfiliie
gas (88% Ar and 10% GFand 2% isobutane) at atmospheric pressure (seé Fig. 6). A
kapton (12.5:m) foil stretched and glued on a plastic ring plays the role of the window.
A layer of copper (um), facing the gas, is deposited on the kapton foil and connected
to high voltage.'°B4C is deposited on this drift and acts as a neutron/charged particle
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Figure 5. Part of the “XY-micromegas" detector scheme. Pads arei38Qvidth, and they
are separated by 50m gaps, which results in an interpad distance of 460 X strips and
Y strips are about 15pm width. X strips are situated at a different deep inside tygtdn
layer with respect to Y strips, therefore they do not touatheather.

converter. Given the employment @fi and «, created in the reactiolB(n.«)’Li, as
ionizing particles, the drift was positioned at a distance of 4 mm from the mesh.

For reasons linked to the positioning of the electronic connections of thetdete
on the PC board, only 96 strips for each side, out of the available 186 mployed,
resulting in a displacement of the center of the active area of the bulk wigkectto its
geometrical center (Fi§l 7). This shift has to be taken into account wéeamstructing
the beam image.
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4.2 Electronics

Theoretically, given 106 x 2 = 212 strips, 213 channels should be enployesad all
signals, i.e. the mesh and each one of the X and Y strips. Given the fadshast seen,
only 96 strips for each side are used, the number of necessary thamheces to 193,
still a huge number for a time of flight DAQ system. In order to economize the auofb
employed channels, a different solution was envisaged: each of thie@oc®vering one
side of the detector is read in the same moment, and the sampled signals agrigbyea
delayed and sent to the dedicated electronics via one cable only. Intortanslate this
concept into a matter of fact, 6 gassiplex catds [10] are used. The ®& tirom strips
for each side of the detector finish in 96 pins visible in Elg. 7. A PC board ggeld into
these pins and holds the gassiplex cards, as well as the electronic cimxlitggassiplex
card is a chip powered by a 6 V power supply and reading 16 strips. $Eagls sampled
at the same moment, for a certain amount of time and at the same frequendgreaid s
are stored inside the gassiplex chips. A clock is used to deliver to the elestriie
stored signals in a certain order (usually corresponding to the strip nunftigr(8 is a
schematic view of a portion of Figl 9. Black lines represent the input cfigkes cards,
while red lines their output.
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Figure 7. The XYMG bulk and its electronic connection.
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Figure 10. A schematic view of the input and output signals of a Gassipld. Figure
from ref. [11].

As previously said, each chip reads 16 strips. An externally set time wirndawv
certain temporal length (called Track & Hold, or briefly T&H) is opened wdem a
pretrigger signal is given by the proton accelerator[(see Analysis esutBassiplex cards
must therefore receive this information, as well as another parameteCI(ibk) saying
when delivering the acquired signals from each strip to the DAQ (Data Astigun).
When the process ends, the memory of the chips has to be reset (Cléamefore,
each gassiplex card receives as an input both the signals of 16 std@3 ‘avorking
parameters”, i.e. T&H, Clock and Clear. The X and Y “circuits” are sejgaraeaning
that 6 gassiplex cards are used for the X strips, and 6 for the Y stripgedvier 1 T&H, 1
Clock and 1 Clear signals are needed for the X circuit and another T&HkG@liod Clear
for the Y. In the end, 1 single output channel is used for the X stripsaanther for the
Y strips.

At n_TOF, after some tests, it was decided to set a Clocko$,2esulting in a T&H
equal to 2us x 96 strips = 192s. This holds for both circuits (X and Y). Let’s consider
only the X circuit. The given parameters assure that, after &Rim,«)’Li interaction,
signals are contemporary acquired in the 96 strips fog.2The allocated “time memory”
is therefore 192:s, which coincidences with the dead time and, one after the other, the
stored signals are sent to the DAQ.

Fig.[10 shows the input and output signals of a Gassiplex card, andTFidustrates
in detail how the T&H and clock are generated (in “normal”, i.e. not calibratioode).

Several NIM modules are employed. First the mesh signal is sent to the ahput
an ORTEC Model 474 Timing Filter Amplifier (TFA), where shaping takes pladee
TFA output goes to a Lecroy Model 428F Linear Fan-In/Fan-Out, whigblicates the
signal. One output is sent to the DAQ, for recording the mesh signal, whiletliee one
is sent to a LeCroy 621AL Quad Discriminator input to be translated in a logfmubu
Such binary signal is then transferred to a LeCroy Model 622C Quiattidence. This

12 /[14% Internal report
IRFU-14-07



module is in reality a 4 in 1 modules or, more simply said, can be looked at asdlivide
into 4 independent submodules. The first (upper one) receives leodifréady mentioned
binary signal and the T&H status information from thet of a second (lower) submo-
dule ofa 2in 1 SEN Dual Timer TU277.

The out of the mentioned dual timer is nothing else than the reversed T&H gate,
i.e. the pink line of Fig[_Il0. Therefore the first submo-dule of the Quad cite#nce,
in machine language, performs an “&” operation on the 2 received signdl€mits a
consequent logic output or, in human readable language, checksriftivaenesh signal
arrives a T&H is already opened or not. In the former case the output alillat the
information “T&H already opened, therefore ignore the mesh signal”, whitaeriatter
situation the outcome will pass the message “open a new T&H”. Whatever it ieghk
of the check is sent to the second submodule of the Quad Coincidencé, neb@@ves as
a further input a cable coming from a LeCroy Model 222 Dual Gate andyD@&enerator
delivering they-flash time information. An “&” operation is therefore performed by the
second Quad Coincidence submodule, to avoid starting a T&H in case the igeah s
was generated by neutrons of energies higher than 1 MeV (cormisgao a tof of about
42740 ns). In the following step, the logic output generated by the sexudimdodule of
the Quad Coincidence is sent to the first (upper) submodule of the almeamtjoned Dual
Timer and, from here, to 2 other submodules for triggering or inhibiting asdinee time
the start of the clock and the opening of a new T&H. As for the clock, & segeal from
the first submodule of the upper Dual Timer is sent to the upper submodald af 1
LeCroy Model 429 Logic Fan-In/Fan-Out. Such signal delivers thermftion “start the
clock” or “take no action”. The same logic signal delivered to the LogicFdRan-Out,
passes from the first submodule of the Dual Timer (end marker exit) to tundene
“accumulating” a delay of about 800 ns and is then sent to the fourth (Jauémodule
of a the Logic Fan-In/Fan-Out. The 2 outputs of such submodule areectgthto the X
and Y gassiplex cards, for transferring them the final decision alpmirting or not a new
T&H.

A second out from the lower Dual Timer submodule goes meanwhile to on¢ inpu
of the third Quad Coincidence submodule, used for inhibiting the clock orecé &t
is closed. The concept is always the same: a logic “&” operation is perfibrone2
incoming signals, the former of which mentioned here above, and the latter gdmoin
theout of the lower submodule of a second Dual Timer. Therefore the third subl@od
of the Quad Coincidence checks if the clock occurs during the T&H. lftls®,clock
is accepted, otherwise it is refused. The logic output obtained as a ieseltt to the
first submodule of the Logic Fan-In/Fan-Out. This electronic componenksvin OR
mode and sends an OK signal to the first submodule of a second Dual Tatetime it
receives a signal either from the reset of the first Dual Timer or frarotit of the Quad
coincidence. The second Dual Timer regulates the clock repetition and fimimation
is sent to the second submodule of the Logic Fan-In/Fan-Out, which detivat to the
X and Y gassiplex cards.

The signals exiting from the gassiplex cards and, as just seen, theoomé¢hfe mesh
go to the DAQ, consisting of flash ADCs working at a sampling rate of 100 MH®
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Figure 11. NIM modules employed for creating the T&H, clock and cle@nsils necessary
to operate the gassiplex cards.

obtained digital data are subsequently sent to CASTOR (Cern AdvarniceR&e ma-
nager [12]), where they remain available for off-line analysis.

4.3 Analysis routines

This section reports on the main steps performed by the analysis routim¢seleode
and a more detailed documentation, see [1]

14 /1145
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4.3.1 Preliminary

At the n_TOF facility neutrons are created by spallation reactions induced?d GeV
pulsed proton beam impinging on a lead target. Each time a proton bunch isrdd|iv
a pretrigger alerts the DAQ and an acquisition window capable of reading&ables
of data is opened for each channel. Given a sampling rate of 100 MH¥ fasehe
XYMG detector, each of its three signals (one mesh electrode, and two IPREX%
signals with the X and Y strips amplitude information), is sampled every 10 ndtirgs
in a time window of2?* ns or approximately 83 ms for each bunch. From the acquired
223 datapoints by the flash-ADCs, only the waveforms of the signals exceadingset
threshold due to an event in the detector are stored for further piogedsis is called
zero suppression. In following a recorded signal is called “signal”’roovie”, in the
case of GASSIPLEX signals are also called “track&hold” or “T&H". In figld2 this
is schematically shown for one single movie, corresponding ¥®Bén.«)’Li reaction
caused by one neutron of a certain energy inside the converter.

% 2002— "‘"T"“
1503—
100:— h ! ik 1
- | b %Mﬂ“ _‘H K Pﬁ m
o | MY J W Wwf HM i
0:' s me s ngs[:]os? 10"

Figure 12. Movie of a normal run put in histogram. Signals in the meshimtdack, those
in the X strips are drawn in red and the green line is used gprads in the Y strips.

The “raw data”, which are the zero-suppressed signals sampled byasieADCs,
stored on CERN'’s storage manager CASTOR together with the voltage, tindnotlaer
information, are the basis for further analysis which is done in two sepstegts:

1. Raw data processing: extraction of the event information like time, amplitudes
[y-flash, from the raw data including coincidence information. The eveaotrind-
tion is also called DST (data summary tape) data.

2. Reconstruction of the beam image from the event information (eveo¢gsimg).
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Both steps are described hereafter.

4.3.2 Raw data processing

The analysis routines for the XYMG detector start from the raw data. A naitiree
reads raw data from the three electrodes, i.e. from the mesh (if prethenX) strip anode
and the Y strip anode. For each selected run, the raw data stored orGFASTetrieved,
and processed for each selected channel, bunch by bunch, movievley e have used
a simplified version of the raw data reading routings! [13].

The sensible pieces of information recovered are the time, the amplitude dgtia¢ s
in correspondence of this time and the “source” of the signal, i.e. mesh,YXstrips.
The first two quantities are put in a histogram. The histogram is filled for tbenfiovie
of the first electrode, passed to a subroutine analyzing that, and théedd&lde recre-
ated and filled again with the information coming from the successive movie shthe
electrode and event. Once the first event of the first electrode haddtedy retrieved,
the following electrode(s) are treated. After all movies of the first evamélbeen pro-
cessed, the results of the analysis performed by the subroutine, ssoBad-astructures,
are passed to a different subroutine to be further treated and storefiTirea keeping
memory of the event number for future use. At this point the command is¢ghassé to
the main analysis routine. The first movie of the second event is read, pigtagram
and processed and everything is repeated. The process finisheswwimgore data are
available and the result of the analysis of a run is a root file containing @eT Tr

4.3.3 Raw data processing: Mesh signals

In normal runs, each time a neutron interacts with'fBzconverter, a charged particle is
emitted and ionizes the gas. Therefore the potential difference betweertetiieand the
ground varies and a signal in the mesh appeatrs.

In order to determine its amplitude, time, width and area, the baseline is calculated

using an implementation of Algorithm D for decreasing clipping window of 1] [and

then subtracted. A C++ structure is therefore filled with such quantities. ridcpiar

role is covered by the first mesh signal of each event of a normal mon after a PS
pulse starts, protons induce spallation reactions (see more about th& fadil@y [1]).
Though a sweeping magnet and several shieldings are positioned atomgpitnon beam

line, and though the neutron beam line intercepts an angleoivith the proton beam

line, a strong signal is detected in the mesh. Such signal is produced ypelagnetic
radiation and relativistic particles generated in the spallation reaction anavenkas
v-flash . They-flash serves as a time-reference for the neutron energy calibration.

An example of a typical mesh signal is shown in figuré 13 together with theotstra
time and amplitude information.
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Figure 13. An example of a typical mesh signal.
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Figure 14. Original signal in 96 X strips.

4.3.4 Raw data processing: GASSIPLEX signals

The Xand Y strips raw data are not usual detector signals but GASIBuput signals.
Each of the signal amplitudes of the 96 strips are electronically stretchedubjss and
with an increasing time delay of also approximatelys2 This results in an analog signal
(T&H) of roughly 96 x 2 = 192 us, representing the strip amplitudes one after the other
as shown in figure-14. This time corresponds also to the deadtime of the BRSS!
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The GASSIPLEX T&H is usually triggered by a mesh signal as in the electretips
shown in figuré_I11.This is the case during normal runs with the neutron bearith a
radioactive source. In order to determine the baseline of the detectactirsg#p (noise
level), “pedestal”’ runs are taken in absence of a source and beanmis bottiiguration,
no mesh signals are produced and the GASSIPLEX is triggered electipmiith a fixed
frequency of usually 5 kHz.

Fig.[18 shows two movies for a normal run. The picture illustrates also ttibtdea
for the GASSIPLEX signals. If a mesh signal occurs during a T&H, it dasdrigger a
new T&H.

When processing GASSIPLEX movies, the time windawof the signal is deter-
mined. Usually the T&H signal is 192s long. These signals were still corresponding
to 96 strips. In the analysis we accepted signals With < At < 200 us. Then the
signal is rebinned in 96 intervals and the amplitude of each of the 96 stripteisrdeed.
This is necessary because signals were sampled at a frequency dHIOI his means
that for each strip around 200 ( (192/96 x 100 MHz) amplitude values are stored. The
resolution of Fig[Ib is not good enough to allow to distinguish different $eargompli-
tude values inside the same strip, but by zooming on it,[Fig. 16 is obtained, wéljzh h
visualizing the concept. Each “step” is a strip, but these steps are figtftaa Signals
oscillate around a mean value. In order to obtain an univoque correspontietween a
strip and its “average” amplitude value, a rebinning was performed.

Fig.[17 shows the result of the performed rebinning. A structure for igssis there-
fore filled with the time start and time end of all X signals as well as with 96 strip am-
plitudes for each X signal. Y strip movies are processed in the same waydaabding
has to be applied. This is necessary because of an inversion in the shiy@nng due to
the employed electronic connections. In the end a C++ structure for Y &ffiied.

When all signals of all electrodes have been analyzed for the samerewaber, the
structures containing the events are processed.

4.3.5 Coincidence determination

For normal runs the coincidence between the mesh and both strip time sigvale e

determined The coincidence condition employed was chosen on the basgddfenent

delays set in the 2009, 2010, 2011 and 2012 runs and states that theigmeditan start
up to 1500 ns before the mesh strip signals or up to 5000 ns after that. D ifo

coincidence are saved as branches of a TTree with a same entry number.

For pedestal runs only the coincidence between time signals of the X ang¥'istr
determined. Again, the coincidence condition employed was chosen ondiseolb¢he
different delays set in the 2009, 2010, 2011 and 2012 runs and thatethe absolute
difference in time between the start of a signal in the X strips and in the Y staigpsch
be smaller than 1000 ns. As before, data found in coincidence are aswdnches of a
TTree under the same entry number.

The final event data are stored in a separate file for each run foefysthcessing.
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Figure 15. Part of raw data for a normal run put in histogram. Signal$amesh are in
black, those in the X strips are drawn in red and the greenidinised for signals in the Y
strips.

4.3.6 Event processing

In a second step a different code processes the previously staetfies in order to
obtain the beam image. It reads the TTree created in beam presencéh@ldtsations
of signals for X and Y strips and separately fits them with 2 Gaussians. f@iltstored
signals, only those whose length is within the average length of X and Y strplsid
such length divided by 192 will be considered. This allows to get rid of tmotsaand too
long signals, to avoid a mismatch between strip numbers. As a matter of fact, e isig
much longer than another, what is strijin one signal, results to be strip+ 1 in another
one and a strip mixing is risked during the final analysis.

At this point, the TTree generated in the previous analysis in beam absereazd
and an average amplitude value corresponding to the baseline is determineach
strip. This task is performed by filling, for each strip, a histogram of the ang@italues
registered and by extracting the channel number corresponding toakepsition.

Now, for each T&H of the normal run, the real amplitude of each strip is tzted
by subtracting to the stored value both its pedestal amplitude and the averpbjeide
of the pedestal for the 96 strips of that particular T&H. This last compoaeobunts
for possible level shifts due to variations of the gains with time. A new Ttreadomal
runs, containing the same information as before, but with net amplitude akieglues
cleaned from pedestal and offset) for each strip is created.

As a further step, a cluster analysis is performed on each entry for 6 strig for
Y strips. This consists in determining, for each T&H, the number of strips toesich
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Figure 16. Part of raw data for a normal run put in histogram. Few stripscansidered and
a sampling rate higher than the strip number is vi-sible.

other presenting a value above a certain threshold and the sum of the ap¥phioave
such threshold (this sum is proportional to the energy deposited in therglustie for-

mer number, known as multiplicity, is not strangely high, and the latter is not tqdhew
“fired” strip is determined thanks to a center of charge analysis. If moredha accept-
able (in terms of multiplicity and energy deposited) cluster is found in the same T&H,
the T&H is rejected. A position in space is associated to each fired strip bydeoing

the active length of one side of the XYMG detector (i.e. 96 x a66= 5.434 cm) and

by calculating for a precise j: (-5.434/2 + j*strip_length/2) cm, with j = strip nemii.

This means that, in a first moment, the mismatch between the active and the gedmetrica
area is not corrected for. A new TTree keeping memory of the run nymbemt number,
T&H number, trigger time,...is created and updated with the cluster information.

For a same run, event, T&H and time, the couple of X and Y fired strips has to be
determined and their previously calculated position inside the detector haguombed
into spatial coordinates relative to the active area and orientation of thdrbthle ex-
perimental area (EAR). The strips intercept in fact an afigie225 with the horizontal
and vertical directions of the EAR (see Higl 18), therefore the relatibmndes the old
and new (prime) coordinates is:

X/ cosf® —sinf| [X 1
{Y’} - [sinG cos 6 } ' [Y] + [Haigr 0] - [O} (1)
where the mismatch between the active and geometrical area of the detectozema

corrected for by introducing an horizontal shiftsf}; term).

They-flash is used as reference to find the energy of the neutron inducigga i
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Figure 17. Rebinned and original signal in 96 X strips.

the mesh so that the beam image can be reconstructed for all or for soctedekeutron
energies. By projecting the beam images along the Cartesian referés¢X’aand Y’),
a study of the beam profile as a function of the incident neutron energyecperformed.
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Figure 18. Schematic layout of the orientation of the detector withpees to the experimen-

tal area (EAR). For simplicity only few strips, and not 106raj each side, are drawn. Light
blue pads represent the active area, while grey pads lagianrtbsed region of the detector.
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4.4 Simulations

An extensive study of the characteristics of the n_TOF neutron fluxrgeateby spalla-
tion reactions of proton pulses on the lead target has been performé&iRat By means
of coupled FLUKA and MCNP Monte Carlo simulations [15]. The implementedgeo
etry is extremely detailed and accounts for all the components of the facilityding
walls, and flooring and different shieldings, from the spallation targ¢t tipe moderator
system. The results of such simulations at the entrance of the vacuum &ubsear as
the input information of a neutron transport routine performing the neytropagation
through the beam line up to a plane situated 183.15 m downstream with réspket
spallation target. By collecting the hitting point of the neutrons on the plane et b
image, profile and interception factor are extracted.

Few additional Monte Carlo simulations have been performed in CEA to attmun
the presence of the beam profiler in the neutron beam in particular expégirtae/outs.
In some cases the results of the simulations performed in CERN in terms of ttiemeu
beam profile at 183.15 m downstream with respect to the spallation tadyat arms of
the neutron flux before the aluminum window closing the neutron tube hareused as
the new input primary source. More details follow in this report.

4.4.1 Validating the center of charge method: stopping power

A minimal geometry, consisting in a cylinder of 5 cm radius and 4 mm thickness filled
with Ar (88%), CR (10%) and GHy (2%) was implemented.

The Q value of the n 4°B — “He +7Li reaction is 2.31 MeV if’Li is left is in its
ground state. When thermal neutrons interact with the converter, the twgezhproducts
are emitted in opposite directions, with kinetic energies=T1.47 MeV and ¥;; = 0.84
MeV. Their range in the gas was calculated with SRIM and compared with tdtge
from the simulations.

Fig.[19 shows the energy deposited by 1.47 MeV alpha particles accacd8igIM,
FLUKA, MCNPX and GEANT4. The difference in the ranges dependshanuse of
different algorithms, but also on the setting concerning the energy ticeslow which
alpha patrticle transport is not performed anymore. In FLUKA such kioldswas set
to the thermal point, in MCNPX to 1 keV and in GEANT4 the default settings of the
Livermore model were used. By varying the value of this threshold, thgeraf the*He
nuclei in the gas can be slightly tuned. The differences in the amount agfyedeposited
per unit length in the low energy loss region instead depends only on thetlage
implemented in the Monte Carlo codes and can not be modified. Since SRINsras
based on a huge amount of experimental data, the output given by thisitmppogram
is considered as a reference.

Fig. [20 shows the energy deposited by 0.84 M&Y nuclei according to SRIM,
FLUKA, MCNPX and GEANT4. The same considerations as before apply.

The results of the Monte Carlo Simulations highlight the trend of the energysited
by as when progressing in the gas mixture employed in the experiment. As expiected
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Figure 19. Energy deposition of 1.47 MeV alpha particles in Ar (88%)Hg, (2%), CR
(10%).

higher incident kinetic energies the maximum of the stopping power is reaftexdhe
particle travelled some distance in the gas, while for lower incident kinetigersethe
stopping power is already at its maximum at the beginning of the track. Wk tleatizthe
anode of the micromegas detector used for the beam profile characterizaémmented
in X and Y, therefore in normal conditions the signal in each strip is propatito the
corresponding -dE/dx at the strip position. We moreover remind that @ligjthe beam
profile characterization, meaning in practice that for each incident meutrdergoing a
n +19B — 4He +7Li reaction, we are interested in the determination of the interaction
point. In the light of the above considerations, Fig[19-20 suggest tigandt possible
concluding that the coordinate of the strip showing the highest signal anglisuithe
position where the neutron stroke the converter, because this is truecomgtimes. It is
instead more correct to perform the center of charge analysis. Sockdure, as a matter
of fact, always results in a mistake in the determination of the interaction poiainksh
to the fact that statistically half of the times the value of the interception pointlesdcl
this way is underestimated and half of the times overestimated, the differesivesein
the correct and determined coordinates cancel out and complexigelg, dignificative
amount of neutron, the reconstructed beam profile coincides with themeal

4.4.2 Energy deposition

As will be shown in Eb, during the years 2009 - 2012 the XY - beam prdiider been
operated in different conditions: the voltages applied to the electrodesneerlways
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Figure 20. Energy deposition of 0.84 MeYLi particles in Ar (88%), GH1y (2%), CR,
(10%) according to different MonteCarlo codes.

the same, and two neutrons to charged particle converters have beeryemput of
all the layouts, only few have been selected for a comparison betweeriregptal data
and Monte Carlo results. Each time details are given.

A simulation to check the amount of energy depositedhdg nuclei and Li particles
in the gas have been implemented with GEANT4. The choice of this code wasmed
on the basis of the results obtained in the previous paragraph. The pipaudicies are
neutrons, with energy sampled from the 2009 n_TOF neutron flux. Theomstare shot
straight against the converter (details below), therefore no beamgdivee is considered.
Anyhow the starting position of each neutron in the plane orthogonal to tieatidns
is sampled, as a function of its energy, from the neutron beam profile ebtain the
simulations performed in CERN.

A cylinder of 3 cm radius and 2m thickness composed by, 8 (enriched 100% in
10B) is inserted in a cylinder of 5 cm radius and 4 mm thickness filled with Ar (8€k)
(10%) and GH1g (2%). The internal and external cylinders have one overlapping base
as shown in Fid. 21.

The results of the simulations are reported in Eig. 22, where the diffevattloutions
to the total energy deposition are highlighted.

In optimal conditions, a proportionality between the energy lost by a partadsipg
through the gas and the sum of the amplitudes of the signals in all the anodidatiopy-
ing the passage of such particle is expected. Therefore we give a |tk ¢axperimental
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Figure 21. SimpleGeo view of the simplified geometry implemented fersimulations: the
10B converter and the 4 mm (drift to mesh gap) thick ionizatioaraber. The picture is not
in scale.

data.

Some strips in the Y direction are not properly working. Moreover, the igatihe X
strips is different from the gain in the Y strips. Because of these two nsasden we
plot the sum of the amplitudes of signals generated in the X and Y strips salpdoa
several events, the 2 curves have the same shape but do not superigg®the red and
green curves in Fid. 23). We still remind that the final goal is the determinafidime
point where the incident neutron stroke the converter. Since a poinptana is defined
by two coordinates, we need that for every single event at least aperserach one of
the two orthogonal directions of the detector shows a signal above ne&elfecontrary
case, the signal is discarded. The baseline determination was carriacbeamm absence
(pedestal runs) by fitting the average signal amplitude in every strip ofdteetdr with
a Gaussian. This gave a mean value of the baseline level and its fluctugtidifferent
for every strip. A signal was considered to be real when its amplitude waast 50
above the baseline. Fig.]23 shows the sum of the amplitudes of the redksmgttee X
strips (red), in the Y strips (green), in the Y strips after correction fordifferent gain
and missing strips (light blue) and in all the anodic strips (X+Y) beforek(th&ue) and
after (pink) correction for the different gain and missing strips.

In order to compare the total energy deposited in the gas according tortbenped
simulations and in the reality, it is necessary to add to the GEANT4 results thiaties
of the detector. A resolution of 9%, based on average values in literatasszonsidered.
Fig.[24 shows the good agreement between GEANT4 simulations and exptiitiata,
after calibration of the latter on the former. Since in the simulations all the strgps ar
considered to have the same gain and performance, for the experimasiatéhel sum of
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Figure 22. Energy deposited by different particles inhfiy (2%), CFH (10%) according to
the performed simulations.

the signals detected in the anodic strips (X+Y) after correction have Isseh u

The amplitude of a signal in the mesh of a micromegas detector is proportional to th
energy lost by a particle passing through the gas and therefore, thieudistr of the mesh
amplitudes should reflect the distribution of Higl 22. Eigd. 25 reports the amelatithe
signals recorded by the mesh for a specific run (run 9167) after optirmazzsittbe applied
voltages had been achieved. The smaller mesh amplitudes were discacdadeef a
threshold imposed to distinguish real events from noise. This picture résethk light
blue curve of Figl24, thought the.i peak has smaller width because a threshold was
applied to the experimental data.

During the measurement campaigns covering the years from 2009 to &G
monitor [16] was sometimes interposed in the neutron beam before this coulckjite
the profiler. The flux monitor consists of 2 migromegas detectors of microbpl, ty
enclosed in a gas chamber and equipped each one with a neutron todcpargele
converter £3°U and !B respectively, in order to cover different energies of the neutron
spectrum) . In addition, a subttei foil sandwiched between two carbon layers is always
in the beam([1]7], being the converter of a fixed flux silicon monitor positigasithefore
the neutron beam exits the beam line. These detectors were choserOdt heGause of
their negligible impact on the neutron beam. In order to estimate the level of tigglib
of their presence, an additional GEANT4 simulation was performed. Ewexterial
intercepting the beam was implemented in the geometry. On the other side, the walls,
floor and ceiling of the experimental area are absent[Flg. 26 shows adsmpbetween
the energy deposited in the beam profiler by neutrons travelling only thrinegdetector
itself and the energy deposited in the beam profiler by neutrons travellimgghthe flux
monitors, their windows, and the beam profiler itself. The two curves araalized for
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Figure 23. Sum of the amplitudes in the anodic strips along the X dioecfred), along the

Y direction (green), along the Y direction after applyingaarection for different gains and
and missing strips (light blue), in all the anodic stripsrkdialue) and in all the anodic strips
after applying a correction for different gains and and ingstrips (pink) for run 9167, after
the pedestal and offset subtraction have been performed

the same number of neutrons. As expected the presence of the flux maiitost does
not affect the neutron beam, accounting only for a reduction of 7.6%eafi¢utron flux.

Up to here the printed board circuit (PCB) housing the detector and its alominu
support were discarded. An additional GEANT4 simulation was implementedttthee
role of these elements. The incident neutrons, sampled as usual frorfAGBen2TOF
flux and profile, were shot through the flux monitors, windows, ... andhbg®filer up
to a 2.3 mm glass epoxy PCB (3% Cu + 3% kapton to account for the readatofO
the remaining 94% glass epoxy, 47.2% was Si#dd 52.8% HC,. All percentages are
meant in mass fraction) and a 2.5 mm aluminum support. The total energyiteeas
the gas increased by 16% with respect to what previously observéiiefgame number
of primary neutrons. The shape of the spectrum of the energy deposttezigas did not
change and looked exactly like Fig.26, but rescaled in the ordinate v&8yesoring the
energy deposited by different particles it was remarked that the irenedise deposited
energy was almost totally due to an increase ofathparticles andLi nuclei in the gas.
This was easily explained by the presence of hydrogen in the PCB. Wipeimary
neutron is shot, it can interact with th%B and create charged particles. If this does not
happen, the neutron crosses the gas, where it can undergo a maclghor proceed up
to the printed circuit board to be backward scattered by the hydrogerdas likely by
the other elements composing the PCB). In such case, the neutron is legstieradter
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Figure 24. Proportionality between the energy lost by a particle pagsirough the gas and
the sum of the amplitudes of the signals in all the anodipstiellowing the passage of such
particle.

the scattering reaction than before that. The backscattered neutroovhaadiadditional
opportunity to strike the converter (being neutral in charge, it can maiestghe electric
field direction) and, given its lower energy, a higher possibility to undergo+ B —
“He +7Li reaction. roughly speaking, in half of the cases following such reactiex
particle will enter the gas while tHe.i will be stopped in the converter or by its backing,
and in half of the cases the opposite situation occur. Of course, thedadtelted neutron
can instead undergo a nuclear recoil, but the cross section for saciforeis lower than
the one for the n 4°B — *He +”Li reaction. Moreover the mean free path in the gas is
longer than in the converter. Therefore after the scattering on the P@GBhi neutron
interaction with the converter that dominates the energy deposition, just lfkechibe
scattering, as visible in Fi§g. 2. This explains why the shape of the curtreeafnergy
deposited in the gas is not affected by the presence or absence ofehe PC

On the contrary, the PCB plays a key role on the beam image, as will be egblain
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Figure 25. Mesh amplitude distribution for run 9167.

later.
4.4.3 Multiplicity

When a particle ionizes the gas in the micromegas detector, electron-ionngaireated
and drift in opposite direction under the influence of an applied electric fieldrinciple
each drifting charge contributes to the signal created in the mesh. In relakityng with
time of flight measurements and therefore with the necessity of high time resslution
only fast signals are accepted (low shaping time) and electrons thus pheryiaaht role.
Electrons are created all along the track of the ionizing particle. The efsoyy@nerated

in the gas between the drift and the mesh, drift parallely to the electric fielddsvilae
mesh because the voltage set in the drift is more negative that the one setniesh.

In this region, the electric field is strong enough to suppress recombinattialkw

all generated electrons to reach the mesh, but too weak to permit chargdioatigp.
The relative weakness of the electric field allows the collisions betweenaieand gas
molecules to influence the motion of the electrons while drifting towards the mesy alo
the field lines. A velocity component transversal to the electric field therefmplaces
electrons in a direction parallel to the mesh plane (transversal diffusion).

After reaching the mesh, if voltages are properly set, the electrons pasglththe
holes, drifting towards the anode. In this region the electric field is so stiwaigthe
transversal diffusion plays no role at all. The electrons induce a sigtta strip towards
which they are moving. It thus follows that the number of strips presentingrels
above electronic noise, called ‘multiplicity’, is a function of the direction antheaof
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Figure 26. Comparison between the energy deposited in the gas of thme pediler when
the neutron beam passes only through it and the energy degasithe gas of the beam
profiler when the material in the beam between the beam pradileonsidered (GEANT4
simulations).

the ionizing particle, of the gas composition, pressure and temperaturé grededectric
field.

A GEANT4 simulation to determine the distribution of the number of strips present-
ing a signal due to gas ionization in the micromegas detector has been petforime
aluminum window of the beam line and the flux monitor in front of the beam profile
have been considered, as well as the PCB. Moreover the implementatian tefatimi-
cromegas detectors in the second geometry (flux monitor and beam prigfitietiiled,
accounting for whatever layer of material (kaptéfiJ, ...) in the beam. The source par-
ticles are the neutrons. Their energy is sampled from the neutron fluxadedlnefore the
aluminum window closing the beam line and their starting position on a plane paoalle
the walls of the experimental area is modelled according to the beam imagerediarfu
of the incident neutron energy obtained by the simulations performed in CERN

In order to compare the results of the simulation with the experimental oness it wa
necessary to keep in mind how the former and the latters had been obtaiméat. thAe
experimental results, for each neutron beam the signals in the strips lwared from
the electronic noise and from possible offsets. Theoretically this opersitionld end
with all the strips, but the ones in proximity of the interaction point of a neutrith w
the 1B converter, showing a signal of 0 amplitude. In reality, since the bacigro
level that is subtracted is a fix value (different from strip to strip), whilelthekground
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level itself oscillates, this procedure ends with all the strips, but the onexinfity

of the interaction point of a neutron with th&B converter, showing a signal close to 0
amplitude. This “close to zero” can be quantified with the uncertainty with whieh th
pedestal is known. This is why a threshold has to be imposed in order towlisate this
residual signal from real signals. The sum of the number of stripsislgansignal whose
amplitude is larger than 5 times the uncertainty with which the pedestal level isnknow
(o) gives the multiplicity of a cluster for each event.

Dealing with simulation results, the background noise is absent. In additioNGEA
does not account for electron diffusion, which had to be consideredsacond step,
processing the results of the simulation with a routine. The energy depogitdthlged
particles created after the neutrons strike the converter, as well as ¢hduento the
nuclear recoil caused by high energetic neutrons colliding against smaglacules, was
sampled in different points along the particle tracks. For each point, thesideg energy
was converted in number of electrons, that underwent diffusion. Gasanixture of Ar
(88%), Ch (10%) and GH1o (2%) at atmospheric pressure and room temperature, the
transversal diffusion of electrons moving in an electric field of 375 V/cra ealculated
with Magboltz [18] v.10.0.1 and resulted 193.2#29.837:m/y/cm. The number of
electrons crossing the mesh in correspondence of a certain strip hadnolti@ied for
a constant factor taking into account the avalanche created by eatlorli&cthe region
between the mesh and the anode. The calibration performed in the preai@gaph
allowed to convert the energy collected by each strip (equal to the nurhleégatrons
times the ionization energy of the gas) into channel format. A residual bawhkd of
0 amplitude and uncertainty equal to the experimentéthannel format) with which
the pedestal is known, had to be added in each strip in order to make expizinhzta
comparable with simulations. In the end, a threshold equal to 5 experinzefthannel
format) was applied, and the strips presenting an amplitude larger than thledltrevere
grouped in clusters.

The distribution of the multiplicities obtained with a threshold af In the X strips
is peaked at a value equal to 3 both in experimental and simulation resultisows s
in Fig..[27. For the experimental results, a run with the center of the beam image
position not different from what shown in Fig.]35 and Higl 36 was carsid. Because
of a not reading strip along the Y direction of the detector (sed Flg. 36&xberimental
distribution of the multiplicities obtained with a threshold ofrSn the Y strips peaks
instead at a lower value (value equal to 2).
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Figure 27. Comparison between the experimental distribution of theaimultiplicity in the
X strips and the same quantity obtained by a complete (PABded) GEANT4 simulation.

5 Measurements: XY-MicroMegas

In this report, and mainly in this section, the word “beam profile” often cc@nd is
used with a meaning slightly different from the original one. Normally the bpedfile
is defined as the spatial intensity profile of a beam at a particular plan@draago the
beam propagation path and can be visualized both through a bidimensionat6ur line
like” plot or a bidimensional plot seen in three dimension, with the third dimenssorgb
the neutron density. The former of the above mentioned representatioareisdfierred
exclusively as “beam image”, while with “beam profile” we designate nbt tire latter,
but also its projection along one direction in the space.

The XYMG detector has been used in order to study the profile of the meb&am
at the n_TOF facility. Results from 4 measurement campaigns (2009, 201Q, and
2012) are summarized in this report. For 2009 data the attention is focus#te on
influence of the second collimator on the beam profile and not on the bedibe [iself.
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Some general considerations and few details about the performance efrpployed
detector are intermixed with this main speech, to help a better comprehensioa of th
experimental results. The beam profile is instead carefully studied fordhe, 2011
and 2012 measurement campaigns, in order to extract the beam interdaptarrat the
detector position (not at the sample position) relative to two targets of diffdiameters.
The beam interception factor is vital for normalization purposes and isetkfs the
number of neutrons in the sample area, i.e. number of neutrons hitting thecwezad
by the sample, divided by the number of neutrons in the full area, i.e. byuimbder of
neutrons in the whole beam. Table 1 summarizes the studies put in evidenceéptis

Table 1. Summary of the information contained in the report for 4 nieasient campaigns.

Year Beam Time Deposit thickness Flight path  Study
[protons] [m]

2009 44.81184e+16 24 nm ang:gh 183.75 Influence of the
2" collimator
on the beam profile
tested

2010 93.973285e+16 2m 183.75 Study of the beam
image & profile +
Determination of the
beam interception factor

2011 N.D. 2um 183.75 Study of the beam
image & profile +
Determination of the
beam interception factor

2012 26.0463e+16 Zm 183.75 Study of the beam
image & profile +
Determination of the
beam interception factor

All the beam images present in the report are oriented a$ Big. 18. Teshtal”
and “vertical” EAR positions respectively coincides with X’ and Y’ or, in ettwords,
with the floor and one lateral wall of the experimental area (EAR). TheY(X= (0,0)
couple of coordinates mark the geometrical center of the detector.

The same conventions are used for all pictures showing the beam profile.

The lowest neutron energy delivered by the n_TOF beam is above theithgoint,
therefore wherever a lower value is used, 0.03 eV should be read #id¢es (he habit
of defining a neutron energy bin between 0.01 eV and 0.1 eV in fact ontggmonds to
the necessity of making to understand that analysis was performed lyingalata in 1
bin per decade.
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Figure 28. View of the EAR-1. The configuration shown is “XYMG close tdign moni-
tors”.

5.1 2009

The “XY-micromegas” detector had already been used in the past at Ti@facility.
Nonetheless in 2009 two neutron/charged particle converter thicknessedested (24

nm and 2um) as well as two positions (close to the silicon monitors and close to the
sample exchanger). Here we report only measurements with the 24 nmi%Bidkposit,

to show the reason why in the following years thgr thick one was preferred.

Fig.[28 is a photography of the experimental area. Neutrons come frotafttend
meet first a flux monitor. Being microbulk-type, this detector does not pgEterthe
incident neutron flux (see[§4.4.2), and the XYMG can be positioned bétmithout
problems. The last detector encountered by the neutrons in the phdiggsaihe to-
tal absorber calorimeter. When the XYMG is in the beam, whatever detectgioped
behind it is not used, since bulks strongly perturbate the incident nefltisonThe con-
figuration shown is Fid. 28, characterized by a flight path (distance leettire spallation
target and the detector) L = 18374.0 cm, is known as “XYMG close to silicoritorsi

In order to be able to make some guess about the radial size of the neatonab
the detector position, it is necessary to know a couple of details concethrenigeam
optics. The neutron pipe is divided in different sectors of decreasemmeters and is
equipped with two collimators. The first, in iron and concrete, is 2 m long andlgimp
reduces the beam radial size, while the second one, 2.5 m long, ey@ssha neutron
spectrum, thanks to the polyethylene hydrogen Bidlcontent. Two versions of this
collimator, differing in their radii, exist and are used one for fission andother for
capture measurements. For more details see [1]. [Fig. 29 is a schematic vibes of
collimation system, considered as perfect (no misalignments), in capturgueation.
For a flight path L = 18374.0 cm, which is translated into a distance betweemdhaf e
the second collimator and the detector position equal to 5.89 m, consideratiaig p
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Figure 29. Schematic view of the collimation system (not in scale).

geometrical suggest that most neutrons hit the detector at y = 0, whileut@nehould

be seen outside a radius r = 1.8 cm from the center of the beam line at tltodete
position.

FLUKA simulations of the n_TOF spallation reaction have been performed ilNCER
The generated neutrons have been transported along a flight path &BB.Z5 m by
combining the FLUKA code (for neutron energies higher than 20 MeV)aadMCNPX
code (for neutron energies lower than 20 MeV) and the beam image geasdbtained
as a function of the incident neutron energy. The result, plotted il Fig28ys that no

neutron is found at a radial distance bigger than 1.8 cm from the centiee ahage, as
expected.
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Figure 30. Beam image for a flight path L = 183.75 m. All neutron energiescansidered.

5.1.1 1° - 4" July 2009

The first beam image obtained in 2009 is plotted in Eig. 31. The details of thauneeas
ment are reported in Tab 2. A multiplicity smaller than 8 was required for the legilcn

of the center of charge. The conditions imposed on the experimental datadotehe
beam image change from time to time, since during the years the applied voltages w
changed.

Table 2. Details of the measurement performed in the peritd 4/ July 2009.

Configuration XYMG close to SILI (assumed 183.75 m)
Runs 9072, 9074, 9075, 9076, 9077, 9078
Protons 1.722e+17

Converter thickness 24 nm

Mesh Voltage 330V

Drift Voltage 480V

The first characteristic of the beam image plotted in Eig. 31 catching our attéstio
its extension. The whole detector image is visible, at the extent that it is egsibjgoto
identify the missing angle (right side) outside the bulk ring. The other 3 aagidastead
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Figure 31. Beam imagejMegas detector seen in the reference system of the EAR.).

visible because 10 X and 10 Y strips are not employed. Comparg Fig. 31igifBFand
Fig.[4 for a visual explanation. The experimentally obtained beam imagegreftine in
evidence that the whole bulk, and not only a spot of radius 1.8 cm, is dejexttarged
particles, thought of course only the portion of the bulk covered by thdagt can be
read and translated into an image.

On the other hand, since the neutron beam diameter at the detector posiioadnf
from previous calculations measures only 3.6 cm, we were not expectieg theswhole
part of the detector covered by the readout. Such discrepancy in the tEchatad exper-
imental beam image is due to two factors. The first consists in the fact thatdbedure
to infer the radial extension of the space covered by the neutrons agtibetatr position
according to geometrical considerations, as well as the one to extraattuatling to the
simulations performed in CERN by means of the FLUKA and MCNPX codesdi&re
ferent from the data treatment experimentally performed. When a netikesshe!’B
converterp particles andLi are emitted. The emission angle depends on the kinematics
of the reaction. Once the charged particle has been emitted, it is subjectedsledtric
field and the gravitational field. The latter, on such a small flight path as ifhéoceinode
distance, and on such heavy nucleus is completely negligible with respeet farther,
given a usual difference of potential between the drift electrode amdhgsh of the or-
der of 150 V. The kinetic energy acquired inside the electric field (ar@@neV for*He
nuclei and 1.5 times such value fari) is in its turn negligible with respect to the kinetic
energy with whom particles are emitted from the converter. Thereforedlaswajectory
of s and’Li nuclei inside the detector is determined by thé’B(x)’Li reaction. The
larger the emission angle, the higher is the number of strips showing a sigm#d dhe
passage of the charged particle(s) and the less precise is the determiridtieremis-
sion point based on the center of charge analysis. Thought, as expiairfef.4.1, this
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Figure 32. XYMG detector detail: the blue line signs the border of thewliar bulk, while
the red ones limit the area covered by the strips connectttetelectronic chain acquiring
and treating data. The yellow area resulting from the ietetien of the bulk with the active
part of the readout is the working section of the detector.

method is the best available, it introduces a halo on the border of the beam anéig

as the multiplicity allowed in the analysis. For example, if the expected beam diameter
1.8 cm, by allowing a multiplicity of 10 strips in the data analysis, a beam image with a
radius of 10 strips *6 cm/(106 strips) = 0.56 cm larger than the expecteid atained.

The second and dominant factor explaining the discrepancy in the dimeofsiba
halo of Fig.[31 on one side and FIg.130 and Figl 29 on the other side, is ¢éserue
of the PCB in the experimental layout and its absence in the simulated andtededic
ones. As explained in [84.4.2, the primary neutrons that do not interaceneiith
the boron converter nor with the gas molecules, can be backscattered BLC®# The
scattering angle depends on the kinematics of the reaction. The bacletaigertrons
have therefore a certain probability to strike again the converter, and aero chance
to do so in its peripheral region. The center of charge of a signal duadiksbattered
neutrons can therefore be localized in whatever part of the detectoratitgpwith the
kinematics of the reaction.

Fig.[33 and Fig[_34 show the result of two GEANT4 simulations, where theentid
primary particles are neutrons whose energy and position in space oneagthogo-
nal to the beam direction are sampled respectively from the 2009 expéainmeTOF
neutron flux and from the FLUKA simulations performed in CERN. The flux itaos,
aluminum windows, ... are implemented in both geometries, with the difference that in
one simulation also the PCB was considered, while in the other it was discakfted
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Figure 33. GEANT4 beam image when the PCB is not implemented in the gegme

performing the analysis described in_§414.3, the same data treatment as ipeheex-
tal case was carried on.

Another striking peculiarity of the beam image plotted in Eid. 31 is the presdnvis o
ible “lines”. Going through the data analysis, if in the very first step we pkathplitude
of the signals picked up by each strip of one side of the detector foradesants, the
explanation to these lines is found. They correspond to strips providirayalow ampli-
tude signals. Fid. 35 and Fig.136 well exemplifies the situation for a 2010 measnots
(a 2010 measurement was preferred for the plot only because of lsigltistics). Thought
on one side the problematic strips affect the analysis of the beam intercégution on
the other one they result to be a fingerprint of our XYMG detector anearsed, year
after year, to check the correctness of the reconstructed image.

For better visualizing the shape of the beam profile, a plot as in Big. 37éssa. Its
gaussian-like shape can be explained on the basis of the rules of thetgeahoptics.
Soon after the spallation target, the neutrons can be thought as a waweeitapying the
whole beam pipe diameter. Actually they occupy a small cylinder whose hisigiven
by the difference in kinetic energy between the fastest and slowesbnsuffherefore,
up to the exit of the second collimator, we expect to see a beam profiledshaestep
function. When interacting with the edge of the second collimator, neutrensitirer

absorbed by"B or moderated by the hydrogen in the polyethylene, or by the carbon and
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Figure 34. GEANT4 beam image when the PCB is implemented in the geometry
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Figure 35. AMPLITUDE OF SIGNALS
READ IN STRIPS CORRESPONDING TO
THE X SIDE OF THE DETECTOR(SEE
FiG.[I8) BEFORE THE PEDESTAL SUB
TRACTION.
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Figure 36. AMPLITUDE OF SIGNALS
READ IN STRIPS CORRESPONDING TO
THE Y SIDE OF THE DETECTOR(SEE
FiG. [I8) BEFORE THE PEDESTAL SUB
TRACTION.

iron in the steel. The moderation process is a sequel of elastic scattenngaeacan
think at this mechanism as neutrons striking the collimator and being reflected.

In reality the beam profile is not a Gaussian, and can not even be prdeistyibed
by a Gaussian distribution convoluted with a door function as instead expesgweral
small factors affect the shape of the beam profile and hold it from regytémfectly
symmetric. An example of one of such factors, for low neutron energiespresented
by the gravitational effect, that influences the projection of the beami@ifing the
vertical direction parallel to the walls of the experimental area.
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Figure 37. XYMG detector detail: the blue line signs the border of thewlar bulk, while
the red ones limit the area covered by the strips connect#tetelectronic chain acquiring
and treating data. The yellow area resulting from the ieigren of the bulk with the active
part of the readout is the working section of the detector.

In any case, the bidimensional beam profile can be approximated antbtedited
with the bivariate normal function given i 2

(x—x0)* (y=y0)*\ _ », (x=x0)-(y—yo)
LS SRR, S

2(1—p2)

A

27050y /1 — p?

with p being the correlation betweenandy. If the gaussian is simmetrip,= 0, and
the[2 takes the form given i 3

flxy) = ) @)

_ A ef< (x — xO)Z
2moyoy 202

(v — o)
If the p parameters is left free in the fit, and all neutron energies are consjdbeed
result in tabld B is obtained for the measurement performed in the pefiedit July
2009.

Table[3 shows that the parameter is not compatible with zero, but by computing the
covariance matrix associated to the fit parameters the correlation amongasacheters
can be calculated. Tallé 4 reports the correlation matrix for the perforireatifishows
that there is anyhow only little correlation betweeandy coordinates and no correlation
(or, in another measurements, little correlation) betweeando .

Therefore it is possible fixing the parameter to zero and fitting the beam profile
with the simmetric bivariate normal distribution given[ih 3. Such function prssan
interesting feature. If integrated along one dimension, it gives rise to agaessian
characterized by the same mean and width of the original normal distributios.op-
eration of integrating the bivariate normal function along one direction is/algumt to
perform its projection along the direction orthogonal to the previous one.
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Table 3. Fit parameters extracted by fitting the beam profile with afiate normal distribu-
tion. Thep parameter was left free.

Parameter Parameter Parameter Parameter %
Number Name Value Uncertainty  Uncertainty
0 Const 1.16655E+03 1.93889E+00 0.2
1 Xo -2.00480E-01 1.13008E-03 0.6
2 Oy 6.69874E-01 8.51754E-04 0.1
3 Yo 1.06803E-01 1.08592E-03 1.0
4 oy 6.47007E-01 8.04229E-04 0.1
5 1Y 3.63890E-02 1.70190E-03 4.7

Table 4. Correlation matrix associated to the fit parametefd of 3.

Parameter Const X ox Yo o0y 0
Const 100 -0 2 0 2 0
Xo -0 100 -1 4 0 0
Oy 2 -1 100 -0 0 3
Yo 0 4 -0 100 O -0
oy 2 0 0 0O 100 3
0 0 0 3 -0 3 100

Since unidimensional plots on a paper are easier to be read than bidimépsidsa
constrained on a page, the beam profile will be presented through itstwogin the
whole report. In the following pages the experimental beam profile obthiyneedlecting
different neutron energy ranges is shown with its fit. The fit is perfortnedxcluding
the tails, since as previously seen, they are due to the presence of theflR&€Beam
profile obtained by the simulations performed in CERN is also shown, as iitieatien
(true beam profile) in absence of the PCB.
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Figure 38. Beam profile obtained by considering all neutron energies.
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Figure 39. Beam profile in the energy range between 0.022 eV and 0.05 eV.
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Figure 40. Beam profile in the energy range between 0.05 eV and 0.1 eV.
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Figure 41. Beam profile in the energy range between 0.1 eV and 0.22 eV.
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Figure 42. Beam profile in the energy range between 0.22 eV and 0.46 eV.
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Figure 43. Beam profile in the energy range between 0.46 eV and 1 eV.
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Figure 44. Beam profile in the energy range between 1 eV and 2.15 eV.
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Figure 45. Beam profile in the energy range between 2.15 eV and 4.64 eV.
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Figure 46. Beam profile in the energy range between 4.64 eV and 10 eV.
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Figure 47. Beam profile in the energy range between 10 eV and 21.54 eV.
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Figure 48. Beam profile in the energy range between 21.54 eV and 46.42 eV.
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Figure 49. Beam profile in the energy range between 46.42 eV and 100 eV.
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Figure 50. Beam profile in the energy range between 100 eV and 215.44 eV.
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Figure 51. Beam profile in the energy range between 215.44 eV and 46¥.16 e
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Figure 52. Beam profile in the energy range between 464.16 eV and 1 keV.

For neutron energies exceeding 1 keV no beam profile is reportedde=chtoo low
statistics. Even increasing the time duration of the measurements, only little impnaveme
would be obtained. This lack of statistics at high neutron energies is in tectalthe
combination of two factors: a really thin neutron/charged particle conviitkness and
the trend ofl°B(nx)”Li cross section (decreasing for increasing neutron kinetic energy).
Fig. [39 shows that the beam profile results “bent” and is characterizedbgged top.
This last feature is a consequence of the operation of integration.
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5.1.2 11" - 13" July 2009

The detector was moved and a new image (sed Flg. 53) was acquired.

Table 5. Details of the measurement performed in the peridd 113" July 2009.

Configuration XYMG close to SILI
Runs 9119, 9120, 9121, 9122
Protons 8.8e+16
Converter thickness 24 nm
Mesh Voltage 330V
Drift Voltage 480V
6 .
2 image2D_neut
e ; Mean x 0.8581+ 0.001335
x 4
ﬁ B Mean y 0.2264 + 0.001289
:_i 2 } RMS x 0.7707 £ 0.000944
% r RMS y0.7444 + 0.0009118
S o
2 ; 10?
u ; 10
i 1
6_ | | | | |

6 -4 -2 0 2 4 6
Horizontal of EAR (cm)

Figure 53. Beam imagejMegas detector seen in the reference system of the EAR.).

Apart from a different center of the image, nothing changed with réspebe previ-
ous measurement.

52 /[14% Internal report
IRFU-14-07



X_Projection

Sim '&\’

-0.0113: 0.0001 i
0.6168 + 0.0001 i

I

whj - L ‘k——qw‘ L L

14000 e
L | Mean 0.0104 = 0.001
12000{— o 0.7686 + 0.0009
10000}
C | Mean
- o
8000[
6000 Mean 0.8855 2 0.0012
o 0.6869 + 0.0009 y
4000(
2000
%

4
Horizontal of EAR (cm)

6

Y_Projection

C Exp
14000
[ | Mean -0.0567 +0.0013
L [ 0.7445 + 0.0009
120001 i
C Sim /\’;
10000 } Mean  0.0789 + 0.0001 ¢

L [ 0.6168 + 0.0001 / \H.L
80001 Fit / \i\

[ Mean 0.2430 + 0.0012 1
6000 4 0.6508 + 0.0009 / \LLk
4000 %‘
2000

% 4 0 2 6

4
Vertical of EAR (cm)

Figure 54. Beam profile obtained by considering all neutron energies.
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Figure 55. Beam profile in the energy range between 0.022 eV and 0.05 eV.
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Figure 56. Beam profile in the energy range between 0.05 eV and 0.1 eV.
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Figure 57. Beam profile in the energy range between 0.1 eV and 0.22 eV.
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Figure 58. Beam profile in the energy range between 0.22 eV and 0.46 eV.
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Figure 59. Beam profile in the energy range between 0.46 eV and 1 eV.
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Figure 60. Beam profile in the energy range between 1 eV and 2.15 eV.
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Figure 61. Beam profile in the energy range between 2.15 eV and 4.64 eV.
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Figure 62. Beam profile in the energy range between 4.64 eV and 10 eV.
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Figure 63. Beam profile in the energy range between 10 eV and 21.54 eV.
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Figure 64. Beam profile in the energy range between 21.54 eV and 46.42 eV.
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Figure 65. Beam profile in the energy range between 46.42 eV and 100 eV.

4
Vertical of EAR (cm)

58 /[14%

Internal report
IRFU-14-07



X_Projection_100.00_eV_to_215.44_eV Y_Projection_100.00_eV_to_215.44_eV

40F = F z
E Xp 35[] Xp
35 Mean -0.0091% 0.0324 | Mean -0.1196+ 0.0326|
= o 0.8638 + 0.0229 o [ 0.8697 + 0.0230
o 301
30 o Sim E Sim
25 I ["Mean 0.0029% 0.0010 ‘ 25 | Mean 0.1083+ 0.0009
Elo 0.6109 + 0.0007 E| o 0.6062 + 0.0007
- - 1 20— - P
20 Fit - Fit
E Mean  0.9105 + 0.0279 15 i Mean 0.3514 + 0.0265 u‘
15[ o 0.6983 £ 0.0214 F| o 0.6673 + 0.0200
10 = 10 g }‘ H LLH
5F ‘ i 5F } ‘} i
: I : i |
o fi Hid L N ob A0 IHEHHY Co IR
-6 -4 -2 4 6 -6 -4 -2 0 2 4 6
Horizontal of EAR (cm) Vertical of EAR (cm)
Figure 66. Beam profile in the energy range between 100 eV and 215.44 eV.
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Figure 67. Beam profile in the energy range between 215.44 eV and 46%.16 e
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Figure 68. Beam profile in the energy range between 464.16 eV and 1 keV.
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5.1.3 16" November 2009

Table 6. Details of the measurement performed thé& Movember 2009.

Configuration No info (it should therefore be: XYMG close to SILI)
Runs 9831, 9832, 9833, 9834, 9835, 9836, 9837, 9838
9839, 9840, 9941, 9842, 9843
Protons 5.16884e+16
Converter thickness 24 nm
Mesh Voltage No info available
Drift Voltage No info available
6 .
2 image2D_neut
g—:)/ 4 I Mean x -0.01238 +0.001719
E N Meany -0.7595 + 0.001657
E 2 ; RMS x 0.7785 £ 0.001215
8 -
B : RMSy 0.7505 + 0.001172
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Figure 69. Beam imagejMegas detector seen in the reference system of the EAR.).
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Figure 70. Beam profile obtained by considering all neutron energies.
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Figure 71. Beam profile in the energy range between 0.022 eV and 0.05 eV.
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Figure 72. Beam profile in the energy range between 0.05 eV and 0.1 eV.
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Figure 73. Beam profile in the energy range between 0.1 eV and 0.22 eV.

Internal report
IRFU-14-07

63 /[14%

4
Vertical of EAR (cm)



X_Projection_0.22_eV_to_0.46_eV Y_Projection_0.22_eV_to_0.46_eV

o Exp E Exp
350 F| Mean 0.0862+0.0084 350 wean 0.0241+ 00081
r a 0.7430 + 0.0059 C a 0.7223 + 0.0058 ‘ }
300 C I
o Sim | 300 E Sim I
250{— Mean -0.0136 + 0.001 ikt 250 Mean 0.0549 £ 0.0011 y !
Fl o 0.6284 + 0.0007 /| W‘} C|o 0.6340 + 0.0007 x
200 Fit } 200[] Fit |
F Mean  -0.0495 + 0.0074 | \ E Mean -0.7530 + 0.0072] A \L&L
150 El o 06416+ 0.0055 JJ}I} W 150 o 0.6246 + 0.0053 M L\L
100F ! 100F \
50~ }, { 50
E n \&I” \ E Hv. s e
0 L L L L va 1 1 1 1 1 L G TR e L L L 0 L L L L L st 1 1 1 1 1 L GaTIOWY A o L L L
-6 4 -2 0 2 6 -6 -4 -2 0 2 4 6
orizontal o cm ertical 0 cm
Hori | of EAR (cm) Vertical of EAR (cm)
Figure 74. Beam profile in the energy range between 0.22 eV and 0.46 eV.
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Figure 75. Beam profile in the energy range between 0.46 eV and 1 eV.
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Figure 76. Beam profile in the energy range between 1 eV and 2.15 eV.
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Figure 77. Beam profile in the energy range between 2.15 eV and 4.64 eV.
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Figure 78. Beam profile in the energy range between 4.64 eV and 10 eV.
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Figure 79. Beam profile in the energy range between 10 eV and 21.54 eV.
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Figure 80. Beam profile in the energy range between 21.54 eV and 46.42 eV.

X_Projection_46.42_eV_to_100.00_eV

= Exp
30
- Mean 0.1414 + 0.0365
o 0.8545 + 0.0258
25
C Sim
T 0.0774 £ 0.0010 H‘
20 4 o 0.6131:+ 0.0007
C Fit %
15H |
[ | Mean -0.0614 + 0.0300 ‘
o 0.6932 + 0.0178 ‘
10 | ‘\
- M‘ [ ‘ \ W
51 ‘i“ ‘ | }
b «MMH Il
-6 -4 -2 0 2 6

4
Horizontal of EAR (cm)

asH Exp
E | Mean 0.0205+ 00279
40 o 0.7709 + 0.0197
351 Sim
30[| Mean 0098700010
El o 0.6110% 0.0007
25 Fit
20 Mean -0.6439 + 0.0240 ” W ‘
F| o 0.6356 + 0.0177 H H
15+ M | ILL
10 f ‘ i }‘ |
5 ; H| {
o L L TETE
'6 4 2 0 2 4 6
Vertical of EAR (cm)
Y_Projection_46.42_eV_to_100.00_eV
35
r Exp
30/~ Mean 0.0645+ 0.0343
| o 0.8036 + 0.0243
25 Sim
C [ Mean 01115+ 0.0010 H
20l] © 06285 + 0.0007
B Fi
15 Mean -0.7249% 0.0332
Fl o 0.6098 + 0.0208
10F b m
5 o |
f W NG
ob b AR LSCEH
-6 -4 -2 0 2 6

Figure 81. Beam profile in the energy range between 46.42 eV and 100 eV.
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Figure 82. Beam profile in the energy range between 100 eV and 215.44 eV.
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Figure 83. Beam profile in the energy range between 215.44 eV and 46¥.16 e
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Figure 84. Beam profile in the energy range between 464.16 eV and 1 keV.
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5.1.4 17" November 2009

Since the beam profile along the Y axis always looked “bent” (see Fig430), it
was decided to monitor its shape for different positions of the second collimate
table below reports, for each run, the actions taken. All tests wererpeztbin the same
conditions, i.e.: XYMG detector close to SILI, mesh voltage 330 V, drift vatdg0 VvV
and converter thickness equal to 24 nm.

Table 7. Details of the measurement performed off'INovember 2009.

Case Runs Protons Actions taken
Ref. 9831 -9843 5.16884e+16 Reference test
1 9850 2.0e+16 XYMG down by 1 cm. Collimator tilted

4 mm down downstream

2 9851, 9852 2.51e+16 XYMG down by 1 cm. Collimator shifted
4 mm down downstream and upstream

3 9853, 9854 2.309e+16 XYMG down by 1 cm. Collimator tilted
2 mm down upstream (4 mm down parallel
shift wrt to nominal run conditions)

4 9858, 9959, 9860  2.944e+16 XYMG down by 1 cm. Collimator tilted
further 2 mm down upstream (8 mm down
parallel shift wrt to nominal run conditions)

5 9861 1.58e+16 XYMG down by 1 cm. Collimator displacement
9 mm down upstream and 4 mm down
downstream wrt to nominal run conditions

6 9863 2.28e+16 XYMG down by 1 cm. Collimator displacement
8 mm down upstream and 6 mm down
downstream wrt to nominal run conditions

Fig. and Fig[C86 show a comparison of the beam profile along the Y axis fo
different test conditions. The role played by the second collimator withertdp the
shape of the beam profile is evident.

All curves are normalized to the same maximum. Additional tests were performed,
but are not here reported.
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Figure 85. Comparison of the beam profile along the Y axis (all neutrargies considered)
for different positions of the second collimator.
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Figure 86. Comparison of the beam profile along the Y axis (all neutrargies considered)
for different positions of the second collimator.
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5.2 2010

Starting from 2010, only the neutron/charge particle converter pim2thickness was
used. The detector was positioned at a TOF distance of 183.74 m. Moleurated
water, and not anymore simple @, was used for moderating the neutrons exiting from
the spallation target.

52.1 19" May 2010

The first beam image got in 2010 clearly showed some problems.

Table 8. Details of the measurement performed th& May 2010.

Configuration TOF distance of 183.74 m
Runs 9919, 9920, 9921
Protons 1.7513e+16
Converter thickness 2um
Mesh Voltage 325V - 340 V?
Drift Voltage 565V
6 .
2 I image2D_neut
i/ o Mean x0.02168 + 0.008891
E C Meany -0.4869 + 0.01066
“_6 2 L RMS x 0.6545 + 0.006287
g E RMS'y 0.7847 + 0.007538
2 o
C 10
2k
C 1
4 a 10
B e R

Horizontal of EAR (cm)

Figure 87. Beam imageyMegas detector seen in the reference system of the EAR.).

2A voltage equal to 325 V was set in run 9929, while in the runs 9920 anil 882voltage in the mesh
was set to 340 V. Nonetheless here results are merged to accumulatstatstics
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5.2.2 20" May 2010

The second collimator was moved 2 mm down upstream in order to see if thevimsam
“cut” due to misalignment, but no positive effect was obtained.

Table 9. Details of the measurement performed thé 20ay 2010.

Configuration TOF distance of 183.74 m
Runs 9922, 9923, 9924
Protons 4.972e+15
Converter thickness 2um
Mesh Voltage 340V
Drift Voltage 565V

6 -
image2D_neut
é-f)’ 4 N Mean x 0.05143 + 0.01649
5 B Meany -0.4738 + 0.01883
“_S 2 :— RMS x 0.6752+ 0.01166
}é C RMSy 0.7708+ 0.01331
g 0 —

2 1

-4 ; 101

L ! ! ! ! ! -2
b6 -4 -2 0 2 4 6 10
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Figure 88. Beam imageyMegas detector seen in the reference system of the EAR.).
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5.2.3 21% - 24" May 2010
As a further trial, the second collimator was moved 2 mm up upstream with tetspec

the position held on 19" May (or equivalently 4 mm up upstream with respect to the
position held on 28 May).

Table 10. Details of the measurement performed in the period 224" May 2010.

Configuration TOF distance of 183.74 m
Runs 9925, 9926, 9927, 9928, 9930, 9931, 9932, 9936,
9937, 9938, 9939, 9940, 9941, 9942, 9943, 9944,
9945, 9946, 9947, 9948, 9949, 9950, 9952, 9953,
9954, 9955, 9956, 9957

A

10

Protons 2.867312e+17
Converter thickness 2um
Mesh Voltage 340V
Drift Voltage 565V
6 -
2 image2D_neut
i 4 ; Mean %.009034 +0.0006383
5 - Meany -0.4296 + 0.0007341
“_5 2l RMS x  0.6874 + 0.0004513
g E RMSy 0.7905 + 0.0005191
2 o
- 10°
2
C 102
6

'
(2]

-4 -2 0 2 4 6 L

Horizontal of EAR (cm)

Figure 89. Beam imageyMegas detector seen in the reference system of the EAR.).
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5.2.4 25" May 2010

Once excluded that the problem was due to the collimator, the neutron/dhzagéle
converter was rotated by 9@ check if part of the deposit detached from the backing.
No striking evidence of lack of uniformity of th€B,C deposit was obtained.

Table 11. Details of the measurement performed thé' 28ay 2010.

Configuration TOF distance of 183.74 m
Runs 9958, 9959, 9960, 9961, 9962, 9963, 9964
Protons 1.1288e+16
Converter thickness 2um
Mesh Voltage 340V
Drift Voltage 565V
6 .
2 image2D_neut
e B Mean x 0.0368 + 0.002862
x AC
g N Mean y-0.4363 + 0.003342
Li 2 ; RMS x 0.6864 + 0.002024
% C RMS'y 0.8016 + 0.002363
2 o
C 102
o
C 10
-4 } 1
NI N

Horizontal of EAR (cm)

Figure 90. Beam imageMegas detector seen in the reference system of the EAR.).
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5.2.5 26" May 2010

The XYMG detector was shifted 15 mm to the left to search again some tracekof la
of uniformity of the neutron/charge particle converter, but it became vishaé the
problem was in the detector itself. A huge portion of it was not properlkingt

Table 12. Details of the measurement performed thé'28ay 2010.

Configuration TOF distance of 183.74 m
Runs 9973, 9974, 9975, 9976, 9977
Protons 2.7781e+16
Converter thickness 2um
Mesh Voltage 325V
Drift Voltage 565V
6 .
2 I image2D_neut
S T Mean x 1.088 +0.001717
x 4
5 C Mean y-0.2125 + 0.001876
:_‘2 2 :— RMS x 0.6951+ 0.001214
g C RMSy 0.7593+ 0.001326
S o
: 102
-2 j
C 10
-4 j
- 1
RN TN
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Figure 91. Beam imageMegas detector seen in the reference system of the EAR.).
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5.2.6 2" June 2010

Different tests were performed: the drift and mesh voltage were clatigeintegration
and derivation time of the amplifier were increased by 50 ns, the gas asiplgas
connections were checked. In the end the detector was removed.

Table 13. Details of the measurement performed tf& 2une 2010.

Configuration TOF distance of 183.74 m
Runs 10026, 10027, 10028, 10029, 10030, 10031, 10032, 10033
10034, 10035, 10036, 10037, 10038, 10039, 10040
Protons 6.5521e+16
Converter thickness 2um
Mesh Voltage 300 -365 V
Drift Voltage 360 - 500 V
6 -

= image2D_neut

E:LL 4 Mean x 1.128 +0.001185

5 Mean y-0.1199 + 0.001262

° 2 RMS x 0.7131+ 0.0008377

-g RMS y0.7599 + 0.0008926
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Figure 92. Beam imageyMegas detector seen in the reference system of the EAR.).
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5.2.7 14" June 2010

After checking the best mesh and drift operation region, the detectoputaggain in
position. The previously observed problems were due to 2 factors:

1. the mesh of the XYMG detector is not completely flat. This causes the eleetdc fi
to change in different parts of the multiplication region, with field lines drivirgy th
electrons more towards some strips than towards others.

2. the coupling of the mesh and drift voltages set in the previous periagsponded
to a low transparency of the mesh.

Table 14. Details of the measurement performed th& 14ine 2010.

Configuration TOF distance of 183.74 m
Runs 10097, 10098, 10099, 10100, 10101, 10102, 10103
10104, 10105, 10106, 10107, 10108, 10109, 10110
10111, 10112, 10113, 10114, 10115, 10116, 10117
10118, 10119, 10120, 10121, 10122, 10123, 10124, 10125

Protons 5.2592665e+17
Converter thickness 2um

Mesh Voltage 330 V3

Drift Voltage 385Vv4

B image2D_beam
4= - Mean x 1.097 +0.0002327

B f Mean y 0.0002877 +0.0002347
g 2 RMSx  0.7539 +0.0001646
) L
g B RMSy  0.7602 +0.0001659
.@’ ol r
2 [ 10*
© L
£ 2 10°
q>) -

- 10°

r e

4 10
B s 1 PR IS SR SR SN SR SR S NN S S S NS l
-4 2 0 2 4

horizontal position (cm)

Figure 93. Beam imagejMegas detector seen in the reference system of the EAR.).

4In a few runs the drift voltage was set to 350 V and 380 V.
5In a few runs the drift voltage was set to 405 V and 415 V.
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The study of the beam profile was performed only for data taken from #fe 1
because before the beam image was not complete. Since one of the magémnsonc
resides in the shape of the beam profile,[Eiy 94 shows that along the X arid When
all neutron energies are considered. In order to better see the dhilwgcb@am profile,
no fit is superimposed.

X_Projection Y_Projection
x10° x10°
; 180;
; 160;
; 140;
- 1200
; 100;
; 80;
- 60}
- wf-
= , , 201
Horizontal of EAR (cm) Vertical of EAR (cm)

Figure 94. Beam profile obtained by considering all neutron energié® [€ft panel refers
to the X axis, while the right one concerns the Y axis.

The beam profiles still look slightly bent.

Before starting studying the evolution of the beam profile as a function afithdent
neutron energy, the best fit was looked for. 3 fits were compared: des{Bgussian, the
convolution of a Gaussian with a rectangular function and a Gaussiarirappsed to a
quadratic background. The difference among the 3 cases was velly thraiefore the
first fit was employed for simplicity.

The following pictures show the comparison between the beam profile feretit
neutron energy ranges and simulations performed by the FLUKA [19jmion_TOF.
The beam profiles obtained accounting for the presence of the PCB wikNGE
simulations are not shown because of two reasons: on one side the statisticed
was too low to be conclusive and on the other side the ultimate goal is the detiéomina
of the beam spatial characteristics at the XYMG position when the profil@piaced
by a sample (i.e. in absence of the XYMG). The fit to experimental data isyalwa
superimposed. Statistical panels report the displacement of the beathegaiéing
the reference axis, but all experimental curves are shifted so thatpbak position
coincides with that of the simulated ones they are confronted to.
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Figure 95. Beam profile in the energy range between 0.025 eV and 0.05 eV.
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Figure 96. Beam profile in the energy range between 0.05 eV and 0.1 eV.
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Figure 97. Beam profile in the energy range between 0.1 eV and 0.22 eV.
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Figure 98. Beam profile in the energy range between 0.22 eV and 0.46 eV.
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Figure 99. Beam profile in the energy range between 0.46 eV and 1 eV.
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Figure 100. Beam profile in the energy range between 1 eV and 2.15 eV.
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Figure 101.Beam profile in the energy range between 2.15 eV and 4.64 eV.
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Figure 102. Beam profile in the energy range between 4.64 eV and 10 eV.
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Figure 103.Beam profile in the energy range between 10 eV and 21.54 eV.
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Figure 104.Beam profile in the energy range between 21.54 eV and 46.42 eV.

84 /[14%

Internal report
IRFU-14-07

4
Vertical of EAR (cm)



X_Projection_46.42_eV_to_100.00_eV

1800} =)
1600/~ Mean -0.0305 + 0.0040
C a 0.8394 + 0.0028 \lL‘
* £
1400~ Sim Y\}LL
E f
1200 Mean 0.0774 + 0.0010 v
|l o 0.6131: 0.0007 \*LL
1000 — .
- Fit l \i
800 | Mean 1.1630 % 0.0035 J
| o 0.6955 + 0.0026 / \&
600 [ \H
400f ﬁ \
200 M; \g
0_ C L b 2 1 1 1 1 1 g L L L L L

Horizontal of EAR (cm)

6

Y_Projection_46.42_eV_to_100.00_eV

Figure 105.Beam profile in the energy range between 46.42 eV and 100 eV.
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Figure 106. Beam profile in the energy range between 100 eV and 215.44 eV.
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Figure 107.Beam profile in the energy range between 215.44 eV and 46¥.16 e
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Figure 108. Beam profile in the energy range between 464.16 eV and 1 keV.

86 /[14%

Internal report
IRFU-14-07



X_Projection_1000.00_eV_to_2154.43_eV

c Exp
350 Mean 00380+ 0.0094

C o 0.9225 + 0.0066 \LH
300 :* S H
250 Mean 0.0848 + 0.0009 u

Clo 0.6161: 0.0007 \\m
200 Fit } |

rC Mean  1.1849 + 0.0081 l \h
1501 ¢ 07349 + 0.0063 M \}L

501 i |
-6 -4 -2 0 2

Horizontal of EAR (cm)

6

Y_Projection_1000.00_eV_to_2154.43_eV

Figure 109.Beam profile in the energy range between 1 keV and 2.15 keV.
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Figure 110.Beam profile in the energy range between 2.15 keV and 4.64 keV.
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Figure 111.Beam profile in the energy range between 4.64 keV and 10 keV.
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Figure 112.Beam profile in the energy range between 10 keV and 21.5 keV.
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Figure 113.Beam profile in the energy range between 21.5 keV and 46.4 keV.
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Figure 114.Beam profile in the energy range between 46.4 keV and 100 keV.
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Figure 115. Beam profile in the energy range between 100 keV and 215.4 keV.
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Figure 117.Beam profile in the energy range between 464.15 keV and 1 MeV.

Table[I5 reports the widths of the beam profile obtained by the fit as a foraftihe
neutron energy, while in Fig._1lL8 the corresponding plots are shown.

Table 15.Fit parameters. A 2D Gaussian fit was considered.

Energy range

[cm]

00y
[cm]

Ox

Oy
[cm]

[cm]

oy x>

0.0215443 eV - 0.0464159eV 0.6990 0.0006 0.7287 0.0006

0.0464159 eV - 0.1 eV
0.1eV-0.215443 eV
0.215443 eV - 0.464159 eV
0.464159¢eV -1eV
leV-2.15443 eV

2.15443 eV - 4.64159 eV
4.64159 eV -10eV

10 eV - 21.5443 eV
21.5443 eV - 46.4159 eV
46.4159 eV - 100 eV

100 eV - 215.443 eV
215.443 eV - 464.159 eV
464.159 eV - 1 keV

1 keV - 2.15443 keV
2.15443 keV - 4.64159 keV
4.64159 keV - 10 keV

10 keV - 21.5443 keV
21.5443 keV - 46.4159 keV
46.4159 keV - 100 keV

0.6786 0.0005
0.6643 0.0006
0.6628 0.0007
0.6643 0.0008
0.6669 0.0009
0.6742 0.0011
0.6759 0.0014
0.6799 0.0017
0.6875 0.0021
0.6955 0.0026
0.6893 0.0033
0.7056 0.0042
0.7239 0.0053
0.7349 0.0063
0.7324 0.0121
0.7598 0.0133
0.7500 0.0132
0.7523 0.0130
0.7278 0.0113

0.7185 0.0006
0.6833 0.0006
0.6656 0.0007
0.6650 0.0008
0.6669 0.0009
0.6728 0.0011
0.6786 0.0014
0.6787 0.0017
0.6875 0.0021
0.6947 0.0026
0.7206 0.0033
0.7100 0.0042
0.7217 0.0053
0.7374 0.0064
0.7363 0.0123
0.7594 0.0132
0.7714 0.0137
0.7697 0.0135
0.7339 0.0115

10.02
13.54
9.92
7.69
6.25
5.04
4.01
3.13
2.58
2.06
1.62
1.24
1.06
0.86
0.77
0.28
0.28
0.28
0.29
0.30
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Figure 118. Relation between the Gaussian width obtained by fitting tranbprofiles and
the neutron energy.

The beam interception factor was extracted at the XYMG positionfor two sam-
es: one witho =1 cm and the other witth = 2 cm. Given the huge horizontal mis-
ignment of the detector with respect to the center of the beam, the computatson w

performed by correcting for the shifts along both Cartesian axis. Expetaheesults
are reported in Table 16 and Hig 119 shows the corresponding plotasitiecided not

to

extract the bif from the fit to the experimental data because this operatiolu wot

correct for the presence of the PCB and therefore would not imprevestults.

Table 16. Experimental beam interception factor for 2 samples okdéht diameters.

Energy range B.l.F. for sample B.l.F. for sample
©=1cm ©=2cm
(%] [%]
0.0215443 eV - 0.0464159 eV  25.0850.054 74.904+ 0.067
0.0464159 eV - 0.1 eV 25.535 0.048 76.01Qt 0.059
0.1eV-0.215443 eV 26.36% 0.057 77.928t 0.068
0.215443 eV - 0.464159 eV 26.6150.066 78.783t 0.077
0.464159 eV -1 eV 26.504 0.077 78.659t 0.090
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leV-2.15443 eV 26.636: 0.092 78.464t 0.108
2.15443 eV - 4.64159 eV 26.4200.110  78.242: 0.130
4.64159eV -10eV 26.39% 0.133 77.930k 0.158
10 eV - 21.5443 eV 26.172 0.161 77.898t 0.193
21.5443 eV - 46.4159 eV 25.947 0.197 77.640k 0.239
46.4159 eV - 100 eV 26.074 0.242 77.114£ 0.295
100 eV - 215.443 eV 26.024 0.299 77.236E 0.366
215.443 eV - 464.159 eV 25.495 0.365 76.045E 0.456
464.159 eV - 1 keV 24.97% 0.448 75.716£ 0.573
1 keV - 2.15443 keV 25.292- 0.533 75.065E 0.690
2.15443 keV - 4.64159 keV 26.45% 1.055 77.617 1.358
4.64159 keV - 10 keV 24.61& 1.055 74.18H 1.395
10 keV - 21.5443 keV 26.22€¢ 1.086 75.48Ct 1.410
21.5443 keV - 46.4159 keV 25.60% 1.052 74.608t 1.393
46.4159 keV - 100 keV 25.776 0.963 75.155f 1.223
100 keV - 215.443 keV 26.794 1.182 77.814f 1.422
215.443 keV - 464.159 keV 28.3281.081 82.288t 1.115
464.159 keV - 1 MeV 25.316- 4.975 72.152+ 5.666

The bif extracted from the FLUKA simulations is reported in Tdble 17. Sincenwh
extracting neutron induced capture cross sections the data are oftealized at the 4.9
eV % Au resonance, it can be convenient to determine the ratio of the experliyenta
determined bif to the simulated one, after matching the two data sets in correspgend
of the energy bin containing the 4.9 eV resonance. Therefore theimqueal bif, in each
energy region, is scaled by a factor equal to the ratio of value of the sirditat 4.9
eV to the value of the simulated bif at 4.9 eV. The obtained normalized bif is qubady
divided for the simulated bif. The result is reported in [Eigl120, where tige leuror bars
highlight the poor statistics. A region of good agreement between theisgeal and
simulated bif is put in evidence through a grid around y = 1. It is important tetime
that the FLUKA simulations used as a meter of comparison in this report wemped
for the 2012 setup configuration (meaning a well defined concentratiofBoin the
moderator), therefore at low neutron energies a comparison is mearmgftior 2012
data.
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Table 17. Simulated beam interception factor for 2 samples of difieckameters.

Energy range

B.l.F. for sample B.l.F. for sample

@=1cm ©=2cm
(%] [%0]
0.0215443 eV - 0.0464159 eV  23.1840.033 69.925+ 0.036
0.0464159 eV -0.1eV 22.995 0.028 69.562+ 0.030
0.1eV-0.215443 eV 23.226 0.042 69.853t 0.046
0.215443 eV - 0.464159 eV 22.3520.069 67.994+ 0.078
0.464159eV-1eV 22.256& 0.072 68.289+ 0.080
leV-2.15443 eV 23.4208- 0.069 70.498t 0.075
2.15443 eV - 4.64159 eV 23.5260.068 70.295+ 0.074
4.64159eV-10eV 23.646 0.068 70.703k 0.073
10 eV -21.5443 eV 23.144 0.069 69.804+ 0.075
21.5443 eV - 46.4159 eV 23.6360.070 71.375: 0.075
46.4159 eV - 100 eV 23.10& 0.070 69.794+ 0.076
100 eV - 215.443 eV 23.948 0.067 71.673t 0.070
215.443 eV - 464.159 eV 23.7240.070 70.97# 0.075
464.159 eV - 1 keV 22.938 0.066 69.512+ 0.072
1 keV - 2.15443 keV 23.688- 0.065 71.039+ 0.069
2.15443 keV - 4.64159 keV 23.52B0.068 70.696+ 0.073
4.64159 keV - 10 keV 22.882 0.064 69.408t 0.070
10 keV - 21.5443 keV 23.104 0.060 69.696+ 0.065
21.5443 keV - 46.4159 keV 23.897 0.061 71.185+ 0.065
46.4159 keV - 100 keV 23.136 0.051 69.949+ 0.056
100 keV - 215.443 keV 23.32F 0.045 70.43H 0.048
215.443 keV - 464.159 keV 23.751 0.035 71.208t 0.037
464.159 keV - 1 MeV 24.23% 0.026 72.540+ 0.027
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Figure 119. Experimental beam interception factor for different saemaldii.
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Figure 120. Ratio between the experimental and simulated bif (afteommalization of the

experimental bif).
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53 2011

In 2011 two separate measurements were taken. The detector was pdsititime same
TOF distance as in 2010. On the other side, fiR2concentration in borated water was
changed.

5.3.1 15" March 2011

In a first moment the PKUP was not working, therefore the number of adldqarotons
is unknown.

Table 18. Details of the measurement performed thé M8arch 2011.

Configuration TOF distance of 183.74 m

Runs 1121, 11622, 11623, 11624, 11625, 11626,11627

Protons No info available

Converter thickness 2um

Mesh Voltage 330V

Drift Voltage 400V

6 .

£ image2D_neut
i 4 Mean x-0.1978 + 0.005473
ﬁ Mean y -0.3611+ 0.005583
E 2 RMS x  0.7891+ 0.00387
g RMSy 0.805 + 0.003948
2 o0

'
N

10

A

I I I 101t
-2 0 2 4 6

Horizontal of EAR (cm)

&
c’\\\‘\\\‘\\\‘\\\‘\\\‘\\\
1
i

Figure 121. Beam imageyMegas detector seen in the reference system of the EAR.).

The next pictures show the beam profiles obtained by considering albneenergies.
As usual, a simple Gaussian fit is shown.
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5.3.2 15" - 16" March

Table 19. Details of the measurement performed the peridd 186" March 2011.

Configuration TOF distance of 183.74 m

Runs 11629, 11630, 11631, 11632, 11633, 11634, 11635, 11636,
11637,11638, 11639, 11640, 11641, 11642, 11643

Protons 1.06448e+17

Converter thickness 2um

Mesh Voltage 330V

Drift Voltage 400V

image2D_beam

Mean x-0.02435 +0.0009335

Mean y-0.04019 + 0.0009719

RMS x  0.7419 +0.0006601

RMSy 0.7724 + 0.0006873

10?

10

vertical position (cm)
o
T T I T 1T ‘ 1T ‘ T 1T ‘ T 1T I T

IN

P IS SR SR SN ST ST S N SRR P
-2 0 2 4
horizontal position (cm)

=

Figure 123.Beam imageyMegas detector seen in the reference system of the EAR.).

As done for 2010 data, before reporting the analysis, the beam priofilg the X and
Y axis reconstructed by considering all neutron energies is showrF{gg&4). In order
to better see the shape of the beam profile, no fit is superimposed.

The analysis of the beam profile follows. Experimental data were fitted with a
bidimensional Gaussian function. Because of low statistics the analysisaw#sdcoon
by considering only 1 bin per decade.
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Figure 124. Beam profile along the X axis. All neutron energies are carsid. The left
panel refers to results obtained with the original routinesile the right one concerns the
modified routines.
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Figure 125. Beam profile in the energy range between 0.01 eV and 0.1 eVoaisdered.
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Figure 126.Beam profile in the energy range between 0.1 eV and 1 eV arédeosed. The
left panel refers to the X axis, while the right one concehesY axis.
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Figure 128. Beam profile in the energy range between 10 eV and 100 eV assd=yad.
The left panel refers to the X axis, while the right one conséhe Y axis.
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Figure 129. Beam profile in the energy range between 100 eV and 1 keV argdared.
The left panel refers to the X axis, while the right one conséhe Y axis.
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Figure 130. Beam profile in the energy range between 1 keV and 10 keV arsidened.
The left panel refers to the X axis, while the right one consghe Y axis.
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Figure 131. Beam profile in the energy range between 10 keV and 100 keVoarsdered.
The left panel refers to the X axis, while the right one consghe Y axis.
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Figure 132. Beam profile in the energy range between 100 keV and 1 MeV arsidered.
The left panel refers to the X axis, while the right one conséhe Y axis.

Table[20 reports the widths of the beam profile obtained by the fit as a faraftibe
neutron energy, while in Fig._1B3 the corresponding plots are shown.

Table 20. Fit parameters. A 2D Gaussian fit was considered.

Energy range 0y 50 oy boy X

[em]  [em]  [cm]  [cm]

0.0l1ev-10eV  0.6425 0.0011 0.7369 0.0013 6.40
0.levV-1leV 0.6152 0.0011 0.6823 0.0013 5.13
levV-10eV 0.6237 0.0021 0.6820 0.0024 1.77
10 eV -100eV 0.6404 0.0043 0.6934 0.0048 0.85
100 eV - 1 keV 0.6726 0.0092 0.7114 0.0100 0.36
1 keV - 10 keV 0.7119 0.0243 0.7826 0.0283 0.09
10 keV -100keV 0.6998 0.0170 0.7475 0.0189 0.14
100 keV -1MeV 0.6065 0.0145 0.6585 0.0164 0.13
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Table[22 reports the values of the bif experimentally determined and il Figth£33
corresponding plots are shown. Tab 22 lists the bif obtained from FLUiKAlations.
We underline again that the FLUKA simulations used as a meter of comparisois in th
report are tuned on the 2012 facility characteristics, and thereforevaidotron energies
a comparison between simulated and experimental data is not conclusive.

Table 21.Beam interception factor calculated for 2 samples of diffieidiameters.

Energy range

0.01eVv-0.1eVv
0.1eV-1leV
leV-10eV
10eV -100 eV
100 eV - 1 keV
1keV - 10 keV
10 keV - 100 keV
100 keV - 1 MeV

©=1cm
[%0]

22.99€ 0.020
22.845: 0.032
23.532+ 0.040
23.291 0.040
23.53% 0.039
23.358t 0.038
23.35% 0.033
23.938t 0.019

B.l.F. for sample B.l.F. for sample

@=2cm
[%0]

69.646+ 0.021
69.149t 0.035
70.499t 0.043
70.317 0.043
70.713t 0.042
70.372+ 0.041
70.238t 0.035
71.796+ 0.020

Table 22. Beam interception factor calculated for 2 samples of diffiéidiameters.

Energy range

0.01eVv-0.1eVv
0.1eV-1leV
leV-10eV

10 eV -100eV
100 eV - 1 keV

1 keV -10 keV
10 keV - 100 keV
100 keV - 1 MeV

B.l.F. for sample B.l.F. for sample

©=1cm
[%0]

24.47% 0.097
26.20C: 0.110
26.40H- 0.208
26.45% 0.412
25.595t 0.814
24272+ 1.946
25.2021.421
29.934+ 1.544

@=2cm
[%0]

67.874 0.111
71.882t 0.120
72.186+ 0.226
71.291 0.046
70.653t 0.094
69.708t 2.428
70.344+ 1.726
75.329 1.603
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Figure 133. Relation between the Gaussian width obtained by fitting trenbprofiles and
the neutron energy.
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Figure 134.Beam interception factor for different sample radii.
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54 2012

5.4.1 24 March 2012

Table 23. Details of the measurement performed off'2arch 2012.

Configuration TOF distance of 183.74 m
Runs 13518, 13519, 13520, 13521, 13522, 13523, 13524, 13525,
13526, 13527, 13529, 13530, 13531, 13532, 13533
Protons 2.60463e+17
Converter thickness 2um
Mesh Voltage 330V
Drift Voltage 400 V
6 .
2 I image2D_neut
B:L-)/ 4 N Mean x0.9807 + 0.0003843
5 C Mean y-0.104 + 0.0004065
:_cz 2 ; RMS x 0.714 + 0.0002717
] B RMS y0.7552 + 0.0002874
5 o
HE 10°
- 102
4
C 10
ST 0 2 a2 s !

Horizontal of EAR (cm)

Figure 135.Beam imagejMegas detector seen in the reference system of the EAR.).
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Again, the following pictures show the comparison between the beam profile
for different neutron energy ranges and simulations performed by ithéKA [19]
group in n_TOF. The fit is superimposed. Statistical panels report théadéspent
of the beam profiles along the reference axis, but all experimentaéswake shifted
so that their peak position coincides with that of the simulated ones they drermtma to.
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Figure 136.Beam profile in the energy range between 0.025 eV and 0.05 eV.
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Figure 137.Beam profile in the energy range between 0.05 eV and 0.1 eV.
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Figure 138.Beam profile in the energy range between 0.1 eV and 0.22 eV.
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Figure 139.Beam profile in the energy range between 0.22 eV and 0.46 eV.
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Figure 140.Beam profile in the energy range between 0.46 eV and 1 eV.
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Figure 141.Beam profile in the energy range between 1 eV and 2.15 eV.
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Figure 142.Beam profile in the energy range between 2.15 eV and 4.64 eV.
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Figure 143.Beam profile in the energy range between 4.64 eV and 10 eV.
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Figure 144.Beam profile in the energy range between 10 eV and 21.54 eV.
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Figure 145.Beam profile in the energy range between 21.54 eV and 46.42 eV.
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Figure 146.Beam profile in the energy range between 46.42 eV and 100 eV.
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Figure 147.Beam profile in the energy range between 100 eV and 215.44 eV.
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Figure 148.Beam profile in the energy range between 215.44 eV and 46¥.16 e
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Figure 149.Beam profile in the energy range between 464.16 eV and 1 keV.
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Figure 150.Beam profile in the energy range between 1 keV and 2.15 keV.
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Figure 151. Beam profile in the energy range between 2.15 keV and 4.64 keV.
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Figure 152. Beam profile in the energy range between 4.64 keV and 10 keV.
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Figure 153. Beam profile in the energy range between 10 keV and 21.5 keV.
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Figure 154.Beam profile in the energy range between 21.5 keV and 46.4 keV.
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Figure 155.Beam profile in the energy range between 46.4 keV and 100 keV.
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Figure 156.Beam profile in the energy range between 100 keV and 215.4 keV.
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Figure 158.Beam profile in the energy range between 464.15 keV and 1 MeV.

Table[Z4 reports the widths of the beam profile obtained by the fit as a foraftibe
neutron energy, while in Fig._ 159 the corresponding plots are shown.

Table 24.Fit parameters. A 2D Gaussian fit was considered.

Energy range Oy o0y oy doy X
[cm] [cm] [cm] [cm]

0.0215443 eV - 0.0464159eV 0.6788 0.0007 0.7079 0.0007 7.38

0.0464159 eV - 0.1 eV 0.6542 0.0006 0.6944 0.0006 10.10
0.1eV-0.215443 eV 0.6377 0.0007 0.6635 0.0007 7.73
0.215443 eV - 0.464159 eV 0.6339 0.0007 0.6470 0.0008 6.74
0.464159eV-1eV 0.6340 0.0008 0.6424 0.0009 5.51
1eV-2.15443 eV 0.6360 0.0010 0.6434 0.0010 4.32
2.15443 eV - 4.64159 eV 0.6404 0.0012 0.6457 0.0012 3.68
4.64159eV-10eV 0.6409 0.0014 0.6462 0.0014 3.16
10 eV - 21.5443 eV 0.6452 0.0017 0.6552 0.0017 2.46
21.5443 eV - 46.4159 eV 0.6525 0.0021 0.6594 0.0021 1.99
46.4159 eV - 100 eV 0.6558 0.0025 0.6665 0.0025 1.64
100 eV - 215.443 eV 0.6656 0.0031 0.6759 0.0031 1.31
215.443 eV - 464.159 eV 0.6765 0.0038 0.6885 0.0039 1.07
464.159 eV - 1 keV 0.6787 0.0046 0.6928 0.0047 0.87
1 keV - 2.15443 keV 0.7078 0.0058 0.7074 0.0058 0.81
2.15443 keV - 4.64159 keV 0.7006 0.0068 0.7142 0.0070 0.65
4.64159 keV - 10 keV 0.7389 0.0179 0.7330 0.0178 0.16
10 keV - 21.5443 keV 0.7085 0.0149 0.7552 0.0165 0.19
21.5443 keV - 46.4159 keV 0.7520 0.0153 0.7659 0.0156 0.22
46.4159 keV - 100 keV 0.7039 0.0121 0.7284 0.0128 0.25
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Figure 159. Relation between the Gaussian width obtained by fitting trebprofiles and

the neutron energy.

Table[Z25 reports the beam interception factor experimentally obtained feredit

sample radii and Fig_ 160 shows the corresponding plots.

Table 25.Beam interception factor calculated for 2 samples of diff¢idiameters.

Energy range

B.I.F. for sample B.I.F. for sample

@=1cm @=2cm
[%0] [%0]
0.0215443 eV - 0.0464159 eV  25.0850.054 74.904+ 0.067
0.0464159 eV -0.1eV 25.53k 0.048 76.010+ 0.059
0.1 eV -0.215443 eV 26.36% 0.057 77.928t 0.068
0.215443 eV - 0.464159 eV 26.6150.066 78.783t 0.077
0.464159eV -1eV 26.504 0.077 78.659+ 0.090
leV-2.15443 eV 26.636- 0.092 78.464+ 0.108
2.15443 eV - 4.64159 eV 26.4200.110 78.242+ 0.130
4.64159eV-10eV 26.391% 0.133 77.930t 0.158
10 eV -21.5443 eV 26.17% 0.161 77.898t 0.193
21.5443 eV - 46.4159 eV 25.9770.197 77.640t 0.239
46.4159 eV - 100 eV 26.074 0.242 77.114+ 0.295
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100 eV - 215.443 eV
215.443 eV - 464.159 eV
464.159 eV - 1 keV

1 keV - 2.15443 keV
2.15443 keV - 4.64159 keV
4.64159 keV - 10 keV

10 keV - 21.5443 keV
21.5443 keV - 46.4159 keV
46.4159 keV - 100 keV
100 keV - 215.443 keV
215.443 keV - 464.159 keV
464.159 keV - 1 MeV

26.024 0.299
25.495 0.365
24.975 0.448
25.292 0.533
26.45 1.055
24.61% 1.055
26.22¢ 1.086
25.601 1.052
25.776 0.963
26.794 1.182
28.3281.081
25.316: 4.975

77.236t 0.366
76.045t 0.456
75.716t 0.573
75.065t 0.690
77.617 1.358
74.18H 1.395
75.480t 1.410
74.608t 1.393
75.155+ 1.223
77.814+ 1.422
82.288t 1.115
72.152t 5.666

Fig[161 reports the ratio between the experimental and simulated bif, aftealima-
tion of the experimental bif at the value of the simulated bif at the energy oM.9 e
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Figure 160.Beam interception factor for different sample radii.
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Figure 161. Ratio between the experimental and simulated (FLUKA) Bfterathe exper-
imental results had been normalized to the simulated on#f®eienergy bin containing the
4.9 eV Au resonance.
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6 Second beam profiler: PXMG-MicroMegas at n_TOF

6.1 Detector description

A new micromegas detector with a pixelized anode was built in 2012 to replagedahe
vious beam profiler and correct this way for the non flatness of the nféss."PXMG-
micromegas" is a circular bulk of 5 cm diameter, with an anode to mesh distanat eq
to 128um. The mesh is in stainless steel, while the vacrel in the bulk is supplanted by
pyralux. Each quarter of the detector is divided in 77 pixels. The intdrpiséance is

150 um and the pixel pitch measures 2.5 mm, allowing a resolution of/2.3/= 0.67

mm as a function of the neutron energy determined by the time of flight.

The detector is equipped with the samem 1°B,C thick converter deposited on a
kapton (12.5um) coppered (1um) foil as in the previous years (see Hg. 1162). The
bulk lays on a PC board in glass epoxy and is encapsulated in the cylinchiaalber
employed in the past, filled again with gas (88% Ar and 10% &fd 2% isobutane) at
atmospheric pressure.

Figure 162. 2 um '°B,C thick converter deposited on kapton (12:%) coppered (um)
foil.

The left panel of Fig. 183 shows the bulk mounted on the PCB. The pixelsible,
as well as the soldering and pistes corresponding to 2 raws of conmacavery quarter
of the detector. The central picture of Hig. 163 is a photo of the backopaine PCB,
while the right panel shows the pistes for the readout.
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Figure 163. Left panel: detector mounted on the PCB. Central panel: batekof the PCB.
Right panel: pistes for the readout of the signals inducebérpixels of the anode.

6.2 Electronics

As in the past, the readout of the signals induced in the anode is carribg entploying

gassiplex cards (see Fig. 164). Each gassiplex card accomodats@iaeyachips, and is
predisposed for 2 connectors. The chips are the same as in the pashatrréported in
§4.2 still holds. Each one of the 2 male connectors has 3 rows of 24 pies€Ftral row
is for the ground reference, while the external ones carry the ele@rials. Therefore
every male connector can be used for the readout of 48 pixels, meaatranthgassiplex
card can read up to 96 pistes. For semplicity, since each quarter of tltodétedivided

in 77 pixels, one card is used for the reading them. 19 pins (96-77) $sifgax card are
therefore not used.

Figure 164.Gassiplex card.

When analyzing data it is necessary to know exactly which pixels is corthézte
which pin of which card, in order to be able to reconstruct the position gbitted show-
ing a signal and build the beam image. Such mapping is called decodinf. Bight®'s
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the correspondence pixel/pin for a quarter of the detector an@ Fip epééts the decod-
ing.

o o
4 4

Figure 165. Pistes connecting pixels and pins in one quarter of the PXi@aor.
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Figure 166. Decoding (it applies specularly in each quarter of the detgc

The electronic chain to process the signals is the same as the one discu
but adapted for 4 gassiplex cards instead than for 2.
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6.3 Analysis routines

The analysis procedure follows the same steps as for the XYMG deteaboigtthit
has been adapted for treating pixels instead of strips. Summarizing, thésdigma all
gassiplexes are recovered for every event in runs with no bearagiaddand in runs with
beam. After applying the decoding to a single event of a pedestal run,ribisrkwhich
pixel in the detector showed a signal of a certain amplitude. By analyzing evergs of
the pedestal run, a distribution of the amplitudes shown by a particular pigbtasned
and by fitting that with a gaussian function, the mean level of the electronie imothat
pixel and its standard deviation are extracted. All the remaining 76 pixelseated the
same way, to detrmine their pedestal level.

For events in beam presence, raw data are analyzed bit after bit. Thesigeal is
looked for and, if found, its characteristics (time, amplitude, width and amea¥tored
for further processing. At the same time also the gassiplex movies are imkyy
analyzed. The time start of every movie is kept in memory for every evehgjassiplex
number (which identifies the quarter of the detector to which the movie refeggther
with the 77 reconstructed (i.e. rebinned) amplitudes of the signals detecteerynpexel
and their correspondent position in the space, which is determined thathksdecoding.
When all events have been processed, a loop on the retrieved pieicdsrofation is
performed in order to look for coincidences among the time signals in the phlgases
and in the mesh. Those movies in the mesh that do not appear to be in coiecidénd
movies in the 4 gassiplexes are discarded. In the opposite case, the moeieiesh and
in the 4 gassiplexes are grouped together, being part of the same eigefl6F shows
the reconstruction of one event.

Figure 167. Example of a reconstructed event.

The following step consists in an analysis of the reconstructed eventdyyooee.
If, in an event, the signal induced in a pixel shows an amplitude higher tisaanslard
deviation of its electronic noise (after pedestal level and offset sulamgcsuch signal is
considered to have a good probability to have been triggered by a dhzagécle created
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in the reaction betweelB and the converter and its amplitude, time and position in the
detector are stored as part of a possible cluster. When all pixels hemérvestigated for
an event, the signals registered as part of a cluster are sorted oagiagramplitude. At
this point the pixel showing the highest signal amplitude is considered as artampef-
erence and the relative distance from this position to the position of the piowiisg the
second highest amplitude is calculated. If the distance is smaller than a pesbediue,
the pixel showing the second highest amplitude becomes the referentieeatidtance
from such pixel to the one showing the third highest amplitude is computedin Aifa
the distance is smaller than the same predefined value, the referencéhpixgés. In the
opposite case, the pixel (let's say the number n in the list of the sorted pixaitades) is
simply discarded and the distance between the reference one (n-1)egpidehnumber
n+1 is calculated. At the end of the procedure, one cluster is foundlbtine aiscarded
pixels are considered as possibly belonging to a second cluster. Ther@unsalysis is
therefore repeated for the pixels not belonging to the first cluster anctiertt a sec-
ond clusters can be found. The center of charge of the 2 clusters isutethput it was
chosen to use only the first cluster to fill a 2D image of the interaction pointdegtihe
converter and a neutron. Now the beam image contains only one point. ekitelhiave
to undergo the same analysis to obtain a beam image with satisfactory statistics.

7 Measurements: PXMG MicroMegas

The detector was tested in the micromegas laboratory outside the n_TOF witinal
88% Ar and 10% CFand 2% isobutane gas mixture witt®8Cd source in September
2012. The first tests the presence of current in the mesh and the detastsent back
twice to the producer for chemical cleaning.

The final test started on ¥9September 2012. The signal was not extracted from the
anodic pixels, but from the mesh, as in all previous off-beam tests. fidrg deposited
by X-rays from'®Cd (E;=21.99 keV with {= 29.8 % and £=22.163 keV with = 56.1
% in case of total absorption) in a gas is much lower with respect to the edeppgited
by « and’Li particles in the same medium, therefore the electron mesh transparency
and gain were investigated only to check the good behaviour of the detertarot to
choose the voltage configurations allowing the best performance of tbetole

Finally the PXMG could be put in the neutron beam.
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7.1 2012
The 2012 measurement campaign lasted around 60 hours.

7.1.1 215 September 2012

Table 26. Details of the measurement performed off Beptember 2012.

Configuration TOF distance of 183.74 m

Runs 10111, 10112, 10113, 10114, 10115, 10116, 10117, 10118
Protons 4.904973e+16

Converter thickness 2um

Mesh Voltage 300V - 320°

Drift Voltage 450V

image2D_n

Mean x 0.04354 +0.0007005

N
N O

[
ul

o HH‘\\H‘HH‘HIIIIIIIlIIIIlIIH‘\\H‘HH‘HH

Meany -1.283+ 0.0006846

1

0.5

Vertical of EAR (cm)

RMS x  0.651+0.0004953

RMSy 0.6362+ 0.0004841

10
10°
10?

10

2 -15 -1 05 0 05 1 15 2 25 1

Horizontal of EAR (cm)

Figure 168.Beam imagejMegas detector seen in the reference system of the EAR.).

The beam image shows that all pixels are working.

SA voltage equal to 320 V was set in run 10111, while all other runs the witathe mesh was set to
300 V. Nonetheless here results are merged to accumulate more statistics
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7.1.2 22" September 2012

Since Fid.16B clearly shows that the center of the detector was positiondigtoahe
PXMG micromegas was lowered of few 1 and a new image was acquired.

Table 27. Details of the measurement performed ofi28eptember 2012.

Configuration TOF distance of 183.74 m
Runs 10135, 10136, 10137, 10138
Protons 3.2618e+16
Converter thickness 2um
Mesh Voltage 300V
Drift Voltage 450V
E°°F = N image2D_n
% 2? . - Mean x -0.5413 +0.000808
:_Z; 1'5; g. . Meany -0.5759 + 0.0008468
'g é RMS x  0.624 +0.0005713
> 05 E_ RMSy 0.6539 + 0.0005988
oF
05 10°
e m| C
.15 ? 10°
2F- - 10
255 é”.‘1‘.5"‘.'1'".6'.15"'6"'6.5.""”“””“”‘ !

1 15 2 25
Horizontal of EAR (cm)

Figure 169.Beam imagejMegas detector seen in the reference system of the EAR.).
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7.1.3 23" September 2012

On the basis of the beam image acquired the night of tHé S2ptember 2012, the
detector was moved 5 mm down and around 7 mm left.

Table 28. Details of the measurement performed off23eptember 2012.

Configuration TOF distance of 183.74 m
Runs 10151, 10152, 10153, 10154, 10155
Protons 3.53792e+16
Converter thickness 2um
Mesh Voltage 300V
Drift Voltage 450V
E*°F = . image2D_n
% 2 ; . Mean x -0.3275 +0.0007626
“_g 1‘51 g. Mean y-0.01942 + 0.0008102
g E RMS x 0.6164 + 0.0005393
> 05 ;— RMSy 0.6548 + 0.0005729
°E
05F 10
1 ;l n 10°
-1.5F 10%
2F | 10
'2'-52.75 é -f.s -5.5 6 05 1 1.‘5 é 25 L

Horizontal of EAR (cm)

Figure 170.Beam imageyMegas detector seen in the reference system of EAR.).

The center of the detector now sees the center of the neutron beam.
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7.1.4 24™ September 2012
A further image was acquired to have more statistics.

Table 29. Details of the measurement performed off'&eptember 2012.

Configuration TOF distance of 183.74 m
Runs 10164, 10166, 10167, 10168, 10169
Protons 2.74309e+16
Converter thickness 2um
Mesh Voltage 300V
Drift Voltage 450V
E°°F = . image2D_n
% 2 ? - Mean x -0.2904 +0.0008547
L; 1.5; g. Mean y-0.01939 + 0.0009106
£ = B | Rvsx 06143 +0.0006043
> 05 ;— RMSy 0.6545 + 0.0006439
0
E 10
0.5
10°
1il |
15F 102
2F E_=Em B 10
2555

-15 -1 -05 0 05 1 15 2 25
Horizontal of EAR (cm)

Figure 171.Beam imageMegas detector seen in the reference system of EAR.).

Since the detector was in the same position the night of tHeS&ptember 2012 and
the night of the 2u September 2012, the data can be summed, in order to have more
statistics for the analysis of the beam interception factor.
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7.1.5 23" + 24" September 2012

Fig[d172 reports the cumulative beam image.

E*°F W u image2D_n
% 2 ; Mean x -0.3111+0.0005693
E 15 ; Mean y-0.01941+ 0.0006053
g 1 ? . RMS x  0.6157 + 0.0004025
= 05 RMSy  0.6547 £ 0.000428
i
05F 10°
_1E.- um 10°
A5 10?
2F . 10
255505 1. 05 0 05 115 2 25 !

Horizontal of EAR (cm)

Figure 172.Beam imageMegas detector seen in the reference system of the EAR.).

Fig[173 shows the beam profile experimentally obtained by considering wttome
energies, compared with the usual Gaussian fit and FLUKA simulationsrpezfl in
CERN. The study of the beam profile for 0 neutron energy bins is natrteg because
of the visibly low granularity of the detector.

X_Projection Y_Projection
10° x10°
2507
L Exp 220 C Exp
B 200 .
Mean -0.0720 + 0.0006 C Mean -0.0215 + 0.0006| i
200 ; a 0.6176 + 0.0004 180 | o 0.6555 + 0.0004
B Sim 7 160 ; Sim
150 : Mean  0.0466 + 0.0003 7 140 i Mean 0.1274 + 0.0003 ‘A 7&
1 o 0.6195 + 0.0002 F| o 0.6195 + 0.0002 \
C : - ‘f 120 :
| Fit = Fit L ¥
L 77 100
100 Mean  -0.3252 + 0.0006) - Mean  -0.0190 + 0.0006 \
| o 0.6076 + 0.0004 80 } o 0.6444 + 0.0004 Y
N 60 /
sof aoF A= \|
- 20 7?L N
g 5 2 1.5 1 0.5 0 0.5 1 15 2 25 —%.5 -2 -1.5 -1 -05 0 0.5 1 1.5 2 25
Horizontal of EAR (cm) Vertical of EAR (cm)
Figure 173.Beam profile for all neutron energies.
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As already pointed out, the granularity of the detector is quite low. In ordexttact
the beam interception factor therefore the following steps were perfotmoéd for
experimental data and simulations (FLUKA).

1. a 2D grid of 0.5 mm pitch square side was created and filled it up usingatadgmn
routines

2. the peak coordinates of the beam profile in the 1-10 eV region wereddok

3. the 2D histograms was integrated within a circle of the sample diameter araind th
peak (diameters of 1 cm and 2 cm)

4, the 2D histograms was 0 within a circle of 4 cm around the peak

5. the BIF was derived as the ratio of the integrals calculated in 3) and 4)

In order to match the beam experimental and simulated beam interceptionifiettior
energy region containining the 4.9 é¥ Au resonance, the experimental b.i.f. was scaled
by 0.92, 0.94 for 1 cm and 2 cm diameter, respectively. Table 30 repertathes of the
bif in different energy bins before normalization, while Eig.174 graphicsitigws such
results. In Fig.174 the ratio of BIF(data)/BIF(MC) was calculated, a#taormalization
of the experimental data at the 4.9 &¥Au resonance.

Table 30. Experimental beam interception factor calculated for 2gasof different diam-
eters.

Energy range B.I.F. for sample B.I.F. for sample

@=1cm @=2cm
[%0] [%0]
0.0215443 eV - 0.0464159 eV  23.5330.019 68.653t 0.021
0.0464159 eV - 0.1 eV 24.10F% 0.017 69.88H 0.018
0.1eV-0.215443 eV 25.14% 0.020 72.165+ 0.021
0.215443 eV - 0.464159 eV 25.5870.023 73.398t 0.024
0.464159eV-1eV 25.844 0.027 73.739 0.027
leV-2.15443 eV 25.874 0.031 73.914+ 0.032
2.15443 eV - 4.64159 eV 25.83D00.037 73.714 0.038
4.64159eV -10eV 25.704 0.044 74.000t 0.045
10 eV - 21.5443 eV 25.614 0.052 73.60H- 0.054
21.5443 eV - 46.4159 eV 26.1280.064 74.179 0.065
46.4159 eV - 100 eV 25.73F 0.077 73.85H- 0.079
100 eV - 215.443 eV 26.318 0.094 74.056+ 0.096
215.443 eV - 464.159 eV 25.7320.114 73.316+- 0.119
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464.159 eV - 1 keV 25.40# 0.138 72.723t 0.145

1 keV - 2.15443 keV 25.119 0.153 72.186t 0.163
2.15443 keV - 4.64159 keV 25.9/80.252 72.304+ 0.268
4.64159 keV - 10 keV 26.485% 0.393 72.266+ 0.417
10 keV - 21.5443 keV 24.36% 0.361 70.944f 0.396
21.5443 keV - 46.4159 keV 27.3880.367 72.385t+ 0.392
46.4159 keV - 100 keV 25.79F 0.321 74.383t 0.333
100 keV - 215.443 keV 24.79% 0.272 73.366 0.285
215.443 keV - 464.159 keV 27.2940.226 74.500t 0.225
464.159 keV - 1 MeV 29.156- 0.181 77.226+ 0.170

= 1g -

3 K Exp bif- 2 =1 cm

S 09: --- Simbif-@=1cm

E Exp bif - & = 2 em

EO-S -~ - Simbif-@=2cm
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Figure 174. Comparison between the simulated (FLUKA) and experiméygam intercep-
tion factors for different sample diameters. The experitaleresults are normalized to the
simulated ones in the energy bin containing the 4.9%€¥u resonance.

134 145

Internal report
IRFU-14-07



1.15

LL )
E Ideal rafio
E. ExpsSim- =1 ecm
o 1.1
. ExpsSim - &= 2 em
LL
o
21.05 1]
L
1

0.95

0.9

0.85 I\I‘III\‘IIII‘I\II‘I\I\‘Ill\ll\l\ll\l\

2 -1 0 1 2 3 4 5 6
Log(E )

Figure 175. Ratio between the experimental and simulated (FLUKA) Bfterathe exper-
imental results had been normalized to the simulated on#f®ienergy bin containing the
4.9 eV Au resonance.

Fig.[175 shows an agreement within 3% between the simulated and experibhigntal
the energy region ranging from 1 eV to 1 keV. At low neutron energiepitegence of the
PCB alters the bif while at high neutron energies more statistics is neededefdréed
results for the bif are moreover affected by the uncertainty introducethwhssing from
a real 2.5 mm pitch device to a 0.5 mm grid in order to increase the granularitg of th
detector.

8 Observations

All along the report, the experimental data were compared to FLUKA simulatidas
explained in B4.4]2 the detector itself and the PCB alter the beam profile. faiteeie
order to be able to extract the beam interception factor from the experindataaone of
the two following methods could be used:

* minimization of the material composing the detector and, where not possible, re
placement of low Z materials with higher Z materials.

« determination of the blurring of the beam image caused by the material corgposin
the detector under neutron irradiation.
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Figure 176. Expected response to a monochromatic pencil like neutrambe

The first option, thought challenging, is the safest, since it solves thH#epnoat its
roots. The second option is feasible, thought more tricky. The idea lyingdehthat
once the blurring level is known, it can be corrected for. More in det&igsmonochro-
matic pencil like neutron beam travelling along the z direction towards a suljatgy
in the xy plane, strikes it in the position (X,y)=(0,0), in a 2D histogram regprisg the
beam image a single column at such position is present, as [0 Hig.176, and ftsikeig
proportional to the number of shot neutrons.

In other words, the answer to a monochromatic pencil like neutron beamsémed
of the 1°B converter, micromegas detector, and PCB, is a Dirac delta funétidhthe
neutron monochromatic pencil like neutron beam instead strikes a conietter po-
sition (x,y)=(0,0), charged particles are created and emitted in directiongeglby the
kinematics of the reaction. Things get more complicate because of the peesktine
gas, of the PCB, and because of the center of charge analysis. Indhthe response
to the initial monoenergetic pencil like neutron beam results to be approximathlew
bidimensional Gaussian function centered in (0,0) and with widtrendc, determined
by the previously listed factors. In symbols, we passed #@D0) to a G(03,,0,0,). For
simplicity let's reduce to the generic monodimensional case:

5(x) — G(x,0%) 4)

It is known that

G(x,0¢) = x-G(1, %)
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Therefore, ifo, is known for a certain neutron energy, in principle it is possible to
apply a deconvolution to every point x and reverse the arrdw of 4:

G(x,0y) — 5(x) (5)

Of course this operation should be performed for every neutron g@erd incident
angle, thought in a first approach we can discard the last factor aggthmirthe opening
angle of the neutron beam is small.

Since usually the results presented in this report were given in 3 binsegpadd
and spanned on 8 decades (from 0.01 eV to 1 MeV), as a starting polBE2dNT4
simulations were performed. In all simulations the geometry is the same (implementation
of the detector and PCB) and the incident particles are monochromatic neutrons
in a pencil-like beam. The energy of the incident neutrons differ from sitonlgo
simulation and is simply chosen so that it belongs to one of resulting 24 engrgly b
The results of the simulations were treated exactly as the experimental resutle f
XYMG detector and 24 beam images were obtained. The choice of analymmyents
generated from GEANT4 as the data of a detector with strips in orthogameaitions
and not pixels, is only due to the fact that at the time the simulations were started,
validation for the strip configuration had been already performed (ce#). 84

Fig[177 - Fid.17B show the blurring in the beam image introduced by the mesén
the detector and its PCB when a monochromatic pencil-like neutron propagatingn-
dicularly to the converter, strikes it in the center. Unfortunately, the actatetustatistics
is really low. More computing time is needed for acceptable results.
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Figure 177. Simulated (GEANT4) Figure 178. Simulated (GEANT4) re-
response to a 0.013 eV pencil like neutron sponse to a 0.023 eV pencil like neutron
beam beam
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Figure 179. Simulated (GEANT4)
response to a 0.048 eV pencil like neutron
beam

Figure 180. Simulated (GEANT4) re-
sponse to a 0.13 eV pencil like neutron
beam
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Figure 181. Simulated (GEANT4)
response to a 0.23 eV pencil like neutron
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Figure 182.

Simulated (GEANT4) re-

sponse to a 0.48 eV pencil like neutron

Figure 183. Simulated (GEANT4)
response to a 1.3 eV pencil like neutron
beam
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Figure 184. Simulated (GEANT4) re-
sponse to a 2.3 eV pencil like neutron beam
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Figure 185. Simulated (GEANT4)
response to a 4.8 eV pencil like neutron
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Figure 187. Simulated (GEANT4)
response to a 23 eV pencil like neutron

beam
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Figure 186. Simulated (GEANT4) re-
sponse to a 13 eV pencil like neutron beam
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Figure 188. Simulated (GEANT4) re-
sponse to a 48 eV pencil like neutron beam
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Figure 189. Simulated (GEANT4)
response to a 130 eV pencil like neutron
beam

Figure 190.

Simulated (GEANT4) re-

sponse to a 230 eV pencil like neutron beam
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Figure 191. Simulated (GEANT4)
response to a 480 eV pencil like neutron
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Figure 193. Simulated (GEANT4)
response to a 2.3 keV pencil like neutron
beam
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Figure 195. Simulated (GEANT4)
response to a 13 keV pencil like neutron
beam
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Figure 192. Simulated (GEANT4) re-
sponse to a 1.3 keV pencil like neutron
beam
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Figure 194. Simulated (GEANT4) re-
sponse to a 4.8 keV pencil like neutron
beam
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Figure 196. Simulated (GEANT4) re-
sponse to a 23 keV pencil like neutron beam
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Figure 197. Simulated (GEANT4)

response to a 48 keV pencil like neutron

beam
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Figure 199. Simulated (GEANT4)

response to a 230 keV pencil like neutron

beam
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Figure 198. Simulated (GEANT4) re-
sponse to a 130 keV pencil like neutron
beam
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Figure 200. Simulated (GEANT4) re-
sponse to a 480 keV pencil like neutron
beam
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9 Conclusions

The “XY-micromegas” detector has been successfully used at the nfacdiy to va-
lidate the beam position with respect to sample targets, to study the beam prdfile a
extract the beam interception factor. Simulations performed by the n_ TOKAIgroup
were compared to experimental results, showing a good comprehensieooilimation
system of the facility. The detector anyhow suffered from a fabricatefad. It was in
fact conceived to be one of the first prototypes:@ulk with readout in 2D, but failed.
The readout was saved and glued on a PCB, and a bulk was built omeadibut. As a
consequence of heating up materials with different dilation coefficientst #at mesh
was obtained.

A new bulk detector, with a pixelized anode, was built and used as bediitepro
The new “PXMG” perfectly worked, but the discrepancy between tipegmental beam
interception factor and the one obtained by FLUKA simulations performed&NCin
some energy regions, reaches and even depasses, 6% and mordedbier analysis (the
report is organized in a logic order, not chronological. In reality all BHA simulations
were in fact performed after the analysis of the XYMG data and befat@aring the one
of the PXMG data) it was observed that the presence of the PCB waglgtoamtributing
to a distorsion of the expected beam interception factor.

A new beam profiler has been designed, paying high attention to the matedget
Important efforts have been done in order to minimize the presence obdwmlin the
overall structure.
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