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Source and Collimation

Background

The elements that we are made of, specifically We used ref. [3] to help us select a source with multiple high S 10°F ey Tracing Figure 5: This graph is
those heavier than iron, can be formed in intensity lines in our range of interest, making sure there aren’t IL_Q from a ray tracing
supernova explosions and observing these any high energies that are too intense to shield. 25mCi of “!Am  =_,| code designed to
environments will tell us more about how was chosen because of its favorable gamma-ray lines and this g simulate a collimator
those elements are created. The amount will give us approximately 1 billion decays per second. Cé 1 0'4i with slits of different
Superconducting Titanium Imager (SCOTTI) The table below shows the most intense emission lines, what ‘;g thicknesses and
has a goal to map the 68 and 78 keV emission kind of particles are emitted, and their energies. The a particles & i diameters. The code
Figure 1: Cassiopeia A, each from decays of 44Ti and hopes to obtain an will not be an issue because they are easily shielded. s calculates the
color represents a different  order of magnitude improvement in spectral , .4 Levels  possible coincidence with (keV) / g 10'8§ . . . thickness of Tungsten
element [1]. resolution using Transition Edge Sensor (TES) et niensity () TYPE O’ giare* gnd*  Possible sum of (levels) o 0.5 0 05 ' along each line of
detectors. To optimize the spectral resolution, we will look at the s s R Ll S Detector Spot Size [mm} sight. Using
uniformity across a detector. This project presents the design for a jzzzoig” ?Z:z EZ; th :EZZ S absorption data from NIST XCOM [4] we calculated the
ﬁamma.ray collimator that .Wi.ll allow us to study uniformity with a et T et L 5o Am2al o004 fraction of 60 keV photons transmitted along each line in Figure 10: Isometric view of collimator attached to Thor Labs Linear
nown isotope source by hitting a small spot on the detector. 13.852 (-)  13.02 (10) Xla Np-237 order to calculate the shape of the spot on the detector. _ _ _
TR T T—— XZ stage Assembly [7]. The vertical stage has a maximum vertical
26.3446 (2)  2.31 (8) v Np237 2 1 load of 10 kg, which is a factor of 3 larger than the weight of the
TE S D ete Ct() I'S Table 1: 241Am alpha, gamma-ray, and x-ray lines [3] collimator assembly which is 3387 grams.
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between superconducting and —eokev|  Figure 6: This graph
normal conducting. Thermally , oot shows the effectiveness of
Super , Coupled to the detector is a tin §10 tungsten in Shie]ding : B
Conducting /| absorber and when a photon a photons of 3 different 5343003
. > strikes this absorber and the g 10™ energy levels and oo
Temperature . o gy 1.671e-03
Figure 2: TES biased at superconducting temperature changes, there is an é o6 intensities. We chose I::j:
transition t ture. increase in resistivity and a dro e tungsten because it has a _ o _ _ _
FAnSIHOn PRI in current. This Curr}e,nt drop is P - hig}% density and a high Figure 11: This figure shows the deformation of the collimator while
what is related back to the photon energies of our isotope source. 10'8_ | atomic number which it is attached.to a part intended to ac’F as the XZ stage. The calculation
5 g8 1 418 @ 58 B makesit g00d for A . shows a maximum sag of the the collimator to be 0.01mm , an order
"~ Tungsten Thickness [cm] shielding. Unlike . of magnitude smaller than the pinhole size. Having such a wide range
Figure 3: a) TES detector, lead, it is non-toxic and has mechanical properties similar to = == [Bedew” 32?5?2;;3::2;:;22 godriiﬁr(l:(l)l‘fti;zlludrilrfhi}?érrcl(l)lllﬁ ‘rtilzrtlif)(r)l te};gments
labeled MoCU film steel. Using NIST XCOM [4] and a specific Tungsten alloy from ref. . ’ . - o ] 5 ’
b) Array of detectors and 5] we were able to calculate how much tungsten we would need Figure 7: Dimensioned drawing of the source holder however they only accounted for ~100g out of the overall ~3kg
TESs [2]. to shield the strongest high energy lines made of tungsten with 2cm shielding the source in all weight so it is likely their weight will not have a large impact.

directions.
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Pictured left we can see that Pin holes for disk | DT A“_ P, '| s
having several disks rather alignment onto \ 2o T 5 o —————— | E—| S —— | — ft_
than one long tube with a rods. -~ [ ) - il 22000 s L . T T D e References
Figure 4a. 2D view of photon scattering small hole is better for N Q" VAN ool -4 T e et st 1 M
. . . ] . . | . . . b L
in collimator with one long hole. Colltl.m altlrll.% photonS£ Pﬁllvmg / 1] B.W. Grefenstette et al. Nature 506 (2014) 339.
vertical slits prevents the - |
photons from scattering off ©0.20 | B2.00 A 2] D. Bennett et al. Rev. Sci. Inst. 83 (2012) 093113
the inside of the collimator Smallest pin hole for ~7.50~ Pin holes for screen Figure 9: Collimator assembly with dimensioned separations 3] NUCLEIDE-LARA on the Web Gl(201 8),
like in 4a. The design in 4a collimation. alignment onto disk. between collimation elements. Separation and alignment of these www.nucleide.org/Laraweb/index.php.
would also be difficult to Figure 8: Dimensioned drawing of screen and disk slits is extremely important in achieving the desired spot size. I[)‘fl]ygléTn)i(gtOé\gi’ %ﬁ’gﬁﬁ%ﬁ%@%&g%%ﬁ%ﬁcom1 Lol
Figure 4b. 2D view of collimation using fabricate, as it requires assembly. Figure 5 helped determine how many of these Each slit is aligned with one another by two stainless steel pins, o o | |
multiple slits with small pin holes. cutting an extremely small subassemblies we would need, their thicknesses, and being kept a specific distance apart with separators. Because our 319;91\3;2%“ Tungsten Service.” Tungsten Products, Services, and Technical
hole in a long and thick piece center hole diameters to produce a 0.2mm spot size. We goal is a spot size of 0.2mm, we had to ensure we would be able WVéVDV-'t““gﬁte“'C%%‘/-?\%%i%ﬁﬂ?%%ﬁq1B?&)%(ARliAi%&T)ﬁql\é%‘E}\SLZZBq .
of material. chose to make these two separate parts, so we could to fabricate these parts and create the hole sizes we needed. This A )emsbown ALl wimviMTzQexoMClaAg W-We
* Detectors located inside cryostat, 30cm from window. have a thick supporting disk and still be able to get the type of precision can be achieved with laser cutting, which cuts %ﬁ{ﬁfﬁi},"&ﬁ%ﬁ?{;ﬁﬁﬁ“te%hFr?(?fSé?etéc}?aggmﬁfﬁn@/’ n Metal Parts,
»  Radiation Safety - Thickness of shielding. small center pin hole we need. The screen is aligned onto features as small as 15 microns on thicknesses as large as 635 L : ‘1 I : . (5OVM .) R g, o .
o ; : : . B()- . . . . . - inear Translation Stages: m) Travel, Manual, Crossed Roller
5 gozur;(;ﬁ Z\SB}E Sir;irgﬂ ilﬁleezggelagerr%t' >0-100keV. the disk using two pins and will be attached using epoxy. ~ MITONS [6]. earings, www.thorlabs.cgm/newgrouppage9.cfm?objectgroup_id:Z295.
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