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The Cyclotron Institute's Radiation Effects Facility provides a convenient and affordable solution to commercial,
governmental and educational customers in need of studying, testing and simulating the effects of ionizing
radiation on electronic and biological systems. The facility features a dedicated beam line with diagnostic
equipment for complete dosimetry analysis and beam quality assurance. A beam energy degrader system
allows for a change of linear energy transfer (LET) without cyclotron re-tuning or target rotations. As a part of
the Cyclotron Institute the facility is fully staffed, and includes electronic and machine shops that are readily
available for customer assistance.

The Cyclotron Institute's K500 superconducting cyclotron in combination with an advanced ECR ion source
allows for the acceleration of ions to energies as high as 60 MeV per nucleon. Featured at the facility is a set of
15 MeV/u ion beams. These beams provide a broad LET range of 1 to 93 MeV+.cm?/mg in silicon at normal
incidence and allow for quick ion changes. For greater range needs, two sets of higher-energy beams (24.8
MeV/uand 40 MeV/u) are also available.

In-Air Test Station

With our high-energy beams it is possible to conduct testing in air.
An in-air test station is installed at the end of our dedicated beam
line. The station consists of a 10” x 10” removable mounting frame
attached to a 15” diameter platter capable of supporting up to 40
Ibs. Positioningin x, y, and z directions in addition to rotations in the
plane of the target (8) and about a vertical axis (¢) are computer
controlled. In most cases targets may be positioned as close as
one centimeter from the beam exit window. Target position
verification is provided by the means of a CCD camera aligned with
the beam path. The in-air test station offers several advantages
compared to vacuum-chamber testing. These advantages include
quick setup changes, shorter cabling with no vacuum feed-
throughs, and ease of heating and cooling.

Vacuum Test Chamber

Avacuum chamber is also available for radiation testing. The
chamber has an inside diameter of 30” and a height of 30”.
Inside the chamber is a target mounting fixture measuring 10”
x 10”. Movement of the frame in x, y, z, and 0O directions is
computer controlled. Pumping time to an operating pressure
in the low 10 Torr range is approximately ten minutes, while
the chamber vents in two and a half minutes. Target position
verification is provided by means of a CCD camera aligned
with the beam path. The size of the exposed area (up to 1.5”
x 1.5”)is controlled by a pair of remotely adjustable horizontal
and vertical slits. Five 50-pin hermetically sealed D-shell
male connectors and 19 BNC connectors are provided for
communication with the devices under test.

Please visit our website at cyclotron.tamu.edu/ref for more information.



Dosimetry and Beam Qualit

Beam uniformity and dosimetry are determined using an array of s =
five detectors comprised of plastic scintillators coupled to photo- o
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The Radiation Effects Facility is located on a dedicated beam line within the Cyclotron Institute building. A
climate-controled data room is situated directly above the beam line area. This has been designed so that the
required cable lengths between the data room and the beam line area can be as short as16-feet. Astaging area
located directly outside of the data room includes tables and work benches for test preparation and set-up. Both
the staging area and the data room are wired for internet access. For your convenience, a coffee maker, full-
sized refrigerator, and microwave oven are provided. Users’equipment can be transferred to the beam line area
using a lift that is located in the stairwell descending to the beam line area and is easily accessible immediately
outside of the data room.

For beam-time scheduling and for current rates please contact Dr. Henry Clark.

Please visit our website at cyclotron.tamu.edu/ref for more information.
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LET vs Range in Silicon for 40 MeV/u Beams
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LET vs Range in Silicon for 24.8 MeV/u Beams

80
Bragg Peak
70 % 3 cm Air
hY
Y After Window
k3
60 -
IS
‘LL N
EII L
Y
= 50 = -
£ | ,
< | | ~
‘é" [ h N
% =
< 40 > s
> \""x 129% @
= ’“’\H
- L”“'-x
Ll
- k
30 - 1097¢
kY
20 =z
Y A 84K
‘!b..‘ —] l
63Cu
10 . =
40Af 20
——— I N Ne 14N
0 ﬁ__ﬁ ] ] 1 ] ] | : : | | | : I | . .
0 200 400 600 800 1000 1200
Range (um)

Revised October 2020



TEXAS A&M UNIVERSITY

cyclotron.tamu.edu/ref
phone: 979-845-1411

AlM

fax: 979-845-1899

(D)
)
D)
)
=
Vp)
i=
c
@)
| -
)
O
9
>
@)

®

Revised November 2020

Heavy lon Beams

Total Range | Rangeto | Initial Initial LET at
lon Mass (amu)] A MeV Energy in Si | Bragg Peak] LET LET Bragg
(MeV) (pum) (um) (vac) (air) Peak
*He 4.003 15 60 1449 1446 0.10  0.10 1.4
“N 14.003 15 210 422 418 1.3 1.3 6.1
“Ne 19.992 15 300 311 302 25 26 9.0
“Ar 39.962 15 599 231 217 76 79 18.7
%Cu 62.930 15 944 174 151 171 180 340
E’ ¥Kr 83.912 15 1259 170 149 254 266 414
f, “Ag  108.905 15 1634 149 113 40.0 423 594
—
2xe 128.905 15 1934 146 107 504  53.1 69.3
“pr 140.908 15 2114 154 99 558  58.4 70.8
'®Ho  164.930 15 2474 151 102 670 696 82.3
"®'Ta 180.948 15 2714 159 111 723 723 877
YAu  196.967 15 2954 159 108 780 805 944
*He 4.003 24.8 99 3523 3519 007  0.07 14
"N 14.003 24.8 347 1009 1002 0.9 0.9 6.0
ZNe 21.991 248 545 799 791 1.7 1.7 9.0
E’ “Ar 39.962 24.8 991 493 484 5.4 55 18.7
::, %Cu 62.930 24.8 1561 357 334 127 133 340
h ¥Kr 83.912 24 8 2081 332 311 193 193 410
“Ag  106.905 24.8 2651 287 260 303 316 594
®xe 128.905 248 3197 286 255 379 405 693
"N 14.003 40 560 2334 2327 0.6 0.6 6.7
E’ “Ne 19.992 40 800 1655 1647 1.2 1.2 9.7
§ “Ar 39.962 40 1598 1079 1070 3.8 3.9 18.7
N Kr 77.920 40 3117 622 602 142 141 410
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Proton Beam Line

The Cyclotron Institute's Radiation Effects Facility now offers a dedicated beam line for proton testing.
Combining an H-minus ion source with the re-commissioned K150 cyclotron, we offer protons with tunable
energiesfrom 6.3 to 45 MeV. Additional energies can be provided as low as 2 MeV with our degrader system.
Maximum flux for these beams is on the order of 1x10" particles/cm?*/s.

Dosimetry and Beam Quali

P Soswm As with our heavy ion testing beam line, we provide diagnostic

““ ‘ j "k equipment for complete dosimetry analysis and beam quality

e assurance. Test control and monitoring are conducted with the

same custom SEUSS software that is used for heavy ion testing.

Dosimetry at low flux (1x10” particles/cm®/s and lower) is conducted

using an array of five detectors comprised of plastic scintillators

coupled to photomultiplier tubes. For higher fluxes, uniformity is

first adjusted at a lower flux and then a set of four tantalum foils are

used to back-scatter protons into four additional detectors. After a

calibration measurement, dosimetry relies on these back-scattering
measurements.

e 3

In-Air Testing

Testing is conducted in air. A thin aluminum window allows the beam &
to exit the beam line with minimal energy loss. A positioning system,
identical to that used on our heavy ion beam line, is located at the exit &
of the beam line. A test frame and a platter are provided, also
identical to those of our heavy ion testing beam line. Positioning in
x,¥,z and theta directions can be controlled remotely using our
custom SEUSS software. A degrader system consisting of
aluminum plates on a rotatable wheel is available and can be used to s
change beam energy without cyclotron re-tuning.

= The proton beam line is located in the K150 cyclotron vault. A dedicated
data room is located directly above the vault. ABNC, CAT6, and serial
patch panel are available for customer use. Additional cabling can be run
| through a cable conduit between the vault and the data room. We
provide carts with 2” thick borated polyethylene on three sides to shield
equipment during testing.

For beam-time scheduling and for current rates please contact:
Dr.Henry Clark
Email: clark@comp.tamu.edu
Phone: 979-845-1411 / Fax: 979-845-1899

Please visit our website at cyclotron.tamu.edu/ref for more information.



Proton Testing at TAMU

Proton energies (tunable): 6.3-45 MeV

cyclotron.tamu.edu/ref
fax: 979-845-1899

phone: 979-845-1411

Proton energies with degraders: As low as 2 MeV
Available Fluxes: 10”to 10" (particles/cm®/sec)

Uniformity: >90% over a 1.0”, 1.5”, or 1.75”
diameter opening

In-Air testing
Remote device positioning

Convenience of testing heavy ions and protons in
the same visit
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Equipment carts shielded with Degrader wheel.
borated polyethylene.
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