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Introduction 2 - AT Operation

The Neutrino Lattice Experiment (NuLat), pictured in figure 1, is a neu- L8 - \ Currently, we have the ability to program the stepper motors to run for a
trino detector consisting of 125 plastic scintillating cubes arranged ina 5 D ¥ B “ayv— \ certain amount of steps corresponding to a linear distance travelled by

X 5 x 5 geometry based on the concept of a Raghavan Optical Lattice B | | Iy = i ™ the travel cars; on our linear actuators, 100 steps * 1 mm. We are also
(ROL), which utilizes total internal reflection to direct light along a cer- R \\F i s \& vy able to “zero” the cars to one side of its total available travel length by us-
tain path, allowing for geometric reconstructions of reactions within the <y |45 . W N ing the limit switches.

detector. The main purposes for the NuLat detector include detecting ko 'l %
electron antineutrinos from nuclear reac-
tors and searching for possible "sterile"
neutrinos, which are called so because
they do not participate in the weak force

As soon as the device is fully assembled and operational, we can run
some preliminary tests before mounting it onto the detector. One of
these tests includes situating a PMT in the center of the apparatus and
scanning the LED around to multiple x-y positions in order to find the

responsiveness of the PMT with respect to its position in relation to the

}:1}11{; ;?aenrézl;gri\r/}gzgfl r&iritg ilsl::veliiotgg_ LED. This test can also be run with the PMT stacked on a few cubes like
' P the ones used in the detector to find how much light from the LED is lost

multiplier tubes (PMTs), currently on L | N = . | ’ N 2| e = g )\ \Un _
pl ( ), YOI 1 R NN s , T after going through the cubes.
three sides of the detector, to amplify sig- fm T SIRSSETA TN g s =
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nals from positron annihilation and neu- g R NN Sl Figure 3: Top view of the moving LED calibration apparatus. After testing, the device will be ready for
tron capture resulting from inverse beta [l SIS #S=/// -l use in calibrating the PMTs on the detector.
decay. ! Before data can be taken, the BN\ SlalP o\ & . - - The b i1l be mounted ont ht f
_ Y The Movine LED Device € box WIIL be Imountea onto €ach face o
PMTs must be calibrated. This summer, | =2 - <GuiNg | 5 the detector without PMTs (figure 6), and

a.551stedd1n the desflgn, assembly,foperei.- igxteribr P aTTT———— The basic design of the device that will be used to calibrate the NuLat the LED will be able to move around to the
tion, and testing of an x-y stage for cali- detector consists of an fast LED which can mimic a scintillation event center of the face of each cube and send a

brating the PMTs on the Nulat detector. mounted on three linear actuators run by stepper motors to allow for signal which will propagate through the de- [}

travel in two dimensions (figure 3). A 300 mm length was chosen to tector to the PMTs directly across fl_‘0m and =
Background ensure that the LED would be able to reach the center of each 2.5 inch orthogonal to the cube where the signal Figure 6: Interior of the NuLat detec-

(635 mm) Cubel on one face Of the detector Wlthout needlng to move was sent. The Strengths Ofthe SlgnalS fI‘Om tor, viewed from the bottom face.
In inverse beta decay, an antineutrino is cap- the entire apparatus. the PMTs will then be read and measured

tured by a proton, resulting in a neutron and a v4+pT > n+el == TN by the detector’s data acquisition system so that the gains of the PMTs
positron3 (figure 2). This leads to the time coinci- The stepper motors are controlled by two Ada- [~ =\ can be calibrated.

dent events of positron energy deposition and an- |Figure 2: Inverse beta decay: fruit DC and Stepper Motor HAT drivers® stacked - »

nihilation and neutron capture, which make up on a 3B+ Raspberry Pi computer® (figure 4). The [ Conclusions

the “signature” of an antineutrino detection. NuLat uses 6Li for neutron code for operating the motors and switches is (e - | |

capture due to its ]arge neutron cross-section and clear Signature of de- written in the Circuiththon programming lan- . " - Once the device is fully Operatlonal and ready for use with the NuLat de-

cay products (i.e. beta/gamma-like events are separable by pulse shape guage.” Using the Adafruit CircuitPython Motor-| e tector, it will be useful in calibrating the gains of the PMTs due to its abil-
discrimination).l Kit library,® we can easily control the direction b f ity to send an identical signal into each cube. At this time, further testing

and stepping style of the stepper motors. Figure 4: The Raspberry Pi is required before the device can confidently be used as a way to cali-
Because of the detector’s ROL design, light is directed through the detec- with Adatruit Stepper Mo- brate the detector before taking data.
tor by a total internal reflection process. Total internal reflection oc- Limit switches are installed on both ends of the |tor HATs.
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the detector, as NuLat is made of 125 plastic scintillating cubes (n = 1.52) | e P
separated by air (n = 1.00).1
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