Measurement of Proton Quenching in the MicroCHANDLER Prototype Neutrino Detector

Shengchao Li (Virginia Techon behalf of theMicroCHANDLERollaboration

Introduction DEIEWAREWAIR

CHANDLER Is an antineutrino detection technology basenq Calibration Neutron Time-of-Flight Energy
plasticscintillating cubesThe prototype detector, « Dayto-day PMT gains calibrated with , Event synchronization * Three separated Gaussian
MiniCHANDLEFhas observed significant inverse beta decay Landau peak of the muons ] peaks INTOR(eft to right): e reiminary |
_ _ oo _ _ . . . Y, DT neutron, DD neutron .-
signal with naoverburden andninimalshielding [1] (se&493). * Visible energy calibrated from the inverse . Neutronkinetic energy .~ 1 |
. . ——— Fast neutrons are the dominating of vertical muon energdADC matrix, using from TOF difference: = |
i e 1 backgroundn a surfacdevel detector minimum loglikelihood algorithm similar e T—a b0 g
| which induce prompproton recoil to MIHICHAND.LE[R] | . Matching PMT waveforms ~ ° Meanand variance 011: oot | \J
: |- M . .| events. We study theenergy non- Simulation againstthe BPMwaveform ”eUm? TOF energy from ||, Q S
ob . e ] . . . . . . . . TOF(16ns
| -7 77 linearity of proton recoils roton |.  Two independent simulations of neutron - Improved time resolution . t\%riﬁe 1 with simulation | o
~ =w " quenching) in MicroCHANDLER energy from?H(d,n)3He an®H(d,n)*He — :
FeldmanCousing\ ? ? test showsa : : : Visible Proton Recoil Energy
5.5 o of IBDsignal inMiniCHANDLER  prototype with a neutrorbeam. Il. Deuterilumenergy loss in the 12m 1) MakeTOF cut to obtainthe proton recoil spectrum due to D& DTneutrons
2) Applyenergy reconstruction for selected events
. End-point Fit Full Spectrum Fit
Experimental Setup (used in Qalculation (in progres
* Neutrons quasi | Cemmeslenedtegyyetme o | * From simulation 111, apply various quenching
~ T TR ey elastic scatter with &l Preimmany - "R model (lg, ko and energy resolution to the
TUNL i ® e et ~— i free protons spectrum of proton recoil energy
Tandem e S S N . . o i . o
Laborator = L A NN 1. Full targetdetector MCNP simulation Maximum proton + Pearson' Zest onallf”’ eliinary
Y i 2 , ? I - _ i
— 13 K = A<l | . Prot ' recolbenergy e 16 proton recoil b ity :
2 e ' ~ , roton recot corresponds_ to single spectrum with data =~ * ~
- energy SpeCtra Scatterlng Wlth 0 s e s 2%nerlgy;M;{§,5 ° Addltlonalprocess Of mo:
, _targetk . .J//‘/d,etec‘tqr‘ o i * Detector model . Fit the spectrum engboint with a functio 108(n,y) and/or thefirst..
AL Pt Trtiatec o i l BoratedPolyethylene ma o m e S Talfget_model describing the scattering edge and detector,  12C excitecktateto
) IHavar foil‘ P——— : T — M, , B Scintillator cube 11 Polyethylene (30% Boron)  © Shleldlng mOdel resolutlon mOdel peak ~4Mev
> \ \ | Beam enters 1. x

d === \[ & H = : p Vert|Ca”y
He

E‘ q“ID 'He gas inlet] rj
o |

\perture | Suppressor |

References

[1] HaghighatA., HuberP.,LJ S., Link, J. MMariani, C., Park, JSubed) T.

« TandemVan De Grafficceleratorat Triangle Universities ; 7 Preliminary DT came==" | ¢ QF = (2020). Observation dteactorAntineutrinosvith a Rapidlydeployable Surface
S o P _ , _ level Detector. Physical Review Applied 13 (2020) no.3,034028
NuclearLaboratory (TUNL) S osh ™ Fitted onuCDL data *Birks aw: [2] SaraA.PozziJames.Mullens JohnT.Mihalczo (2004) Analysisf neutron
e Ter mi nal vol t a ges: 1 5 MV | 2 M \4” 2 (meﬁﬁanM \/ | 5 OM)\']LQ ﬁC[) t ot a 8 ] and photon detection position for the calibration of plastic {8%D) and liquid
- Sourceunpolarizeddeuterium ion £ N ~ (—) — (BGS501)scintillators Nucl.Instrum.Meth./24 (2004) 9201
» Target:tritiated titanium with embedded deuterium 53 omsnmsor |, Bat fit parametergpreliminary)
* Neutron production: + 16 neutron energies Y eemeenemme kg = (6.70+ 0.60)x 103 g/cm?/MeV ACkn ()Wledgements
- D+ T “He fQ =+8.270 MeV) com 5 to 27 MeV T e e e e ke=(4.69£0.91)< 10 (glemMeV):
- D+ D SHenQ=47.590MeV) . nsbunches withl0O- . Fl_rst measurement aquenching factor in plastcintillator (Ex260) This work was supported by the NatiofgdienceFoundatigrunder grant
 MicroCHANDLER 300 kHz frequency with energy ROI of [5,43/eV number PHY-8740247 andIP1924433; and U.Department of Energy
e 3x 3 x3scintillatorcubes « Compatible with other measurement with lower neutron energy under award numbeDESC0018327.
. Two sides of 3 8 Hamamatsu PMTs with light guides . Fastneutronsabove_ 6MeV can mimic the IBD S|gnal 1B,8] MeV - e
. BPM fedin from the beam . Th_e proton guenching factor will be used as the input of meutron V? TECH. Neutrino Physics .
shieldingstudy for CHANDLER detectors

Neutrino 2020: The XXIX International Conference on Neutrino Physics and Astrophysics June 22 to July 2, 2020, US/



