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Toward a neutrino mass measurement .

» Tritium beta spectrum (Q~18.6 keV):
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Phase Il DAQs e M
» Amplification of the RF signal | p—— e S
» Down-mixing (25.7 GHz — 1500 MHz) = 4= &

» 2 DAQ systems c §c -

» Real-Time Signal Analyzer |- %%%Z ﬁé

B Excellent diagnostic tool > e
B Triggering digitizer

» ROACH2
B Large bandwidth digitizer (300MHz+)
B Currently streaming mode
B Triggering mode in development
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- Qent reconstruction in a nutshell .
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Event reconstruction in a nutshell .
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An Iinteresting event topology

Frequency - 25.285 GHz [MHZz]

Parallel
tracks

Run #3004 - Event 1 - Bathtub 15 - 30 keV line
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Line shape distortion ..
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Sidebands
» Axial frequency: >
2KE
1 me ¢
fo =52 7nLe 2L, >
sinf ~ cosf

B L,: curvature of the edges
B L,: size of the flat region

Power Spectrum for E = 32 keV and Pitch Angle = 87
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Axial motion generates oscillations
in the magnetic field seen by the
electron at the axial frequency f,
Harmonics in the power spectrum
B Comb structure
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Waveguide short effects B o

» Short reflects part of the power < R
o = O 1st order sideband
back to the amplifier £ osf
» Received power is superposition, ol
constructive or destructive, of two :
components: I
B Dependence with the pitch angle 2
and distance to short o2 i | e
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Interpreting the interesting event
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» One single electron
» First part: two 18t-order sidebands
» Collision with an atom . Run #3004 - Event 1 - Bathtub 15 - 30 keV line

B Change of the electron propagationz ™
direction

B Change of the pitch angle

» Second part: main peak + two 1st-
order sidebands o
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Conclusions and perspectives .
» Project 8 Phase Il data taking and analysis is in progress

» New digitizer ROACH2

» Development of a phenomenology explaining the structure of our events

» Implementation of a robust algorithm for correcting the line shape
distortion using sidebands and slope and improving the energy resolution

Finishing the instrument calibration using the Krypton source

Getting ready for connecting the Tritium source and recording our first
differential tritium spectrum

vy

Stay tuned!

TAUP 2017 — Status of the Project 8 Phase Il July 27th, 2017 14



Many thanks!

University of California, Santa Barbara

Benjamin LaRoque

Case Western Reserve University

Benjamin Monreal, Yu-Hao Sun

Johannes Gutenberg Universitat, Mainz

Sebastian Boser, Christine Claessens, Alec Lindman
Karlsruhe Institute of Technology

Thomas Thummler, Marcel Walter

Lawrence Livermore National Laboratory

Kareem Kazkaz

Massachusetts Institute of Technology

Nicholas Buzinsky, Joseph Formaggio, Joseph Johnston,
Valérian Sibille, Evan Zayas

Pacific Northwest National Laboratory

Erin Finn, Mathieu Guigue, Mark Jones, Noah Oblath,
Jonathan Tedeschi, Brent VanDevender

Pennsylvania State University

Luiz de Viveiros, Timothy Wendler

Smithsonian Astrophysical Observatory

Shep Doeleman, Jonathan Weintroub, Andre Young

University of Washington
Ali Ashtari Esfahani, Raphael Cervantes, Peter Doe, Martin

Fertl, Eric Machado, Walter Pettus, Hamish Robertson, Leslie

Rosenberg, Gray Rybka

Yale University
Karsten Heeger, James Nikkel, Luis Saldana, Penny Slocum

TAUP 2017 — Status of the Project 8 Phase Il

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965

1

Ta = >

This material is based upon work supported by the following sources: the U.S. Department of Energy Office
of Science, Office of Nuclear Physics, under Award No.~DE-SC0011091 to MIT, under the Early Career
Research Program to Pacific Northwest National Laboratory (PNNL), a multiprogram national laboratory
operated by Battelle for the U.S. Department of Energy under Contract No.~DE-AC05-76RL01830, under
Award No.~DE-FG02-97ER41020 to the University of Washington, and under Award No.~DE-SC0012654 to
Yale University; the National Science Foundation under Award Nos.~1205100 and 1505678 to MIT; the
Massachusetts Institute of Technology (MIT) Wade Fellowship; the Laboratory Directed Research and
Development Program at PNNL; the University of Washington Royalty Research Foundation. A portion of
the research was performed using PNNL Institutional Computing at Pacific Northwest National Laboratory.
The isotope(s) used in this research were supplied by the United States Department of Energy Office of
Science by the Isotope Program in the Office of Nuclear Physics. We further acknowledge support from
Yale University, the PRISMA Cluster of Excellence at the University of Mainz, and the KIT Center Elementary
Particle and Astroparticle Physics (KCETA) at the Karlsruhe Institute of Technology.

July 27th, 2017 15



