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Project 8: measuring neutrino mass by observing tritium 3~ decay with Cyclotron Radiation Emission Spectroscopy (CRES) W et e

v

< 10°E
© cyclotron radiation (1 fW) collected, = B iy 1.0 Energy spectrum of electrons [ . ,
digitized S e e s s 09 emitted from tritium B~ decay S s DR PFOJECt 8’s Phase 111 (CCA, then LFA)
E e e - % 100 - h Developing technologies to scale to full sensitivity
<§ 24.79 2= = e e =g 0.8 £ : o) @ Neutrino mass info Sl S PNAaSes
@ Electron | e e — ~ 80 | -
_ = = s - FL o R 0.7 © : extracted from . . : _
undergoes cyclotron Fourier N G ey kS e S @ o an b spectrum 00 P e e e e s and tlmellne Cavity CRES Appa.ratus (CCA)'_
24.787 ' ; : ’ : 5 P - Constructed; being commissioned
motion in magnetic transform S ' PPt % S e 0.6 g g 10° : ’ g.
field and emits E>; el K / ==z . 3 40 | : | - First sub-eV-resolution CRES
L. 0 T : e o ] ] Project 8 sensitivity goa
cyclotron radiation § 20784 Zi= ; .. . 1 I 0.4;; 20} " 5540113 o J Y8 lt
A / @'Cyclotron = B 0.3 % | O_é, b __;1 i @) Repeated for many e Low-Frequency Apparatus (LFA):
0 AB 24.781}F S ' ,,"-: =z S frequency .,_'— 40.2 % E—E, [eV] decays 1 10 10° _ 10° _ 10° - |I1 dESign phase
Electron C 7, o _ e otracted B2 9 Mass of lightest mass eigenstate (meV) Atomic tritium
produced 6l e 191 4 Goal: sensitivity to 40 meV, measuring the mass Scali
'd” beta S — T S 0% G083 T TR > @_ Jeo _ 1 B | cElectron kineticenergy  or excluding the inverted ordering. Simultaneous - >caling up gl
\ecay 3 e e Tirme [s] ¥ 2T M, +<Eki.nic2 assessed sensitivity to active and sterile neutrinos. /
s ™~ N ™ Phase IV
_ iti I Full-sensitivity (0.04
Low-Frequency Apparatus (LFA) Goals LFA Specifications LFA Stages > ulsensitty (0.0
e Goal of neutrino mass sensitivity comparable to ® Long resonant-cavity detector ® Firststage: LFA measurement /
KATRIN: mﬁ=O.3-O.7 eV/c? for < 300-meV resolution o Test CRES detection with 3™Kr and electron gun sources
(] [ ] ] [ (] I . . . . . . . ]
e The first experiment using an atomic tritium source! ® Frequency: 560 MHz o Cool and trap atomic lithium in place of tritium - Mam magnet
e Negligible background e Magnetic field: 0.02 T e Second stage: LFA+ (CRES + electron trapping)
e Order-of-magnitude better sensitivity to relic e Volume:1.7to3 m? O Integrate atomic tritium beamline e loffe magnet
neutrinos and light steriles e Length:5.5t0 10 m o Perform the neutrino mass experiment (atom trapping)
Neutrino mass sensitivity: LFA and Phase IV loffe atom-trapping magnet Main magnet
_ A cryogenic racetrack coil, with conductors Tens of normal-conducting coils provide the 20-mT
, threshold: 1.7 m3, | . . . . _ . ,
: tii Eazzt_"l 7;1”; yrl a with alternating currents side-by-side, creates magnetic field that induces electrons’ cyclotron
R b 06 e Lyr 10 a field that drops off quickly radially, mot|cf)ln, with a very homogeneous central region
169 e % Phase IV: 1000m?3, 7 yrs < magnetically trapping cold tritium atoms. and Tield gradients at the ends to trap electrons.
| T @ . . - - -
' = Simulated field from loffe magnet Simulated field from main magnet
10-1 € (cross-section) vs. axial position for multiple radii
S 0.35 80 2016 | | |
4(_0: 64 coils
> 810 mm radius
9 0.30 70 UKy LFA
102 O — r=t13gomm
S 0.25 _ 20054 = 350D B
2 60 E 5% mm
) - r =300 mm
" - 020 S
| E —3 RS
Phase IV (0.04ev) T TTTremee— i 10 = 20 ~ o 2000 -
' 3 0.15 =] :§
i Cluster of Excellence
wr o we  w 0.10 0 CD PRISMA*
Livetime (years) 19.95 — - N
30 G “"«Q U.S. DEPARTMENT OF Oﬁ'Ce Of .
0.05 Y o : :
The LFA “threshold” scenario reaches the minimum goals of the LFA, Y EN ERGY Science > This work is
while the “target” scenario is more aggressive, aiming for Phase-IV-like 0.00 . 20 1090 | | | | ] supported by
\ performance in respects other than those dictated by volume. / K i it “ i ° R etanca (r 2000 L the US DOE Office of Nuclear Physics, ©~  the US National Science
x/m istance (mm) / Chaesed

I erC Foundation, the PRISMA++ Cluster of Excellence at the University of

—~

—~

Raal Mainz, the European Research Council (ERC), and internal investments
2 e, G T BERKELEY B w 2w OF - .
Carnee [ mo AR H e N X at all collaborating
TRl | case e Gt GlU 1824 e # - instituti
University MU ONVERsTy Sl = Pacific Institutions.
|||||||||| el Karisruher Institut fir Technologie H The University of Manchester NNM%TA.IEIJ)E’;!?M?RE SAVANNAH RIVER NATIONAL LABORATORY




