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The motivation for direct neutrino mass measurements
continues to grow

e Establishes differences between neutrino

masses
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The motivation for direct neutrino mass measurements
continues to grow

* Would measure effective Majorana mass,

Observable only if neutrinos are Majorana
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The motivation for direct neutrino mass measurements
continues to grow

Observable

Oscillation experiments

Neutrinoless double

Am]_m —m]

beta decay mﬂﬁ Z Uzm;

Cosmology

Direct kinematic mass
measurements
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* Places strong upper limits on sum of neutrino
masses

* Currently prefers negative neutrino mass

* Highly dependent on cosmological models
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The motivation for direct neutrino mass measurements

continues to grow

Observable

Oscillation experiments Am T m - m]

Neutrinoless double
beta decay mBB Z Uzm;
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Direct kinematic mass
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Cosmology
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* Measurement based on distortion to endpoint of
spectrum as neutrino carries energy away

* Model-independent

Tritium beta decay - €
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Tritium beta spectroscopy for direct neutrino mass
measurement
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KATRIN experiment

* The KATRIN experiment has used tritium beta decay spectroscopy to great success
* Magnetic Adiabatic Collimation + Electrostatic filter (MAC-E) approach — integrating

spectrometry

Electrons with enough energy to pass the
analyzing plane are measured in the detector _

source
BS

Uu=0v 107

// A A x> ¥ A A f /
g = electron momentum (without electric field) = v ¢ 7B

10
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E KATRIN (2025)*

| KATRIN (goal) —#

?‘Iver‘ted Ordering
- How to increase
sensitivity if mass

remains unmeasured?
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Reaching the limit of
MAC-E scalability
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Cyclotron radiation emission spectroscopy (CRES)

to measure \ average magnetic
/ field experienced
cyclotron 1 e (B) by electron
motion
2
S - 2mm, + Ei,/cC
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Anatomy of a CRES event
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Advantages of CRES

* [t’s a frequency measurement!
Never measure

anything but frequency!

Arthur Schawlow, co-inventor of the
laser and Nobel Prize winner
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Advantages of CRES

MAC-E technique
gives integral
spectrum

* Differential spectrometry

CRES gives
differential spectrum
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Retarding energy (18,574 eV)

Ring-wise spectra for KNM2 data with
2 1o error bars (x10)
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Advantages of CRES

. Ur) _—
MAC-E requires )P - e
i Electrostatic high pass filter & *HeT*
transporting electrons |
over long distances s [/n i
without perturbing their g :
energy ot T T I e

electron gun

* Don’t need to transport electrons
from source to measure their energy

ol

Energy can be
measured without

transporting electrons VAVAVAVAVAVAVAVAVAVY
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Advantages of CRES

24.79F = - - - 082

Unique signature
of CRES signal
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Advantages of CRES

Avoid final state broadening due
to rotational and vibrational
modes in the T, molecule

10 T T T T I !
Atomic T
8 T, -
;é T, molecule
— 6 m rotation
z G
= vibration
* Compatible with atomic tritium N |
-10 -8 -6 -4 -2 0 2

Q value - 18575 (eV)
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Towards 0.04 eV sensitivity to mg with the Project 8
experiment

10*

mg (MeV)

KATRIN (2024) —,

Project 8 sensitivity goal
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The path to 0.04 eV sensitivity
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Experimental realities: dynamics of an electron in a
magnetic trap

* The electron may be emitted in any direction

* Magnetic trap required to trap electrons long enough to be detected

* Pitch angle 0 defined as the angle between the electron momentum and the
magnetic field

* Only electrons with 6 > sin‘l(\/Bmm/Bmax) will be stored

\ V
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Dynamics of an electron in a magnetic trap

6 = 90°
.“ Power A
|B| cyclotronOIQ-_ “carrier”
motion

Bmax' 2 Y
m) B /\

3

Ny

T Frequencg/
fe
Untrapped electron, 8 < sin™*(y/Bpin/Bmax)

No signal

o, Power A

&

=) B /\
z Frequenc>y
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Dynamics of an electron in a magnetic trap

6 =~ 90°
I Lower average B, lower f,
. Power A

3‘-_ cyclotron
motion

D axialmo:tion =
V2 /\ ¥ > Average field (B)

experienced by electron
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fe=2fa? fo Nt kinematics within the trap
» Sideband structure gives

Z

Minimum trapped pitch angle, 8 = sin‘l(\/Bmm/Bmax)
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s ower A
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] T Frequency
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Characterizing detector response with Krypton

Internal
conversion Measurement of 83™Kr conversion lines Frequency response mapping
demonstrates good energy resolution using 17.8 keV 83MKr line
_ fo=25267.9767 = 0.0032 | 1.2
20 Mj 0=00379£00039 | @ |
_ f,=25268.3299£0.0034 | € 1.07
0 =0.0296 + 0.005 =]
T 30 | | | 808
I xS 4
< M, 2 061
2 g
42 20 "g 0.4-:
g S 0.2
10 0.0+ S =
Adapted from Hyperphysics, C.R. Nave M 840 860 880 900 920 940 960 980 1000
1 Frequency - 25 GHz (MHz)
Excited nucleus interacts 07""25366 25068 25270 25272 25374 25276 25378 25280 —3.0 15 0o 15 30

Frequency (MHz)

with atomic electrons and Background field shift (mT)

one s eJeCted Project 8 Collaboration, Phys. Rev. Lett. (2023)

Project 8 Collaboration, Phys. Rev. C (2024)
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Energy resolution dependent on trap depth

Deep trap frequency - 25 GHz (MHz)

920 915 910 905 900
1_0_' I Shallow trap data B
Deep trap ShallOW tra p ) | J— Shallow trap fit result
g 0.8—: Deep trap data i
M a |- Deep trap fit result

© 0.6 L
e Smallerfield variation %041
« Larger field variation experienced by electrons £ ]
. . o |

experienced by electrons ° Lower statistics Ve e ' '

« Higher statistics * Achieved energy resolution of 0.0 bessmmsmsspnnpennpllllT 0 L e
17500 17600 17700 17800 17900 18000
1.7eV (FWHM) Reconstructed kinetic energy (eV)

Project 8 Collaboration, Phys. Rev. Lett. (2023)
Project 8 Collaboration, Phys. Rev. C (2024)

Avoid tradeoff between statistics and
resolution in future experiments by

detecting sidebands
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First upper limit on mg using CRES

175_3 T Eir;(::zr;:st intervals
Z] 20024 Best fit result
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Project 8 Collaboration, Phys. Rev. Lett. 131, 102502 (2023)

, , Project 8 Collaboration, Phys. Rev. C 109, 035503 (2024)
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Project 8 Phasel ll
spectrometer

(to scale)

KATRIN spectrometer
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The path to 0.04 eV sensitivity

T O

You are

/

Phase |

First demonstration
of CRES

\_

/
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—

Phase lll
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achieve final sensitivity
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\_
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First CRES-based
neutrino mass
measurement
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Phase IV

0.04 eV neutrino
mass sensitivity

~
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Factors contributing to sensitivity to mg

Source gas density Uncertainties o.n
/ \ response function

LA b N 2. 5
O-mf; —4\/(6 C. Veffn’ )ZICT Vaggn © AE +ﬁ]+ZO‘i<n)- do;

Effective volume / Background Response function stdevs.

(volume x efficiency) (resolution)

* Massively scale up detection volume using resonant cavities

* Achieve sufficiently high density of atomic tritium

* Maintain low background

* Improve energy resolution

* Understand response function using various calibration sources

Hannah Binney | NuMass | April 13, 2026 27
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Phase lll goals to achieve final sensitivity

« Magnetically trapped cold
atomic tritium (n)

* Massively scaling up detection
volume (V4 1 B TS
* Resonant cavities allow for N =y

increased volume with resonant
enhancement of SNR

Probability (arb.)

* Integrated magnetic field
design of atom trap and CRES el &

trap

V‘I‘II:I!.IGIBI
_ ~10'm3 mk

" Tritium.

E /i\ : / o 28
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Integrated design for future experiments

54'*“: Background field solenoid
Hot atoms '%‘ o

3 L Y
evaporate as ;@ il R : N
confining field drops T n':ig/i Y

-~ . V . . ?
. &% I ia
,,,,,, NJ ; gg & ' " Tritium o TN
...... e’ \hﬁﬁt -1 o] T i (= _— - .
2500 K 160 K 5K 1 P 1eA i AN ' ' 3
X " o\ UYUYULEUUUGUeURUQUSUOUSUY
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=
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| AR L Al CRES trapping coils
Atomic tritium beamline | z
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Magnetic atom trap
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Progress is still being made toward understanding
tritium physics...

Tritium-tritium interactions cause atoms to scatter into
untrappable states at a much higher rate than hydrogen

M. G. Elliott and B. J. P. Jones, Elastic and spin-changing cross
sections of spin-polarized atomic tritium, Phys. Rev. A (2025)

Low-field seeking states of atomic tritium
can be magnetically trapped

Zeeman levels of T

Low field seeking

tat Hydrogen Tritium
states 100 Hydrogen, cc—all 109 Tritium, cc - all
Temperature (K)
— 0,00}  — 1.0
— 001 — 100 T
107104 — 01 100.0 10714
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G 10712 ¢ G 10712 4
10713 4 10713 4 Temperature (K)
——10.001—=—=-1.0
— 0.01 10.0
High field seeking Rate constants for loss ... P e sl
L~ . . 107 1072 107! 10° 10! 1072 1072 107! 10° 10!
states (untrappable) of trappable hlgh-fleld- B(M B(M
seeking States 10-11 Hydrogen, dd - all _— Tritium, dd - all
Temperature (K) Temperature (K)
|f, my) — 0001 — 10 — 0001 — 10
— 001 — 100 — 0.01 10.0
— 0,0 1,-1 — 1,0 — 1,1 10724 — 01 100.0 1023591 100.0
0.00 0.02 0.04 0.06 0.08 0.10 T I
B(T) s s
5 5
© 1914 © 10-14 /\
107154 /,A 10715 4
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...Resulting in updates to the experimental design

* Project 8 originally planned for magnetogravitational Notional tritium density profiles
tritium trap for vertical vs. horizontal design
Vert+cone Horiz+cone

e Tritium loss is enhanced due to pooling atthe bottom

* - movement toward fully magnetic design

* Simulations suggest that overtrapping of low pitch
angle electrons is mitigated by loss at cones used for

tritium loading

y é T trap hit the cones and are lost
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Creating and cooling atomic tritium without
recombination is very challenging

] —s | <~ T2 to T cracks on hot tungsten (2200K)
e ——— |
| —=" | Accommodator
, | — I
10° 3 —4° I (cool by scattering)
] |
] \
00y T binds to solid surfaces (~10K)
o l
= 100'5 :
3 |
: ! MECB
1075 i (cool by evaporation)
| ]
10_2'E :
: \
107718 < Optimal temperature for
0 1000 2000 3000 trappingT (~4mK)

(v) (ms—1)
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Atomic tritium source development

Magnetic evaporative Magnetic loffe trap
cooling beamline

Commercial thermal Accommodator Halbach guide

cracker

Y "' Cryogenic buffer-gas
r( cooling

3
Bl / mT

CH,F /CRCCH

Electron cyclotron
resonance plasma source
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Atomic tritium highlights

: : \Y [ :
Dissociator |:> Accommodator I:> C:g:uergC I:> Trapping

\ Lower magnetic guide

First dissociation in Magnetic Evaporative Cooling Beamline (MECB) design loffe trap design
walls while allowing atoms
Only the highest ":_ﬂ; to evaporate transversely

ECR source
:Oleatomg y
N\ AN energy atoms - 5?“ g

~ escape magnetic % i R LN
. . =, 4 . . x-distance (m)
potential e S ;

y-distance (m)

\

iw s
4 1-@L L
o "
A. Lindman . ;'f!?-'

Use wiggles to slow the beam

H

— meanp, —— meanp, — local VT [«RMS(p)]

(o)

Lo |
A N © N B o ®mu o u
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Massively scale up detection volume V_., using

resonant cavities

Phase ll:
~mm?3-scale effective volume

LFA size: ~m3-scale
effective volume

Hannah Binney | NuMass | April 13, 2026

Test that CRES works in a CCA cavity i
resonant cavity with the Cavity
CRES apparatus (CCA) o ——

Same frequency as Phase I, allowing
for reuse of electronics and setup

* *Krypton and electron gun CRES only,
no neutrino mass measurement

Low field/low frequency required
to keep atoms trapped

Test that experimentworks atlow  w» Trithum. de- il

Temperature (K)

frequency and large scale with the — o001 — 10

— 0.01 =100

Low Frequency Apparatus (LFA), 10724 — o0 1000
V~m?

G(cm3s™?)
| \
| &B

7

AL

<C
Scale up even more for Phase IV 00 TS

f___&
Ja
58— Phase

35
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Goals of the Cavity CRES Apparatus (CCA)

* First demonstration of CRES in a resonant cavity

* Calibration info encoded in CRES signal and
careful magnetic trap design — factor of ~5
narrower detector response g;

* New calibration techniques — detector response
width éo; characterization to ~2%

* Science goal: spectroscopy of K-, L-, M-, and N-
conversion electrons from the 32 keV &3mKr
transition

* Precisely characterize shakeoff and shakeup
* Resolve the N,-32 and N;-32 conversion electron lines

Hannah Binney | NuMass | April 13, 2026

CCA cavity

Internal
conversion

M
L 203
( . 81!

(R
c..&:’,

Hyperphysics
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" hesign of the cavity CRES apparatus (CCA)

\\\\\\\\

RF amplifier

RF waveguide

gas line

electron field-shifting
electron trapping solenoid
gun coils

Michael Huehn
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RO
' Electron-by-electron magnetic field
corrections for sub-eV energy resolution

Power A

N * Require cavity bandwidth wide enough to see side bands
/\l cCavitybandwidth _ .
/| * Extracting the axial frequency allows event-by-event
/o I\ magnetic field corrections
% | \_I
] T Freqﬁency
fe = 2fa fe fe +2fa spectra N,-32 and N5-32 lines,
e (too faint to see) y - g separated by ~0.67 eV,
e With Phase \ | would be distinguishable
261151 - - | scatter 08 resolution of iy :
_ - e < 1.7 eV FWHM PP
%26.110—_ — :‘ = o.eé ag :
g — == *Si'mUlation B % © ; E = 0 ! Emerzy-32%13 ke\?(e\/) ¢ 7 s
g 26.1051 = - 0.4 g : T Py
26.100 : = = _;—_ oarorl [o2 /\/\J‘ ------- ................
i - = == == 32.09 32,10 3211 32.12 32.13 32.14 32.15
26.095 1 =" L oo Energy (keV)

T T T T T
0.0028 0.0030 00032 00024 0.0036 00038 0.0040
Time [s]
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Reconstruction for the Project 8 experiment

Voltage vs. time

Voltage [arb]

‘ | Kinetic

energy

3.200 3.225 3.250 3.275 3.300
Time [ms]
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Frequency-based reconstruction algorithm for the CCA

Voltage [arb]

-0.2

-0.3

Voltage vs. time

3.200 3.225 3.250 3.275 3.300
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Time [ms]

Track finding and event building »
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-0
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Advanced reconstruction algorithms for the CCA and future

Voltage [arb]

Voltage vs. time

-0.2

-0.3

3.200 3.225 3.250 3.275 3.300
Time [ms]

Short time Fourier transform » Spec

trogram construction and

background removal

3.0
25.920
2.5
25.915
a 2.0 =
S I 25.910 -
3 5
L5 = -
3 T 25.905
3 g
i 1.0 g_
g 25.900 4
0.5+ e )
25.895 -
0.0
25.89 2590 2591 2592 25.890

Frequency [GHz]

3.00 325 350 375 4.00
Time [ms]

450

430

a4

430

430

410

180

Ground Truth U-Het+5VM

Machine learning-based track finding and classification ‘

-,

200 220 200 20

180
Project 8 Collaboration, Mach. Learn.: Sci. Technol. (2024)

Graph neural ngtwork (GNN)

S gt
g ¢

L0

= o o
s o o
Scaled power

o
b

e
o

Event-by event
conversion to energy

=

fa [kHZ]

2
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Advanced reconstruction algorithms for the CCA and future

Voltage [arb]

Voltage vs. time

3.200 3.2'25 3.2'50 3.2'75 3.300
Time [ms]

New time series approaches

Matched filtering on time series data

Amplitude

Correlation

Time-Domain Matched Filtering

== Signal Template

T
0.2

T T T 1
0.4 0.6 0.8 1.0
Time (ms)

Correlation

—— Correlation
@ Current Correlation

T
0.2

T T T
0.4 0.6 0.8 1.0
Delay (ms})

State space machine learning models

PSD [arb/Hz]

Denoising results using SSM

1075
1078 1
lo-xo
10-12 4
10-14
10716

10728

AU.

Energy reconstruction

Residual Energy [eV]
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Development of improved calibration methods for the

CCA and future

/Electron gun calibration source\
with near-monoenergetic

electrons provides information
about detector response

(N
£
B
t
|
i
¥
£
K
)

f.
‘.
3

*4¥ Egun Stand

y B .

M. Kallander/

Hannah Binney | NuMass | April 13, 2026

/Proton NMR probes outside the\
detector region for field
monitoring

Voltage Trace from Oscilloscope

—— Voltage Trace
Fitted FID
e Start/End Peaks

Voltage (V)

=1.5
0.000 0.005 0.010 0.015 0.020
Time (s)

P /<olbec/</

\_

mn-situ magnetometry

development using polarized
helium

Circuit model
of hole + slit

N

Circulating
current in
birdcage
circuit

~

A. Kurmus, S. l<uenstner/
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Moving towards the Low Frequency Apparatus (LFA)

* Next neutrino mass
experiment in Project 8 R&D
program

* TEO11 mode at 560 MHz
frequency

Background field solenoid

* 21 mT field, larger volume

* Upgradable to use atomic
tritium
* Goal of KATRIN-like sensitivity
to mﬁ

Magnetic atom trap

Hannah Binney | NuMass | April 13, 2026 45



Scaling up cavities for the LFA

* Significant progress on scaling cavity
designs to reach desired performance
for the LFA

* Progress on multimode cavities, patch
readouts, magnet fabrication...

Development of
modular LFA design

Mid-sized cavity prototyping to
test readout and mode filtering

%) .

ty
length:

terminator 21.5 cm

length:
5.2cm ‘

Testing of multimode designs to New readout schemes (patch antennae)
read out TEO11 and TEO12 Credit: B. DiLella

Ch2

Ch1 (@3L/4) e Z

Interior is
grooved to limit
inductive coupling

Hannah Binney | NuMass | April 13, 2026 Caviy buit by ARL D e

7 Applied Researc h
Laboratory
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...And many other developments for Phase ll|

/ Quantum electronics for \ f Lithium MECB demonstrator \ /Calorimetric wire detectorfor\
improved SNR atomic beam measurement
Low frequency JPA e e — T s
NIST Low-loss TrilayeJ Process i —a - — 1 mwm-im-a mmmmmmm - g

———‘ '_ T | .
([ g
=y | e
1 i
= 3 wocis N

¥ o
’}( Z‘translator‘/

—— Procllen =4.20+0.22) |
{ data

signal 1/0

N

Low frequency TWPA

Power [uW]
o
>

0.2
5 00 !
= 25
ot N N TR TR
= Wl I N T L VL O L
2-25 f f |

Parallel Plate Nb trilayer process &
0.9 GHz Uniform TWPAs

-20 -10 0 10 20

Central angle [deg]
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The path to 0.04 eV sensitivity

/

3
8

/

/

Phase | i §
First demonstration e
of CRES
Prolect8Collaborat/on Phys Rev. Lett. (2015)
Phase lll

Technology development to

- achieve final sensitivity

Neutrino mass sensitivity
comparable to KATRIN

o

Hannah Binney | NuMass | April 13, 2026

/

Phase ll

First CRES-based
neutrino mass
measurement

J H B lofrequentist confidence interval

T T
18500 18600
Endpoint (eV)

16500 17000 17500 18000 18500 19000 19500

Reconstructed kinetic energy (eV)

Project 8 Collaboration, Phys. Rev. Lett. (2023)
Project 8 Collaboration, Phys. Rev. C (2024)/

Phase IV

0.04 eV neutrino
mass sensitivity

~N




Achieving 0.04 eV sensitivity

* Lower frequency and larger volume
than the LFA

Hannah Binney | NuMass | April 13, 2026

90% CL on mg (eV)

100_

¢ LFA, threshold: 1.7m?3, 1 yr
LFA, target: 1.7m?3, 1 yr

A One full-size module: 100m3, 1 yr
~~~~~~ ®  Phase IV=Ten full-size modules: 1000 m?3, 7 yrs

L 100

______

1073

Phase IV (0.04 eV)

C— -
— .
——

101 100

Livetime (years)

Standard deviation in mj (ev?)
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Backgrounds and systematics for current and future
experiments

Contributions to background b

g

* False events from noise g™ Betagpectrum from T
* Tradeoff between noise rate and detection efficiency S
depends on SNR =
 Cosmic ray interactions with T / S Beta spectrum from T,
* Source purity o
©]

=]

2 18584 18566 18568

=

» Must keep N(T,)/N(T) below 104

Contributions to response function (energy Kinetic energy (keV)
resolution) g;

18,57 18572 18574

18576

« Knowledge of magnetic field " yo) = swewwman  Phasell response |
. . . . | - Shallow trap fit result Y i
* Requires good calibration, good reconstruction, 5 | e teen trap doto fi function (Kr)
good detector response characterization SO0 . Deep trap fit resut
* B-field uncertainty dominated in Phase Il, will likely Sos 1
dominate in future phases g | b FWHM=540V
. . = 0.4 '
* Thermal doppler broadening, scattering, plasma : | | b inte 20y
effects, pileup, ... 0.21 P \
Hannah Binney | NuMass | April 13, 2026 ”'1“;556"”_;;0 17700 17800 ﬁ?mm 18000

Reconstructed kinetic energy (eV)
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Sensitivity to secondary physics

~

* Simultaneous measurement of active neutrino mass and
search for sterile neutrinos

* Sterile neutrino state causes a distortion (kink) in the
tritium beta decay spectrum

® Planto search for eV-scale sterile neutrinos

* Sensitivity to cosmic neutrino background; still under
investigation

B spectrum
—— No steriles
5 keV sterile neutrino
Sterile contribution
Active neutrino contribution

sin?0 =0.3

Differential decay rate (arb)
N w B~y w ()]

[y
1

e e e . E—E, (keV)
* S m d
ensitivity to mass ordering
10° e
,°
Ay

10-?
=
@
-
=
= 1077
=
o
)
[
5 10
@
2
E Iu-'.-
cqc; . — P8 Phase IV projected, two | ~ "T=-TTT

—  Normal ordering 10724 methods, (95% CL)
- Inverted ordering
1078y ] ] ) L - i = = KATRIN (projected, 95% CL)
0.05 0.10 0.15 0.20 0.25 0.30 10-3 _
Electron kinetic energy (eV)  +1.8563e4 Reactor v anomaly (95% CL)
BEST anomaly (20)
1074 T
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\
Summary

* Project 8is developing CRES technique for
next generation neutrino mass
measurement

mg (meV)

* Next prototype (CCA) will demonstrate high
energy resolution and CRES in cavity 10°
geometry; commissioning underway now! — — = = - - — — B

L KATRIN (Goal)—

* Implementing a staged R&D approach in 2
many areas, including cavity design, 10
reconstruction, cold atomic tritium source,
calibration, ...

nverted Ordering

T T TITTO

Project 8 sensitivity goal

Normal Ordering
10

* Project 8 aims to achieve 40 meV ST S— T
sensitivity to the neutrino mass Mass of lightest mass eigenstate (meV)

- —II\HIl
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Signals in future stages will pose analysis challenges

o P|leup will increase as detection Example simulation with pileup and scattering
volume increases el |
» Signal power will decrease with large g e
cavities ‘.
* Expect~aW power! .
* Very high energy resolution required s g ok o
* Justifies investigating creative Fraction of the the time another
reconstruction and analysis ideas! |y —_eventstarts before scatter
: Nominal LFA
g 0.8 1 frequency (560 MHz)
g 0.6 - 4/
2 04
Q :
& o2 Even lowerfrequenciek
for Phase IV :
0.0 : T
Hannah Binney | JHU Seminar 10/22/25 10 10° 54
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Phase Il tritium results: uncertainties

 Statistics-limited; demonstrates understanding and control of systematics

* We have paths to improving all these sources of uncertainty .,

Deep trap frequency - 25 GHz [MHz]

Uncertainty

920 915 910 905 900
— Shallow trap data
eep trap data
El
81500 ---- Deep trap fit result
j
_____________________ \
17600 17700 17800 17900 18000

Magnetic field

Magnetic field broadening
Scattering

Efficiency variation

Other freq. dependence

Systematics total

Reconstructed kinetic energy [eV]

Statistical

10.50

o
Relative detection efficienc

Project 8 Collaboration, Phys. Rev. Lett. 131, 102502 (2023)
Project 8 Collaboration, Phys. Rev. C 109, 035503 (2024)

0.
000000000000000000000000000000000000
Frequency - 24.5 GHz [MHz]

HEE 0.
1.0 0.5 0.0 -0.5 -1.
Background-field-shifting solenoid current [A]

-500 400 300 200 100 0 100 200
Energy [eV]



10 T T T T T T
s Atomic T i
Tz
g
& s i
2
£
T 7
£
2 .
0 L
-10 8 -6 4 2 i} 2
Q value - 18575 (eV)
10"k 1
C LA
9 1072 1
O
© L
= 10-13 10-3 molecular contamination
o) I 1
C
%
e 107"} 10-4 molecular contamination 1
o
m
105 1
Beyond atomic endpoint region

18565.0 18565.5 18566.0 18566.5 18567.0 18567.5 18568.0

Kinetic energy [eV]

T, contamination leads to events past the endpoint.
Need T2 contamination <10-4of T density

Storage of large quantities of T in the beamline itself leads to a radioactivity load
problem

Should pump out recombined T2 gas from the beam to recirculate rather than
freezing / storing on the walls

Technical interventions in tritium system are very challenging
Must run without intervention for lon ri with high reli

N Glove boxes at TLK, from Magnus’s talk



LFA neutrino mass sensitivity

LFA, threshold: 1.7m3, 1 yr
LFA, target: 1.7m?3, 1 yr
L One full-size module: 94 m?3, 1 yr
1004 TTve-o_ Phase IV—Ten full-size modules: 940m?3, 8 yrs
= e LFA threshold (0.7 eV)
L~ T
« | T~ Tl
e T/~ T ]
c
o
-
O
o\o ..............
I \
N 10—1 ~—~— A
‘‘‘‘ —— -
Phase IV (0.04ev) Tremre—a
101 10° 101

Livetime (years)

Talia E. Weiss | Yale University

Calculated Parameter

LFA Target

LFA Threshold

Limit on mg, 90% CL
Operating tritium density in electron trap
Total background rate
SNR of 1 ms event (6 = 90°)
Total energy resolution, stdev.
From a}arrier and aj}deband due to noise
From field variation and reconstruction
From thermal Doppler effect
Total efficiency
Trapping efficiency
Detection efficiency
Efficiency from limits on useful radii

0.27 eV
8.6 x 106 /m3
2.2 x 10719/eV /s
250
86 meV
11 meV
85 meV
1.5 meV
0.029
0.049
0.76
0.76

0.69 eV

1.0 x 1016 /m3
3.2x107%/eV/s
80

300 meV

0.011
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¢ LFA, threshold: 1.7m3, 1 yr
LFA, target: 1.7m3, 1 yr
i A One full-size module: 94m?3, 1 yr L 100
1001 ~~~~~~~~ % Phase IV-Ten full-size modules: 940m?3, 8 yrs
< e LFA threshold (0.7 eV)
O 1
Q. “""~=,____ - 10
e T~ T
c
o
J -
O [
S L 10-2
OO ............. \E 10
o 101 ~ o~ Che :
L T~ .—‘-_ ..... I 10_3
Phase IV (0.04ev) TTrmee—e
107! 10° 10!

Livetime (years)

Talia E. Weiss | Yale University

Standard deviation in mj (eV?)

Example Phase IV scenario:

e 10 cavities with TEO11 mode at
150 MHz

* Livetime =8 yrs
 Background field =5.5mT
* Traplength=17.5m

* (Cavity temperature =2 K

e Resolution contribution from
magnetic field variation and
reconstruction = 85 meV
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