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Neutrino mass mibean

Oscillation experiments measure A(m?)
} solar/reactor

“normal “inverted

: ' : N “degenerate
hierarchy hierarchy hidrarchy”
m2 solar/reactor
0.05| m3 mi | 2
eV
atm/beam
atm/beam
A Y
0.0 A: } solar/reactor o
eV B 11 T
Kinematics say < 2 eV
Cosmology says (1) < 0.3 eV
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3H = 3He* + e + Ve

0.1 o
Tritium spectrum

0.08
Q — MT' M3He' Me
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0.06

Most E. at ~3 keV
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3H — 3He™ + e + Ve

x10™ \ First H electronic excitation 10 eV
N\
— oL 2 vib/ro
2 i
5 0.08 B @Q}etal work functic[)>
g |
8 0.06[— cheap resistor AT=1K
£ -
00 - :
£ o004~ Experiment:
2 [ My<22eV My=0eV
. | .
5 002 8y |0l shift
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The last 10 eV
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3H = 3He* + e + Ve

x10712
6N

Sq: 55_ 4e-12 of spectrum
.

£ o

o -

5 2 KATRINNQal: M, =0 eV

_g 3 Mv < 02 c

6x|0'|3 shift

Expern : A A |
M, < 2.2 eV S ; 05 0
7x10°19 shift The last 2.4 eV
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Hy = (CHHe*) + e + Ve

-15 of
M,=0 eV 9e-15 of spectrum

0.1F

o.oaf— Oscillation scale
- 0.05 eV

MoE 5x10-'¢ shift

0.04iK ATRIN g0u|: (600 events per Ci-y)

-My<0.2 eV
- 6x 10713 shift

835 03 025

branching fraction (l/eV)

0.02
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-0.2 -0.15 -0.1 -0.05 -0

The last 0.35 eV
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The experiment

& & Superconducting magnet coils

phase delay loops —
amplifiers
mixers
detectors
transverse antenna array
A ph pih ppd /%J /%J /%J
endcap
* radiation antenna
T,gas

SOUrce

“GEHOOOOTOIIV

decay electron

decay electron

: . N
Superconducting magnet coﬂsk .
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Cyclotron radiation

® accelerating charge = EM radiation qB

— 2
mec
® Coherent, narrowband v

T o 1 T T

® High power per electron

1 2q°wf Bi

Po — ~ , 4
U 47ey  3c 1—p° i /

® FElectron energy contributes to o /
velocity v, power P, frequency w |

® (Can we detect this radiation, \ . }m
measure v, P W, and determine E+ [ - 1
| eV? ‘

®) Q .

®

1 1 1 L J -
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Frequency precision

® Schawlow: “Never measure
anything but frequency”

o f . -AE/E~ Af=1/At
® | eV energy resolution
o Af/f=2x10°¢ (easy!)
® At = 20pus (hard!)
® Bc-At = 1400 meters

® [hermal noise:

® Py(T) = keT Af

Ben Monreal, UCSB,ANT ’10
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Frequency

precision

Power Spectrum

x10™
- 24:—
® Schawlow: “Never measure < ,F — 18571 keV
. ’ 9 :_ : . e
anything but frequency 5 20 — 1875 keV
w1 18.579 keV
o f -AE/E~Af=1/At I6E"
14—
® | eV energy resolution 12F-
10
o Af/f=2x10° (easy!) S
o
® At = 20ps (hard!) ‘e J \ { /\ /L
2 e e e e i i i i e i i i i I i A i A i

® Bc-At = 1400 meters

® [hermal noise:

® Py(T) = keT Af

Ben Monreal, UCSB,ANT ’10

270156 270158 27.016 270162 270164 270166 27.0168

B=IT, f=30GHz
Af = 60kHz
Psignal =10-">W
Pc(10K) = 10-17 W

Freq [Hz]

x10°
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S.S. Cr.
tubes
connected to
physics can for
support

Mirror
coils
(location
& size

TBDY

Ben Monreal Cal
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UW prototype
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)
vl lem™2 pin
diode on p
| bottom 329
— LT
b —
[ Test
1| Antenna
PR 2.0000
\\\\\\Vﬁre
Holder
Hhysics 1.5000
ol. Cent
B Magn
1.0000 |~
h
N -|- hd7ee 20000
S
1
P= T T TCopper Braid
Cryogef/

minar 10/10

Bottom of

Friday, July 15,2011

12



Power Spectrum

83Rp — 83mK -
(t12=86d, BR=100%)

7.8 keV e+ 143 keV ¥
(ti2=1.8h, BR=25%)

_ x107°
= 24—
o -
: 2 — 18.571 keV
> - —— 18.573 keV
s 20 —— 18.575 keV
c m —— 18.577 keV
w18 —— 18.579 keV

16—

14
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2 s . ,
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UW prototype expected to detect
single e from 33MKr — 83Kr* + e(1C)

Power Spectrum

. x107°
2 -
- 2 —— 18.571 keV
5 F — 18.573 keV
o 20 — 18.575 keV
c - — 18.577 keV
w - I8E 18.579 keV
16—
14
12
o 10—
| % thermal 3
fluctuation — E
mean thermal “F )
noise — 2 :.:=#==F=#==.==#:;.--pu,--1-_,__1__,__T__I__T_:,__T__I_g;“'::gr::F=?::F:#::F=? ><109
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Freq [HZ]
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rare high-energy

many overlapping

low-energy electrons

electrons
% Or
=
c [ - o
5 — - 5 il
o 5_ U3 g
| - = Q
S | | &
e B i £
-1 - v
a — : . . .
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- £ 38
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S In
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&6 258 26 262
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.« . Frequency (GHz)
100,000 tritium electrons
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Complexities

| Electron energy Current detector simulation

nOt ConStant 8.5 nz trapped electron
— 64 8.45
o)
< 1 8.4
X 63,5
E 8.35
—
D -~ 63 8.3
+ M
e =
C E
B.25
> Tgo.s
(@) =
c 5 8,2
G ¢
b 62
@) 8.15
(D)
E H-l-l
— 61.5
a.a85
61 )
) 8.5 1 1.5 2
Tine {ns}

simulation M. Leber
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Complexities

| Electron energy Current detector simulation

nOt ConStant 8.5 nz trapped electron
2. B-field may not ™ .45
be uniform = 1 0.4
X 63.5
E 8.35
—
_'(L) ~ 63 8.3
© E
8.25
> =
O =@ 62,5
- 5 a.2
S |
O 62 a8.15
D
I 6.1
N— 61.5
8.85
61 8
8 8.5 1 1.5 2
Tine {(ns)

simulation M. Leber
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Complexities

|. Electron energy Power Spectrum
not constant 3022%
2. B-field may not =
: 4023_?
be uniform . F
. . 24 |
3. Oscillations, 20 E
. — 25_?
Doppler shifts = 307
frequency 107 -
sidebands 1077 -
1078
Magnet : \
. 1029;—
construction, ool N
DAQ bandw’dth 131f||||||||||||||||||||||||||||||||||||||
o 26.2 264 266 268 27 272 274 276 278 28
and SNR are all Freq [GHz]

entangled
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e Bad: most e escape in < lus (long)

Long solenoid/waveguide
5 5 e Bad: no power at f = fo; just red/blueshift
* (redshift at waveguide group velocity)

C QQQQQQQQQQQQ . * need high-bandwidth data analysis

e @ Good: data analysis is JUST fourier trans

Long solenoid/cavities e Bad: most e escape in < lus (long)
e Good: simplest possible spectrum (peak
at fo)

e Good: only need ~IMHz DAQ
e Bad: 30GHz is tough cavity size

Magnetic bottle e Good: keeps e- in view of simple antenna

for a long time

e Bad: center frequency depends on pitch
angle, radial position

e Maybe: all of the unknowns are encoded
in the rich sideband structure (??)
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-~ /‘ O B < O
/ / Iy /
) - Tal < \(;4’1!4/1';4\(.\/(.

Pinet _ Pinet

resonant cavity
longish, uniform field

ANAAANAAMAANAA AL AMAAAA AL AL AMA AN
= VUV VYTV VY VYUV VY VTV VIRV YUY

whole

A spectrum
One pass =shifted
=broad

Power-

t spectrum

NANANANANAANAAAAAALAANARA AN pZakzadd

UV YWYV YUY SV YT incoherently
——9 06— 9 0————9 o—o

MMM A
vvuvm’

Reanalysis can
substract “phase
shift” = narrow
peak at fo
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B(x)-1.0]

d e

104 3

10~/

10~10
/.5-m long region
10-°T uniformity

10713

hasmdel b

5 10 x(m) 15 20
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What sort of uniformity?

effect line position-
it dependent
on spectrum splitting enpdpoint
mm cm dm m |0m
typical electron :
B field averages explores range of lefeljent eldechrons Corlrecteddout by
over many wires Bs. High- experience di erent ow-order
= OK bandwidth Bs. multiple polynomial coils
DAQ, LIGO- antennas, offline =0OK

?
like templates? templates!

Magnet design, antenna config, and data analysis are
badly entangled
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Crazy ideas

* Solid block of Type-1 SC

* Bore a hole up the middle

* Put a small magnet at one
end

* Flux lines have to thread

ong hole

* Figld is proportional to

=foss section of hole
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Conclusions

* Project 8 is the first realistic
prospect for a post-KATRIN
neutrino mass experiment

e Coming soon: Ist single-electron
detection with 83™Kr source
* Quick low-res T, experiment!?

 Come up with “scalable design™ and
build tabletop version (~few-eV m,

sensitivity)

Power (arb. units)

* We welcome magnet and RF
engineering advice

* Proposal for large experiment
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