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 The B-NMR measurement
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B-Detected NMR -Overview
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Optical Pumping

First step: creation of the polarized beam via optical pumping
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Optical Pumping

First step: creation of the polarized beam via optical pumping
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Magnetic field increases —>decouples spins ->polarized nuclei



B-NMR

* Beamis implanted in the RF Coil Implantation Host
sample |

* Polarization is confirmed
-asymmetry between both
detectors
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B-NMR

B B
* Nuclei in a specific magnetic substate vy = ;— — %
. T
e Strong magnetic field
* RF at Larmor Frequency ->Transfer population between two
states-> decrease in asymmetry
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B-NMR

B B
* Nuclei in a specific magnetic substate vy = ;— — %
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B

>
-Decay Asymmetry —
Polarization
90°
* Weak interaction non parity conserving — a;-P=0.0
* Only acts on particles with left-handed —— a3-P=0.5
chirality — ap-P=0.9
\%
W(0B)=1+agP . cos(0)
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1/72* 0.0 12655
Qp-=11.68858MeV \ %pB~=100.0

ag... B Asymmetry
Parameter
(tot) ZIW%J
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ag ... B asymmetry parameter of a
transition -can be positive or negative
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where 7 is the Fermi and Gamow-Teller mixing ratio (7 =~ 0).

For some nuclei the total asymmetry is low:
1lBe, 49K
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B Spectrum of #°K
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B Spectrum of #°K

Highest energy:
->Transition to the ground state
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Figure: source nds.iaea.org, Betashape 2.2



Requirements for the Detectors

Thickness 6 cm -Plastic Scintillator
In magnetic field ->Silicon Photomultipliers

Simulation of B particles
@ 17cm
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Light Transport Simulations
-Geant4d

-Simulations in Geant4 with ‘optical’ /
photons -optics package =
-B particle hits the scintillator at a
random position.

-The number of ‘optical‘ photons
that are detected by the silicon
photomultipliers is recorded.




Energy Resolution, Detectors

- Early design
- Total internal reflection only

Only total internal reflection

All scintillation photons
\ \
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Energy Resolution, Detectors

- Optimized design ->light guide/diffuser

PMMA light guide/diffuser

Total internal reflection only

Total internal reflection plus outer reflector

All scintillation photons
P ~
$20000 Photons
8500 Photons 96000 Photons
0 Photons
100000 Photons
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Detector Setup

* Plastic scintillator ELJEN TECHNOLOGY 200,
* PMMA light guide,
* 64 6x6mm silicon photomultipliers

* surrounded by a diffuse reflector —optical Teflon

(Broadcom AFBR-
SAN66P024M
2x1 NUV-MT)

PCB -> D. Havranek DOI:10.13164/eeict.2024.109



https://doi.org/10.13164/eeict.2024.109
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NMR Measurement
of °K in KCI
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NMR Measurement

i

The same measurement
but:

Exclude every count
below an energy of
5MeV
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49K

High Precision -ppm N
Measurements
32
Using a liquid host >
-a low vapor-pressure ionic liquid, EMIM-DCA qé > P
* Field averaging effect g
-Molecular tumbling @ 28 =
) )
26 ¢ ;
ppm precision needed for: Bohr-Weisskopf effect
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see talk tomorrow by A. Nagpal 11:55 RF Frequency [MHZz]



Thank you,

Questions?
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