Physics Motivation

nuclear beta decay of Mg

techniques

e Monitoring of polarization of trapped ions using Annular silicon detectors
e The D measurement setup is composed of g (phoswich) and recoil-ion (MCP)

detectors to observe the g-recoil coincidences
e Goal is to reach the sensitivity down to 107> in the measurement of D parameter

Development of MCP based detection system for low energy ﬂ deeay experiment
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In the framework of MORA"“* project, the searches for new sources of CP
violation® has been carried out by measuring the D correlation* parameter In  « ((J)|E., Q., Q) dE.dQ.dQ, =

e Novel approach of combining the ion trapping , laser polarization and bunching

e Commissioning of MORA setup and the first proof of Polarization experiment

from the year 2022-23
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Different types of B-recoil coincidences which will be
recorded by the detection setup. The asymmetry in the
number of coincidences recorded at average Oer angles being
defined clockwise with respect to the spin direction gives D

Beta decay rate equation The D measurement setup
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Characterization of RIDE3 (Recoil Ion DEtector)

RIDE working principle

e MCP signal is amplified (about 10° times,
depending on the polarization voltage) with
particle hitting the surface

e The total charge Q . is spread on the surface of

the PTFI (resistive anode), illuminating its

fOllI‘ signals (Qleft’ erght’ Qtop Qbo’[tom)

e The value of these four charges depends on the
total charge and on the position of the incident
particle

(1) MgO layer(front plate) (2) Back plate (3) base
insulator surface, metallic conducting ring in b/w the
plates (4) The frame holding the stack,metallic screws

on each side
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Electron avalanche principle in Micro-channel plates
followed by their spatial distribution on the anode; Charge
distribution from Position sensitive anode in four directions

used to determine the MCP position readout.

First results from the online experiment

Last 3 phases of MORA experiment
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e Increase in the activity measured by the RIDE detectors can-¢Y¢l¢
be observed.
(taken with He injection).

e Observed activity mainly due to ion cloud’s evaporation
than the recoils from the decay of Mg ions.
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e Another way of determining the P value is by assessing the
observed coincidence with recoil ions which eventually helps to
minimize the high background

e The symmetry an be reformulated as a linear combination of the
and neutrino asymmetry coefficients

Detector image reconstruction and position calibration

e The image construction formula is ,
modified using the scaling factors T i’f.'f:ef"d.'i'\‘iii, EAEE e s ==
for the basic stretching and shifting R T 8 WLy A Hl- A .-
before applying the position
calibration.

e C(Correction polynomials up to the
third order are used in image
reconstruction order to get a good
agreement with the physical
position of the holes and in the
corrected real data.
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e Considering the screws as point like charges and by 120
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E field behaviour near the screws holding the MCP stack together, the force ¢ . L yie ((118 a resolutio .O 8 . ?14

exerted on electrons points away from them and towards the center of MCP mm l-Il X and 0.9 +~ 0.4 mm in y with a
position accuracy of §oxm

Absolute efficiency measurement

e RIDE testings with surface ionisation (**Na) pallet

e Homemade ion gun equipped with filament heating up at 4.5-5 volts, producing ions accelerating
at 1.5keV hitting the front of MCP with 1.5-6 keV

e Behlke switch (+3kV) supply for creating pulses of 2 us (t1) every 1oms of the cycle (t2) in 3 min of
acq. time (T)

e Offline ion guide simulation using SIMION toolkit (Mcp, - MCP )€ty
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Outlook

e Development of MCP based new recoil-ion detection system including position sensitive anode calibrated in position
and employing the high order detector image reconstruction

Maximum detection efficiency of 45% for ion’s ranging from 3.5-4.5keV justifying the minimum biasing potential of -3kV
First proof of ion trapping from RIDE activity during 3 hours of Polarisation(c',c") test

No sizeable asymmetry determination due to insufficient beta- recoil coincidences

Big scope of future improvement by implementing the longer trapping times, more ions trapped/bunches, much more
purified Mg beam
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