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[1] KamLAND-Zen Collaboration, “Search for the Majorana Neutrinos with the complete KamLAND-Zen Dataset”. Published 17 June 2024. arXiv:2406.11438
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AXEL: A Xenon ElectroLuminescence Detector ﬂél-l-
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AXEL Time Projection Chamber
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* Incident background radiation with energies near the Q-value of Xe-
136’s OvPB decay (2.46 MeV) may be detected and mistaken for OvB
decay signals if they, by pure random chance, produce a track similar
enough to that of OvBB decay (a two-blob shape) that machine
learning algorithms detect it as a false positive. e be e 047100008 coo0031351, custers

How much is too much background radi

[3] Courtesy of Akiyama Shinichi-san
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CW, SCW Simulation Comparison
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Experiment 1: CW Tests

Emcﬁ"a’, 10kHZ W 1 :L&'-l
Gena T Avdo = —T
pc Amp ' Transformer! a3

Fig 7. (Left) Schematic of the experimental setup
Fig 8. (Right) Photograph of the experimental setup (10CW)
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Conducted with 10, 20, 30, 40, 50 stage CWs
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SCW Feasibility Simulations
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Fig 9. Circuit diagram of simulation 10CW (top), 10SCW (bottom)



SCW Feasibility Simulations ﬂé I:I_

e Conducted with 10, 20, 40, 80-stage CWs and SCWs, plus the
following variations to test the necessity of adding a whole other
column of capacitors:

1. Modified (S)CW: the capacitance of the first ten stages of capacitors
was set to 0.15uF, 1.5x the experimental value used

2. Partially Modified CW: the capacitance of the first ten stages of
charging column capacitors was set to 0.15uF, 1.5x the experimental
value used

3. Alternatively Modified CW: aside from the first ten stages, the
capacitance of all other capacitors was set to 0.082uF, 0.82x the
experimental value used



10

20

30

40

50

80

Results

Experimental | Function
CW Output Generator
[kV] Output [mVpp]
-12.00 334
-23.12 29.6
-32.52 25.7
-40.2 21.8
-46.2 18.9
ybEL —

Simulated
CW Output
[kV]

-11.96

-23.69

-46.01
*-46.38
/\-46.20

-81.63
*-83.08
/\-82.36
[1-79.81

Simulated
SCW
Output [kV]

-11.99

-23.97

-47.90
*-47.91

-95.43

Experimental

Efficiency

100%

96.3%

90.3%

83.8%

77.0%

75.0%

Simulated
Ccw
Efficiency

99.7%

98.7%

95.9%
*96.6%
/\96.3%

85.0%
*86.5%
/\85.8%
[183.1%

Simulated | CW RE SCW RE
SCW Vpp [kV] Vpp [kV] | frequency | frequency
Efficiency
99.9% 0.0024 0.000032 10 20
99.9% 0.011 0.00006 10 20
99.8% 0.036 0.00012 10 20
*99.8% *0.030 *0.00011 *10 *20
/\0.036 /10
99.4% 0.13 0.00022 10 20
*0.12 *10
/\0.13 /A\10
[]0.15 (110

*: Modified (First 10 stages are 0.15uF) . /\: Partially Modified (First 10 charging column stages are 0.15uF). [J: Alternately Modified (Everything aside from first 10 stages are 0.082uF)
**: Taken from Kobayashi-san’s Bachelor’s Thesis
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Results @ -
4§25 1, n

L‘le—a(g” 375 - -
n(n+1) I (n+1)

poleon) v =z

O il
VD [kV] [kV] [kV] RE [kVpp] | RE [kVpp]
4000 0.00 0.04 0.0043 <0.02 0.0024 0.00033
20 16000 0.88 0.31 0.033 <0.04 0.011 0.0013
30 36000 3.48 0.11 <0.06 0.0028
40 64000 7.8 1.99 0.26 <0.08 0.036 0.0049
50 100000 13.8 0.50 <0.10 0.0076

* Experimental RE was unable to be measured as the precision of the ammeter used was only +0.01uA, above the expected magnitude of the current ripple
induced
* Magnitude of VD and RE was orders larger in both experiment and simulation than theoretically predicted (where applicable), either because the number of
stages is sufficiently high such that corrections involving higher order n is required to accurately predict both, or the input frequency is high enough such that
the capacitors do not respond uniformly
« The time constant of the circuit, RC, (specifically, the C portion) was approximately of order 10° to 102 s (from the time it took the disconnected circuit to
completely discharge), lower than expected
*  Most possibly due to the lower stages’ inability to fully charge the upper stages in time
* Since VD depends on RC, this may explain why the calculated theoretical VD is lower than the experimental and simulated values

28



Results

* ASSUMIN, s, -2 (2 Le-1)

2 6

I (2 3 1 2 n)
=—\|-n +—_n ——
fC\3 2 6

* holds true, and there is no parasitic impedance, the average effective
capacitance of each capacitor in a CWVM are as follows.

Avg C [nF]
20 3.77
30 3.18
40 3.34
50 3.68

e > fluctuates around 3nF

29



Conclusions reg. Exp. 1 & Simulations

e Efficiency increases in order AMCW, CW, PMCW, MCW, SCW=MSCW -
AMCW is not feasible

* The increase in efficiency from CW to PMCW to MCW is of order 0.01
while the increase in efficiency from MCW to SCW is of order 0.1 - SCW is

the most feasible

* As the impedance load increases, the efficiency of the audio amp-
transformer power source increases

* However, as the audio-amp came without a manual or a circuit diagram, further
analysis seems impossible

* Experimental efficiency was lower than simulated efficiency on most
counts, meaning that further losses that were not modelled are present

* The theoretical formulas for VD and RE are not applicable for practical use
in this case
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0. Photographs of the experimenta ‘éetup

The capacitance of each capacitor
was measured with a tester probe
to be 6.65+0.04 nF, and they were
confirmed to be able to withstand
potential differences of up to 1kV
M2 screws were used to affix the
capacitor sheets to the CW circuit
The tail end of the capacitors were
inserted into a Ziploc bag to
prevent mutual contact (and
contact with the aluminium base)
The experiment was conducted
thrice, with 10CW and 10kHZ
input, varying the input voltage
and recording the output voltage
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Conclusions reg. Exp. 2

e Discharge marks were found neither on the capacitors nor on the (S)CW circuit
itself, suggesting that either the discharge was too weak to distort the plastic, or
it occurred elsewhere

* Prime candidates are the tail ends of the M2 screws sticking out from above the (S)CW circuit

* The FPC capacitors work, but they have lower capacitances than expected

* Possibly due to the amount of resin between the plates being higher than expected, resulting
in a higher plate separation d

* The FPC capacitor CW works, but it has 1/4t" the efficiency of the ceramic
capacitor CW

* Possibly due to a combination of the following factors: the low capacitance of the FPC
capacitors, the increased parasitic impedance introduced by the use of M2 screws, the load
resistance not matching the source resistance resulting in efficiency loss

* Adjacent sheets of FPC capacitors may be too close, resulting in the space between adjacent
sheets acting as another capacitor, lowering efficiency



E==4
Al [BIFl____[C[nFl____|DInFl ____|EInF] | Average[nF] |Scaled [nF] _

12mm
13mm
14mm
15mm
16mm
17mm

18mm

M-

e & X145mm

T —00R

E
=

* Scaled [FRI DR 481.33nme AL~ 7= TEDR=

1.635
1.797
1.991
2.251
2.481
2.647
2.743

1.610
1.803
1.995
2.196
2.319
2.479
2.687

1.660
1.830
1.980
2.128
2.283
2.475
2.661

1.669
1.796
1.953
2.121
2.294
2.468
2.670

1.671
1.890
2.087
2.203
2.293
2.426
2.652

1.65+0.04 5.47+0.14
1.82+0.07 6.1+0.3
2.00+0.09 6.6+0.3
2.180+0.07 7.24+0.3
2.33+0.15 7.8+0.5
2.60+0.15 8.3+0.5
2.683+0.06 8.9+0.2
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