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Performance validation of a Daly detector for thermal ionization mass

spectrometry
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Abstract: To meet the requirements of thermoionization mass spectrometry (TIMS) for the determination of
low—abundance isotopes, it is necessary to configure a secondary electron multiplier (SEM) or Daly detector
ion counting detector on the TIMS. Compared to SEM, Daly offers high gain, low noise, good linearity,
long service life, and the photomultiplier tube is located outside the instrument’s vacuum system and easy to

replace, making it more cost—effective. The authors developed Daly detector consists of a detection chamber,

EEWB: BHEAULTH (4% WH2402) ¥EH)

WRBH: 2025-03-19 BEIHH: 2025-03-25

FE—1EE: T, L, 1998484, RV A, BSOS SN H T . E-mail: giaoluyi@qq.com

BIEMEE: BLK, H, 196544, IEmd TR, @iigfﬁﬁ TN HT BAZ TS5 S5 0 TAE . E-mail: guodongfa@
263.net

Supported by Nuclear Technology Research and Development Projects (No. Jl] H2402), China Atomic Energy Authority

Received date: 2025-03-19 revised date: 2025-03-25

First author: QIAO Luyi, female, bornin 1998, master’s degree candidate, focusing on nuclear mass spectrometry research and application.
E-mail: qiaoluyi@qq.com

Corresponding author: GUO Dongfa, male, born in 1965, senior engineer, doctoral supervisor, focusing on nuclear geological

analysis and nuclear mass spectrometry research and application. E-mail: guodongfa@263.net



5 A% b BT # 2

424 https://gwyd.cbpt.cnki.net/portal % 42 %

an ion conversion pole, a plastic scintillator, a fast-response photomultiplier tube, a preamplifier, a
single—photon counter, a power supply, and the measurement and control software. The response gating of
the Daly detector can be adjusted between 0.1~2 V, the photomultiplier tube has a high voltage of 800~900
V, the ion counting background is less than 0.1 cps, and the highest count rate is 40 Mcps. In this paper,
the performance of the Daly detector was verified by uranium isotope composition determination, and the

results showed that the intra—test precision of Daly for the CRMO0002 isotope abundance of *’U/**U was

0.073 %, and the intra—test precision of the isotope abundance of UTB500 was 0.139 %, 0.056 % and
0.214 % respectively for B4y AU, 2P0 AU and 20U AU, which met the requirements of ASTM

C1625—19.

Keywords: thermal ionization mass spectrometer; Daly detector; preamplifier; FPGA
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a—Daly Kzl #5375 B 5 b—Daly £ % 5 A N TBZ5 1 5 c—Daly I I #5 S 18

a—Schematic diagram of Daly detector; b—Mechanical diagram of the internal structure of Daly detector cavity ; c¢—Physical diagram
of Daly detector.
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Fig. 1 Mechanical position diagram of Daley detector
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a=The physical diagram of the photomultiplier tube; b-The physical diagram of the pre—magnification plate and the counting board.
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Fig. 2 The physical diagram of the Daley detector component
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Fig. 3 Simulation of the WARP filter
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a—Signal acquired at 1 ms intervals; b—Single—pulse signal characteristics.
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Fig. 4 Signal characteristics
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Fig. 5 Signal amplification, screening, and counting readout circuit diagram
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Table 1 Comparison of background counts under different shielding conditions
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Fig. 6 Relationship between high voltage and counting rate of photomultiplier tube
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Extraction: 2401V, D-focus: 4961V, D-bias: 4943V, Slit: 64V, Z-focus: 2986V, Z-bias: 3019 V; WARP filter parameters:
outer electrode: 2000V, central electrode: 6 800 V, inner electrode: 2 000 V; Scintillator high voltage: 200 V; Daly konck: =27
kV; PMT: 800 V.
7 B SRR A

Fig. 7 Relationship between threshold and count rate
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TN SEHLFEBH, WARP JEBE 0 BB FE 6 800 V
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e MHRAEAE: ST PO 45A, Bl 3.0A; BEFERSEC BB E: 7997V, BHEK: 7447V, SIHHE:
2401V, ZifRiEmEE: 4961V, FiffEmE: 4943V, MAERMLHIE: 64V, L%mE: 2986V, ThmE: 3019V;
FRUE R : 200 Vi BTG . 27 KV OLHRATIE A S k. 800 Vi BEBIEF I : 0.7 V.

Note:: Test conditions: filament ionization current: centerband: 4.5 A, sideband: 3.0 A; lon energy: 7997 V, Source: 7447V,
Extraction: 2401V, D-focus: 4961V, D-bias: 4943V, Slit: 64V, Z—focus: 2986V, Z-bias: 3019 V; Scintillator high voltage :
200 V; Daly konck: -27 kV; PMT: 800V, Discriminator threshold: 0.7 V.

P8 WARP JEGE T ML R 5 T B3R 00 R A

Fig. 8 Relationship between the voltage of the center electrode and the count rate of the WARP filter
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T IR/, V

T INKAME: ST B oAl 46 A, WAl 40A; BWFEBSH MEAE: 8015V, FHHE: 7937V, SliliH
JE: 5544V, ZEfifeii)i: 5732V, HfMiHRIE: 5748V, PREERMEWRIE. 210V, BFdE: 1223V, FHERIE: 1
279 Vi WARPIESEZH: Ahditk: 2000V, ol b: 6800V, MHLH: 2000 Vi INFRIKRETH : 200 Vi O AE 38 5
800 Vs Bl & BIME: 0.7 Ve
Note: Test conditions: filament ionization current: centerband: 4.5 A, sideband: 3.0 A; Ton energy: 7997 V, Source: 7447V,
Extraction: 2 401 V, D-focus: 4 961 V, D-bias: 4943 V, Slit: 64 V, Z-focus: 2 986 V, Z-bias: 3 019 V; WARP filter
parameters: outer electrode: 2 000 V, central electrode: 6 800 V, inner electrode: 2 000 V; Scintillator high voltage: 200 V;
PMT: 800V, Discriminator threshold: 0.7 V.
PO FT 8 MR e T 8 1) 5% T
Fig. 9 Effect of Daly knob high voltage on counting intensity
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Table 2 Summary of test conditions
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Table 3 Test results of CRM0002 Daly
75 75U Daly T4l /eps U Daly T4l /eps UL HE S R

1 1 407 8027914 0.000 175 263

2 1 465 8 345 490 0.000 175 544

3 1415 8 062 356 0.000 175 507

4 1448 8249 740 0.000 175 521

5 1463 8328 970 0.000 175 652

6 1473 8392 320 0.000 175 518

FHE 0.000 175 501

P A 22 1.278 73 E-07

X o i 22 1% 0.073

. CRMO0002 [Fl 7 % 2P U480 A 2% . 0.000 175 531,

% 4 UTB500 Daly iUl iz 45

Table 4 Test results of UTB500 Daly
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1 8331 729 530 2935 713513 0.011 676 03 1.022 435 0.004 113

2 8 164 715 700 2876 700 075 0.011 66161 1.022 449 0.004 108

3 9378 824 264 3313 806 153 0.011 633 03 1.022 388 0.004 110

4 8 628 757 480 3033 741 021 0.011 643 39 1.022 236 0.004 093

5 8 860 776 810 3116 760 230 0.011 654 37 1.022 467 0.004 091

6 8410 735771 2950 720 647 0.011 670 069 1.020 986 69 0.004 093 544
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