
˨͙͔ͫͫͪͭ͊ͼ͙Ύ ͤ͊ ͙͙͔ͫͦͫ͊ͤ͟ ͯ;͖͚ͤͦ ͔͔͙ͫͭͨͤ ͙͊ͤ͒͒͊ͭ͊͟ ͺ͙͘Φ-ͣ͊ͭΦ ͤ͊ͯ͟

ʂʠʥʝʪʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʚʫʭʬʘʟʥʳʭ ʘʨʛʦʥʦʚʳʭ ʜʝʪʝʢʪʦʨʘʭ 

ʜʣʷ ʧʦʠʩʢʘ ʊʸʤʥʦʡ ʤʘʪʝʨʠʠ

˿͔ͨͼ͙͊͡ΈͤͦͫͭΈΥ 1.3.15. ς̅ ͙͙͊͘͟ ͊ͭͦͣͤ·ͻ Ύ͔͒ͪ ͙ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ;͙͊ͫͭͼΣ 
ͺ͙͙͊͘͟ ͍·͙ͫͦ͟ͻ Ή͔͎͙͚ͤͪ

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ
͒ΦͺΦ-ͣΦͤΦ˿ͦͪͦ͟ͻ͍͍͊ͭͦ ˸Φ˨Φ

˹ˢ̇ˮ˻˹ˢ˶̎˹̍˯ ˮ˿˿˶˩˨˻ˤˢ́˩˶̎˿˴ˮ˯ ̇˩˹́˾
ζ˴̂˾̉ˢ́˻ˤ˿˴ˮ˯ ˮ˹˿́ˮ́̂́η

˹͊ ͍ͨͪ͊͊ͻ ͙͙ͪͯͦͨͫ͟

ɼʦʣʛʘʥʦʚ ɻʨʠʛʦʨʠʡ ɼʤʠʪʨʠʝʚʠʯ

˸͍ͦͫ͊͟ ς2024͎Φ



ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͪ͊͋ͦͭ·Υ

˨͡Ύ͔͚ͦͪͪͭͤͦͪ͊͋ͦͭ͟͟·͍͒ͯͻͺ͊ͤ͘·ͻ͍͔ͪͣΎ-͔ͨͪͦ͟ͼ͙ͦͤͤ·ͻ͔͊ͣͪ͟(ˤ˽˴)ͤ͊ͦ ͍͔ͫͤͦ

͙͔ͫ͗͗ͤͤ·ͻ͎͋͊ͦͪͦ͒ͤ͡·ͻ͎͍͔͊ͦͤ͘ ͦ͋ͻ͙ͦ͒ͣͦͤ͊ͭ͘Έͭͦ ;ͤͯΌͦ͟ ͤͺ͙͎ͯͪ͊ͼ͙Ό

Ή͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡ΎΣ͊ͭ ͔͙͔͙͊͗ͤͭͯ͟͟͟Ή͔͍͍ͭͪͦͤͦͤ͟͡ ͖ͣ.

͔̇͡Έ ͪ͊͋ͦͭ·Υ

ˮ͔͍͙͔͙͔͙͙ͫͫ͒ͦ͊ͤͤͭ͟͟͡Ή͔͍͍͍͙ͭͪͦͤͦͯͫͦ͟͡͡Ύͻ͔͙ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΉ͔͙ͭͪ͟͡;͔͎ͫͦͦ͟

ͨͦ͡Ύ͍͍͒ͯͻͺ͊ͤ͘·ͻˤ˽˴ͤ͊ͦ ͍͔͙͔ͫͤͦͫ͗͗ͤͤ·ͻ͎͋͊ͦͪͦ͒ͤ͡·ͻ͎͍͊ͦ͘.

ˤͫ ͍͔͍͙͙ͦͦͭͭͫͭͫͨ ͍͔ͦͫͭ͊ͤͤͦ͡ ͼ͚͔͡ΈΌ͔ͪ΄͙͊ͫ͡Έ͔ͫ͒ͯ͡Ό΅͙͔͊͒͊͘;͙:

1. ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡Ή͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ͙͟ ͙͔͙͙ͤͭ͟Ή͔͍͍͍ͭͪͦͤͦ͒ͯ͟͡ͻͺ͊ͤ͘·ͻˤ˽˴

͔͔͍͒ͭͭͦͪͦ͟ReD͙ DarkSide-20k.

2. ˽͍͔͔ͪͦͪ͊ͪͯ͘͟͡Έ͍͔͙͍͙ͭ͊ͭͦͣͦ͒ͪͦ͊ͤ͡Ύ͖ͨͯͭͣͫͪ ͍͔͙͊ͤͤΎͪ͊ͫ;͔͍ͭͦͨͪͦͼ͔͍ͫͫͦ

͔͚͒ͪͺ͙͙͊͒ͺͺ͙͙ͯ͘Ή͔͍͙ͭͪͦͤͦͫ͟͡ ͔ͣΌ΅͙͙ͣͫΎΉ͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͙ͣ͒͊ͤͤ·͙ͣ

͒͡Ύ͔͒ ͔ͭͭͦͪ͊͟ReD.

3. ˤ·Ύ͍͔͙͔͙ͤͨͪ͡;͙͍͙͍͔͙ͤͦͤͤͦͤ͘͟Ύ͔͔͚ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ͙͙ ͻ

͍͙͡Ύ͙ͤΎͤ͊ͪ ͍͊͋ͦͭͯ͒ͯͻͺ͊ͤ͘·ͻ͎͍͊ͪͦͤͦ·ͻˤ˽˴ͤ ͊ͨ ͙͔͔͔͔͍ͪͣͪ͒ͭͭͦͪͦ͟ReD͙

DarkSide-20k.

4. ˻͔͔͔͙͔͙ͨͪ͒ͤͦͨͭͣ͊͡͡Έͤ·ͻͤ͊͘;͔͙͚ͤͪ͊͋ͦ;͙ͻ͔ͨͦͭͤͼ͙͍͊ͦ͡, ͊͒͊͘Ό΅͙ͻ

Ή͔͙ͭͪ͟͡;͔͔͔͍ͫͦͨͦ͒͟͡ ͔͔͔͙͔͔ͭͭͦͪͦ͋ͫͨ͟;͙͍͊Ό΅͙ͻ͙͙ͣͤͣ͊͡Έ͔͙͔͙͔ͤͦͫ͊͗ͤ͟

͍·ͻͦ͒ͤ·ͻ͙͎͍ͫͤ͊ͦ͡Σ͊͒͟͟͡Ύͪ͊͋ͦͭ͊Ό΅͔͎͔͔ͦ͒ͭͭͦͪ͊͟ReD, ͙ͭ͊͒͟͡Ύ͋ͯ͒ͯ΅͔͎ͦ

ͪͯͨͤͦͣ͊ͫ͟΄͎͔͔ͭ͊͋ͤͦͦ͒ͭͭͦͪ͊͟DarkSide-20k. 2/22



˻͍ͫͤͦͤ·͔͔͙ͨͦͦ͗ͤ͡ΎΣ͍·͙ͤͦͫͣ·͔ͤ͊͘ ͊΅͙ͭͯ:

1. ˽͔͔͙͙ͪ͒ͦ͗ͤ͊ͦͨͭͣ͊͘͡ͼ͙Ύ͔ͣͭͦ͒͊3D-͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ͙͔͙͙ͤͭ͟͟

Ή͔͍͍͍ͭͪͦͤͦ͒ͯ͟͡ͻͺ͊ͤ͘·ͻˤ˽˴ͤ͊ͦ ͍͔͙͔ͫͤͦͫ͗͗ͤͤ·ͻ͎͋͊ͦͪͦ͒ͤ͡·ͻ

͎͍͊ͦ͘.

2. ˽͍͙ͦ͊͊ͤͦ͘͟͡Ύ͙͔ͤΉͺͺ͔͔͙ͭ͊ͤͦ͒ͤͦͪͦ͒ͤͦͫͭ͟Ή͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ

ͤ͊͊ ͙ͣͨͭͯ͒ͤ͡·͔͙͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔ͪͣͤͤ·͔ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟

ͫͦ͋·͙͚͍ͭ͒ ͍ͯͻͺ͊ͤ͘·ͻ͎͍͊ͪͦͤͦ·ͻˤ˽R˴eD D͙arkSide-20k.

3. ˽͔͙͍͔ͪͦ͒ͣͦͤͫͭͪͪͦ͊ͤ͊ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈͯ;͖͔͙͔ͭ͊ͤ͊ͦͨͤ͊ͪ͘͟͡Ύ͒͊ͤ͊

͔ͫͭͤ͊͟ͻ͍͒ͯͻͺ͊ͤ͘·ͻˤ˽˴ͤ͊ͦ ͍͔͙͔ͫͤͦͫ͗͗ͤͤ·ͻ͎͋͊ͦͪͦ͒ͤ͡·ͻ͎͍͊ͦ͘

͒͡Ύ ͍ͨͦ·΄͔͙ͤΎͭͦ;͙͔ͤͦͫͭͪͯ͘͡Έ͍͔͙͍͙ͭ͊ͭͦͣͦ͒ͪͦ͊ͤ͡Ύ

Ή͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ.

4. ˽ͦ͊͊ͤͦ͘͟, ;͙͍ͭͦͦͯͫͪͦ͊͟͟ͅΉ͔͍͙ͭͪͦͤͦͨͪͨͪͦ͟͡ͻ͔͙͙ͦ͗͒ͤ;͔͔ͪ͘

͔ͫͭͯ͟ˤ˽˴͙͍͙͍ͨͪͦ͒ͭ͟ ͙͍͔͙ͦͤͤͦͤ͘͟Ό͊ͨ͊͒͘͘·͍͊Ό΅͙ͻΉ͔͍͙ͭͪͦͤͦ͟͡

͔ͣͤΎ͔ͭͺͦͪͣΉ͔ͯͭͪͦ͟͡͡Ό͙͔ͣͤͫͼ͔͎͙͎ͤͭͤͦͦͫͤ͊͊͡.
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˽͙ͦͫ͟ ͖͚́ͣͤͦ ͔͙͙ͣ͊ͭͪ
˨͍ͯͻͺ͊ͤ͘·͔ ͍͔ͪͣΎ-͔ͨͪͦ͟ͼ͙ͦͤͤ·͔ ͔͊ͣͪ͟· όˤ˽˴ύ ͍͔ͤ͊ͦͫͤͦ ͙͔ͫ͗͗ͤͤ·ͻ ͎͋͊ͦͪͦ͒ͤ͡·ͻ ͎͊͊͘ͻ
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͔͙͔̏ͫͨͪͣͤͭ͟ ReD(Recoil Directionality Experiment)
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ȷ
ɐ
ɔ
ɖ
ɔ
ɗ
ɘ
ɢ
 
Ɋ
ɖ
ɋ
ɏ
ɚ
Ɇ
,
 
ɒ
ɒ
/
ɒ
ɐ
ɗ

ȳɆɕɖɥɌɦɓɓɔɗɘɢ ɊɖɋɏɚɔɈɔɉɔ ɕɔɑɥ, ɐȨ/ɗɒ

˭͍͙͙͊ͫͣͦͫͭΈ ͙ͫͦͪͦͫͭ͟ ͔͚͒ͪͺ͊ ͦͭ ͤ͊ͨͪΎ͖͙͗ͤͤͦͫͭ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ 
ͨͦ͡Ύ ͍ ͔͔͔͒ͭͭͦͪ͟ ReD

˹͊ͨͪΎ͖͗ͤͤͦͫͭΈ ͔͚͒ͪͺ͍͎ͦͦͦ ͨͦ͡Ύ ͎ͫͦ͊ͫͤͦ͡ 
͚ͫͭ͊ͪͦ нD ͣ ͔͙ͦ͒͡

˹͊ͨͪΎ͖͗ͤͤͦͫͭΈ ͨͦ͡Ύ ͫ ͯ;͖ͭͦͣ ͎͔͎ͫ͊ͦͤ͊͟͡Έ͚ͤͦ 
ͺͦͪͣ· ͍·ͭΎ͎͙͍͊Ό΅͔͚ ͔͙ͫͭ͟

˻ͼ͔͙ͤͭΈ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͤ͊͘;͔͙͔ͤ ͔͚͒ͪͺ͍͎ͦͦͦ ͨͦ͡Ύ ͍ ͔͔͔͒ͭͭͦͪ͟ ͣͦ͗ͤͦ ͫ ͨͦͣͦ΅ΈΌ 
ͨͦͯ͡Ή͙͙ͣͨͪ;͔͚ͫͦ͟ ͺͦͪͣͯ͡·[1]Φ ́͊͊͟Ύ ͦͼ͔ͤ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍͙ͫͨͪ͊ͭΈ ͦ΄͙͙͋͟ нD ͨ ͙͙͔͙ͪ͋͗ͤ͡ΎΣ ͤͦ ͔ͤ 

͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͔ͫͭΈ ͔͍ͪ͊͟·͔ Ήͺͺ͔ͭ͟· ͙ ͍͙ͦͤ͊͘͟Ό΅͙͔ ͙͘-͊͘ ͙ͤͻ ͔͙ͤͦ͒ͤͦͪͦ͒ͤͦͫͭ ͨͦ͡Ύ 

ȳɆɕɖɥɌɦɓɓɔɗɘɢ ɊɖɋɏɚɔɈɔɉɔ ɕɔɑɥ, ɐȨ/ɗɒ

ȷ
ɐ
ɔ
ɖ
ɔ
ɗ
ɘ
ɢ
 
Ɋ
ɖ
ɋ
ɏ
ɚ
Ɇ
,
 
ɒ
ɒ
/
ɒ
ɐ
ɗ

T = 85 K

T = 88 K

T = 91 K
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[1] - Read F. H. et al. Short-and long-range penetration of fields and potentials through meshes, grids or gauzes //Nuclear Instruments and 
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. ς1999. ς́ Φ пнтΦ ςЅΦ м-2. ς˿ Φ 

363-367.



˾͔ͯ͘͡Έͭ͊ͭ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͍ ͔͔͔͒ͭͭͦͪ͟ ReD
(͊ͤͦ͒ τрнмм ˤΣ ͊ͭͦ͒͟ τόҍуплύ ˤΣ ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ τсл ˤύ

ˮ -͊͘͘ ͙ͪ͊ͤ͘ͼ· ͙͒Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͎͊ͪͦͤ͊ ͙ ͙͊ͪ͊͟͡Σ ͍͙ͤͯͭͪ 
͙͍͚͊ͪͦͦ͟͡ ͔͙ͫͭͤ͟ ͍͙͔ͦͤ͊ͭ͘͟ ͙͋͘·ͭͦ;ͤ͊Ύ ͔ͯͭ;͊͟ ͨͦ͡Ύ ͙͍ͨͪͦ͒Ύ΅͊Ύ ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό 

ͦ͊͟͡͡Έ͚ͤͦ ͔͙ͤͦ͒ͤͦͪͦ͒ͤͦͫͭ ͨͦ͡Ύ

7/22



˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͔͚͒ͪͺ͙͊ ͙͒ͺͺ͙͙ͯ͘ Ή͔͍ͭͪͦͤͦ͟͡ 

‘
ὥ ὥὉ ὥὉϳ ὥὉϳ

ρ ϳὥ ὥ Ὁ ὥὉ ὥὉ

Ὕ

Ὕ

‘ώͫͣ2κˤκͫϐ ςͨ ͍͙ͦ͒͗ͤͦͫͭΈ Ή͔͍ͭͪͦͤͦ͟͡;

ὥ = 551.6ώͫͣ2κˤκͫϐ; ὥ = 7158.3; ὥ = 4440.43, ὥ = 4.29; ὥ = 43.63;ὥ = 0.2053; Ὕ = 89 K; 

Ὁ[͟/ʕͫ ]ͣ ςͤ ͊ͨͪΎ͖͗ͤͤͦͫͭΈ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ;Ὕ[K] ςͭ ͔͔ͣͨͪ͊ͭͯͪ͊ ͙͎͗͒ͦͦ͟ ͎͊ͪͦͤ͊

ὺ
άά

‘ί
‘
Ὁ

ρππ

Ὀ
‘‭

Ὡ

Ὀ

Ὀ
ρ
Ὁ

‘

‬‘

‬Ὁ

‭
ὦ ὦὉ ὦὉ

ρ ϳὦ ὦ Ὁ ὦὉ

Ὕ

Ὕ

‭ώΉˤϐ-ͨͪͦ͒ͦ͡Έͤ͊Ύ Ή͔͎͙ͤͪΎ ͔͚͒ͪͺͯΌ΅͙ͻ Ή͔͍ͭͪͦͤͦ͟͡;

ὦҐ лΦллтр ώΉˤϐΤ ὦ= 742.9; ὦ = 3269.6; ὦ = 31678.2; Ὕ= 87 K;

Ὁ[͟/ʕͫ ]ͣ  ςͤ ͊ͨͪΎ͖͗ͤͤͦͫͭΈ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ; 

Ὕ[K] ςͭ ͔͔ͣͨͪ͊ͭͯͪ͊ ͙͎͗͒ͦͦ͟ ͎͊ͪͦͤ͊

1. Li Y. et al. Measurement of longitudinal electron diffusion in liquid argon // NuclInstrumMethods Phys Res A. 2016. Vol. 816.

˿ͦͪͦͫͭ͟Έ ͔͚͒ͪͺ͊ Ή͔͍ͭͪͦͤͦ͟͡ ͍ ͙͗͒ͦͣ͟ ͎͔͊ͪͦͤ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ [1]:

˴ͦΉͺͺ͙ͼ͙͔ͤͭ· ͨͪͦ͒ͦ͡Έ͚ͤͦ(Ὀ)͙ ͔͔ͨͦͨͪ;͚ͤͦ(Ὀ )͙͒ͺͺ͙͙ͯ͘ 
Ή͔͍ͭͪͦͤͦ͟͡ ͍ ͙͗͒ͦͣ͟ ͎͔͊ͪͦͤ [1]:
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˸͙͊ͫͣ͊͟͡Έ͔ͤͦ ό͔ͨͦͤͦ͡ύ ͍͔ͪͣΎ ͔͚͒ͪͺ͊
(͊ͤͦ͒ τрнмм ˤΣ ͊ͭͦ͒͟ τόҍтппύ ˤΣ ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ τус ˤύ

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͔͋͘ ͯ;͖ͭ͊ ͙͒ͺͺ͙͙ͯ͘˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͫ ͯ;͖ͭͦͣ ͙͒ͺͺ͙͙ͯ͘

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͒͊ͤͤ·͔ ͒͡Ύ ͎ͦ͒ͤͦͦ ͤ͊͋ͦͪ͊ 
͒͊ͤͤ·ͻ

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͒͊ͤͤ·͔Σ ͦ͋Ά͔͙͖͒ͤͤͤ·͔ 
͒͡Ύ ͔ͤͫͦ͟͡Έ͙͟ͻ ͙͔͔͙͚ͣͪͤ͘

Ὢὸ Ƞὴȟ„ȟ„ȟὸ ὃɇὴɇÅÒÆÃ
ὸ ὸ

„
ρ ὴɇÅÒÆÃ

ὸ ὸ

„
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˭͍͙͙͊ͫͣͦͫͭΈ ͎ͨͦͤͦͦ͡ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ ͦͭ ͔͙ͤͦ͒ͤͦͪͦ͒ͤͦͫͭ ͨͦ͡Ύ
(͊ͤͦ͒ τрнмм ˤΣ ͊ͭͦ͒͟ τόҍтппύ ˤύ

ȵɔɘɋɓɜɎɆɑ ɕɋɖɈɔɉɔ ɐɔɑɢɜɆ, Ȩ

ȵ
ɔ
ɑ
ɓ
ɔ
ɋ
 
Ɉ
ɖ
ɋ
ɒ
ɥ
 
Ɋ
ɖ
ɋ
ɏ
ɚ
Ɇ
,
 
ɒ
ɐ
ɗ

˿͔͙͔ͪ͒ͤ ͤ͊͘;͔͙ͤΎ ͨͦ ͍͔ͫͣ ͙͔͔͙ͣͪͤ͘Ύͣ

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͔ͪͯ͘͡Έͭ͊ͭ·

˾͔ͯ͘͡Έͭ͊ͭ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ
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ˤ͙͡Ύ͙͔ͤ ͔͎ͤ͊ͦͨͤͤͦͦ͟͡(ҒнмΦпͨ˴͡)͊ͪ͘Ύ͒͊ ͤ͊ ͔ͫͭͤ͊͟ͻ ͔͔͒ͭͭͦͪ͊͟ ReD
(͊ͤͦ͒ τрнмм ˤΣ ͊ͭͦ͒͟ τόҍтппύ ˤΣ ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ τус ˤύ

ˣ͔͘ ͔͔͖͎ͪ͊ͫͨͪ͒ͤͤͦͦ͡ ͊ͪ͘Ύ͒͊ҒнмΦпͨ˴ͪ͊͡ ͔͔͖͎ͫͨͪ͒ͤͤͦͦ͡ ͊ͪ͘Ύ͒͊

˾͔͔͔͙͊ͫͨͪ͒ͤ͡Ύ Ή͔͍ͭͪͦͤͦ͟͡ ͤ͊ ͔ͫͭͤ͊͟ͻ 
͔͊ͣͪ͟· ͔͔͒ͭͭͦͪ͊͟ ͔͋͘ ͯ;͖ͭ͊ 
͔͎ͤ͊ͦͨͤͤͦͦ͟͡ ͊ͪ͘Ύ͒͊

˾͔͔͔͙͊ͫͨͪ͒ͤ͡Ύ Ή͔͍ͭͪͦͤͦ͟͡ ͤ͊ ͔ͫͭͤ͊͟ͻ 
͔͊ͣͪ͟· ͔͔͒ͭͭͦͪ͊͟ ͙ͨͪ ͍͔͙͙͒ͦ͋͊ͤ͡ 
ҒнмΦпͨ˴ͪ͊͡ ͔͔͖͎ͫͨͪ͒ͤͤͦͦ͡ ͊ͪ͘Ύ͒͊

11/22



ˮ͔͔͙͔ͣͤͤ͘ ͎ͨͦͤͦͦ͡ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ ͙ ͙͊ͣͨͭͯ͒͡· ͙͎ͫͤ͊͊͡ S2ͫͦ 
͍͔͔͔͍ͪͣͤͣ ͔͔͔͒ͭͭͦͪ͟ ReD

(͊ͤͦ͒ τрнмм ˤΣ ͊ͭͦ͒͟ τόҍтппύ ˤΣ ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ τус ˤύ

ˮͫͭͦ;͙ͤ͟Υ 241Am, Eɹ = 59,рп ͟Ήˤ

ˣ͔͘ ͔͔͖͎ͪ͊ͫͨͪ͒ͤͤͦͦ͡ ͊ͪ͘Ύ͒͊ҒнмΦпͨ˴ͪ͊͡ ͔͔͖͎ͫͨͪ͒ͤͤͦͦ͡ ͊ͪ͘Ύ͒͊

Ȩɖɋɒɥ ɕɔɗɑɋ ɗɔɍɊɆɓɎɥ ɕɔɑɥ, ɊɓɎ

Ȧ
ɒ
ɕ
ɑ
Ɏ
ɘ
ə
Ɋ
Ɇ
 
ɗ
Ɏ
ɉ
ɓ
Ɇ
ɑ
Ɇ
 

S
2
,
 
ɚ
ɔ
ɘ
ɔ
ɣ
ɑ
ɋ
ɐ
ɘ
ɖ
ɔ
ɓ
ɡ

˴͙ͪͯ͗͟ ςͫ ͦ͋·͙ͭΎ ͍ ͼ͔͔ͤͭͪ ͔͔͒ͭͭͦͪ͊͟

˴͍͊͒ͪ͊ͭ· -ͫͦ͋·͙ͭΎ ͍͙͙͋͘͡ ͔ͫͭͤͦ͟ 
͔͔͒ͭͭͦͪ͊͟

˿͙͙͙ͤͣ ͔͘ ͖ͤ͡·ͣͼ͍͔ͭͦͣ ͦ͋ͦͤ͊͘;͊ΌͭͫΎ ͔͍ͨͪ͊Ύ ͙ 
͍ͭͦͪ͊Ύ ͔͙ͫͪΎ ͙͔͔͙͚ͣͪͤ͘ 
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͙͍̅ͦͯͫͪͦ͊͟͟ Ή͔͍ͭͪͦͤͦ͟͡ ͙ͨͪ ͨͪͦͻ͔͙͙ͦ͗͒ͤ ͔͙ͫͭ͟ ͍ ͔͔͔͒ͭͭͦͪ͟ ReD

e-

ˢͤͦ͒ τрнмм ˤΣ ͊ͭͦ͒͟ τόҍтппύ ˤΣ ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ τус ˤ

˭͍͙͙͊ͫͣͦͫͭΈ ͙͔͙͙͒ͫͨͪͫ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ 
Ή͔͍ͭͪͦͤͦ͟͡ ͦ͋͊͊͟͡ ͦͭ ͔͔͎ͫͪ͒ͤͦ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ 

Ή͔͎ͭͪͦͤͤͦͦ͟͡ ͦ͋͊͊͟͡

ˤ͔ͪͣΎ ͔͚͒ͪͺ͊ Ή͔ͭͪͦͤ͊͟͡ ͫ 
͍͔ͨͦͪͻ͙ͤͦͫͭ ͊ͭͦ͒͊͟
ό͔͋͘ ͯ;͖ͭ͊ ͙͒ͺͺ͙͙ͯ͘ύ

Y
, ͣ
ͣ

X, ͣ ͣ 13/22



͙͍̅ͦͯͫͪͦ͊͟͟ Ή͔͍ͭͪͦͤͦ͟͡ ͫ ͯ;͖ͭͦͣ ͙͒ͺͺ͙͙ͯ͘ ͍ ͔͔͔͒ͭͭͦͪ͟ ReD
(͊ͤͦ͒ τрнмм ˤΣ ͊ͭͦ͒͟ τόҍтппύ ˤΣ ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ τтл ˤύ

„ лΣлмрͣ͟ ͫ2

͍͔͙̂͡;͔͙͔ͤ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ Ή͔͎ͭͪͦͤͤͦͦ͟͡ ͦ͋͊͊͟͡

˨͙͔͙ͫͨͪͫΎ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ Ή͔͍ͭͪͦͤͦ͟͡ ͦ͋͊͊͟͡

„ лΣлмрͣ͟ ͫ2

͔̏ͭͪͦͤ͟͡· ͙͊ͨͯͫ͊ͫ͘͟͡Έ ͫ р ͣͣ ͨͦ͒ ͔͚ͫͭͦ͟

͔͖͔̂ͫͪ͒ͤͤͤͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͍͔͖ͪͣͤ ͔͚͒ͪͺ͊ 
Ή͔͍ͭͪͦͤͦ͟͡ ͍ ͔ͦ͋͊͟͡ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͔͎ͫͪ͒ͤͦ
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˽͎͔ͦͪ΄ͤͦͫͭΈ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙ͦͦͪ͒ͤ͊ͭ͟· ͫͦ͋·͙ͭΎΣ ͍͔ͦ͋ͯͫͦͤͤ͊͡͡Ύ 
͔ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΈΌ ͔͚͒ͪͺ͍͎ͦͦͦ ͨͦ͡Ύ
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͔͙͔̏ͫͨͪͣͤͭ͟DarkSide-20k

̅ͦͪͣ͊ ͍·ͭΎ͎͙͍͊Ό΅͔͚ 
͔͙ͫͭ͟ ͍ ͔͙ͣͦ͒͡
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˻͒ͤͦͪͦ͒ͤͦͫͭΈ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͍ Ή͔͙͔͔ͫͨͪͣͤͭ͟ DS-20k
(2D ͨ ͙͙͔͙͔ͪ͋͗ͤ͡ύ

200 ʕ κͫͣ ͍ ͔͚͒ͪͺ͍ͦͦͣ ͦ͋Ά͖͔ͣ ͙ пнлл ˤκͫͣ ͍ ͎͍͊ͦͦͣ͘ ͔͊ͪͣ͊ͤ͟ ͙͎͒ͦͫͭ͊ΌͭͫΎ ͙ͨͪ ͨͦ͒͊;͔
-плмл ˤ ͤ͊ ͔ͫͭͯ͟Σ -прул ˤ ͤ͊ ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ ͙ -тооул ˤ ͤ͊ ͊ͭͦ͒͟Φ ˢͤͦ͒ ͔͖͊ͣͤ͘͘͡Φ

˹͊ͨͪΎ͖͗ͤͤͦͫͭΈ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͍ ͎ͯͯ͡ 
͔ͣ͗͒ͯ ͍·ͭΎ͎͙͍͊Ό΅͔͚ ͔͚ͫͭͦ͟ ͙ ͔͚ͫͭͤͦ͟ ͔͊ͣͪ͟·˭͍͙͙͊ͫͣͦͫͭΈ ͔ͫͣ΅͔͙ͤΎ Ή͔͎ͭͪͦͤͤͦͦ͟͡ ͦ͋͊͊͟͡ ͦͭ 

͍͔͔͙ͪͣͤ ͔͎ͦ ͔͚͒ͪͺ͊
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͙͍̅ͦͯͫͪͦ͊͟͟ Ή͔͍ͭͪͦͤͦ͟͡ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͔͙ͫͭ͟

͎̊͊ ͔͙ͫͭ͟ н ͣͣ
„ πȟπφςπȟππυͣ 2ͣ

͎̊͊ ͔͙ͫͭ͟ о ͣͣ
„ πȟρυυπȟππυͣ 2ͣ

„ „ ςὈὸ; Ὀ -ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͨͪͦ͒ͦ͡Έ͚ͤͦ ͙͒ͺͺ͙͙ͯ͘Σ „ -͍ͨͦͨͪ͊͊͟ ͤ͊ ͙͔͙͔ͫ͊͗ͤ͟ Ή͔͎ͭͪͦͤͤͦͦ͟͡ ͦ͋͊͊͟͡ ͙ͨͪ ͔͎ͦ 
ͨͪͦͻ͔͙͙ͦ͗͒ͤ ;͔͔ͪ͘ ͔ͫͭͯ͟

͎̊͊ ͔͙ͫͭ͟ п ͣͣ
„ πȟςυχπȟππψͣ 2ͣ

͎̊͊ ͔͙ͫͭ͟ о ͣͣ
„ πȟρυυπȟππυͣ 2ͣ

Ὀ φȟππςπȟπρπͫ2ͣκͫ
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˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͺͦͪͣ· ͙͎ͫͤ͊͊͡ S2

ώ ὸȠ†ȟ†ȟὴȟὝ ὴɇώ ὸȠ†ȟὝ ρ ὴɇώ ὸȠ†ȟὝ

ώ ὸȠ†ȟὝ
ρ

Ὕ

πȟ

ρ Ὡ ϳȟ

Ὡ ϳ Ὡ ϳȟ

ὭὪὸ π
ὭὪπ ὸ Ὕ
ὭὪὸ Ὕ

ώ ὸȠ†ȟ†ȟὴȟὝȟ„ȟὃȟώȟὸ ώ ὃ ώὸ ὸȠ†ȟ†ȟὴȟὝȟ„

ώὸȠ†ȟ†ȟὴȟὝȟ„ ὴɇώ ὸȠ†ȟὝȟ„ ρ ὴɇώ ὸȠ†ȟὝȟ„

ώ ὸȠ†ȟὝȟ„
ρ

ςὝ
ώ ὸȠ†ȟ„ ώ ὸ ὝȠ†ȟ„

ώ ὸȠ†ȟ„ ÅÒÆ
ὸ

ς„
Ὡ ϳὩ ϳ ÅÒÆÃ

„ ὸ†

ς„†

̅ͦͪͣͯ͊͡ ͒͡Ύ ͙͊ͨͨͪͦͫͣ͊͟ͼ͙͙
͎͔͔͙͍͎ͫͤͪͪͦ͊ͤͤͦͦ ͙͎ͫͤ͊͊͡[1]:

̅ͯͤ͟ͼ͙ΎΣ ͊͒͊͘Ό΅͊Ύ ͺͦͪͣͯ ͙͎ͫͤ͊͊͡ S2 [1]:

1. Agnes P. et al. Electroluminescence pulse shape and electron diffusion in liquid argon measured in a dual-phase TPC // NuclInstrum
Methods Phys Res A. 2018. Vol. 904.

мл ͣͣ ͨͦ͒ ͔͚ͫͭͦ͟Σ ͤ͊;͊͡Έͤ͊Ύ 
͙ͦͦͪ͒ͤ͊ͭ͊͟ ͨͦ ͼ͔ͤͭͪͯ 

͔͍ͣ͗ͨͪͦͦͦ͡;͎͔ͤͦͦͨͪͦͣ͗ͯͭ͊͟

мл ͣͣ ͨͦ͒ ͔͚ͫͭͦ͟Σ ͤ͊;͊͡Έͤ͊Ύ 
͙ͦͦͪ͒ͤ͊ͭ͊͟ ͨͦ͒ ͍ͨͪͦͦͦ͡;͚ͦ͟ 

͔͙ͫͭ͟

пу ͫͣ ͨͦ͒ ͔͚ͫͭͦ͟Σ ͤ͊;͊͡Έͤ͊Ύ 
͙ͦͦͪ͒ͤ͊ͭ͊͟ ͨͦ͒ ͍ͨͪͦͦͦ͡;͚ͦ͟ 

͔͙ͫͭ͟
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ώ πȟT= 1,2ͣͫ͟Σ p = 0,08, ̱1Ґ лΣлмм ͣͫ͟Σ 2̱ Ґ оΣн ͣͫ͟Τ
ὸ, „, ὃςͨ ͔͊ͪ͊ͣͭͪ· ͙͊ͨͨͪͦͫͣ͊͟ͼ͙͙



˭͍͙͙͊ͫͣͦͫͭΈ ͍͊͒ͪ͊ͭ͊͟ ͨͪͦ͒ͦ͡Έ͎ͤͦͦ ͔ͪ͊ͣͪ͊͘ 
ͦ͋͊͊͟͡ ͦͭ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ ͍ Ή͔͙͔͔ͫͨͪͣͤͭ͟ 

DarkSide-50[1]

„ πȟπσστπȟπππφͣ 2ͣ

„ πȟρυυπȟππυͣ 2ͣ

˿͍͔͙͔ͪ͊ͤͤ ͫ ͒͊ͤͤ·͙ͣͪ͊͋ͦͭ· Ή͔͙͔ͫͨͪͣͤͭ͊͟ DarkSide-50

1. Agnes P. et al. Electroluminescence pulse shape and electron diffusion in liquid argon measured in a dual-phase TPC // Nucl
InstrumMethods Phys Res A. 2018. Vol. 904. 20/22

˭͍͙͙͊ͫͣͦͫͭΈ ͙͔͙͙͒ͫͨͪͫ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ 
Ή͔͍ͭͪͦͤͦ͟͡ ͦͭ ͍͔͔͙ͪͣͤ ͔͚͒ͪͺ͊ Ή͔͎ͭͪͦͤͤͦͦ͟͡ 

ͦ͋͊͊͟͡ ͍ ͔͔͔͒ͭͭͦͪ͟ ReD

„ πȟρπωπȟππφͣ 2ͣ



˭͊͟͡Ό;͔͙͔ͤ

͙́͊ͣͦ͋ͪ͊ͦͣ͘͟Σ͒͡Ύ͔͎͙ͦͪͪͭͤͦͦ͊ͤ͊͊ͤ͊͋͘͟͟͡͡Ό͔͒͊ͣ·ͻ͙͎͍͍͍ͫͤ͊ͦ͒ͯ͡ͻͺ͊ͤ͘·ͻˤ˽˴ͤ͊

͍͔͎͔ͦͫͤͦ͊ͪͦͤ͊ͤͦ͋ͻ͙ͦ͒ͣͦͯ;͙ͭ·͍͊ͭΈ͔͙͙͔͙͙ͦͫͦ͋ͤͤͦͫͭͤͭ͟͟Ή͔͍͍ͭͪͦͤͦ͟͡ ͍͙ͯͫͦ͡Ύͻ

͔͙͔͚ͤͦ͒ͤͦͪͦ͒ͤͦͫͭ͒ͪͺ͍͎ͦͦͦͨͦ͡ΎΣͦͭͦͪ͊͟Ύ͔͍ͣͦ͗ͭͦ ͙ͤͤͯͭ͘͟Έ͍͙͎͔͊ͫͯ͟͟͡ ͔͙͙͎ͦͣͭͪͫ͊ͣͦͦ

͔͔͒ͭͭͦͪ͊͟Σ͙ͭ͊͋͟ ·ͭΈͦ͋ ͯͫ͡ ͍͔͔͙͍ͦͤ͊ͨ͊ͪ͊ͣͭͪ͊ͣ͡·ͭΎ͎͙͍͊Ό΅͔͚͔͙ͫͭ͟. ˢ͙ ͔ͣͤͤͦ:

Å ˹͔ͦ͒ͤͦͪͦ͒ͤͦͫͭΈΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύͨͪ ͙͍͙͙͔ͦ͒ͭ͒ͦͨͦͤͭ͟͡͡Έ͚͎͔ͤͦͨͦͪ΄͙͍͍͔͙ͤͦͫͭͦͫͫͭ͊ͤͦͤ͡Ύ

͙ͦͦͪ͒ͤ͊ͭͫͦ͋͟·͙͚͙ͭͫ ͍͔ͦͨͪͦͦ͗͒͊ͭͫΎ͔͙͔ͤ͊ͦͨͤͣ͊ͪ͘͟͡Ύ͒͊ͤ͊ͫ ͔ͭͤ͊͟ͻ͔͔͒ͭͭͦͪ͊͟.˹͙͍͊͊ͨ͊͟͡Ό΅͙͚ͫΎ

͊ͪ͘Ύ͔͙͔͔͒ͦͣͨͤͫͪͯͭͤͦ͒ͤͦͪͦ͒ͤͦͫͭ͟Έͨͦ͡Ύ͙Σ͔ͨͦͭͤͼ͙͊͡ΈͤͦΣ͔͔ͦ͋ͫͨ;͙͔͔͚ͭͦ͒ͤͦͪͦ͒ͤͦ͒ͪͺ͍͔͔ͦͦͨͦ͡

͍͔͔͔͒ͭͭͦͪ͟. ˻͒ͤ͊ͦ͟Ήͭͦͭͨͪ ͦͼ͔͔ͫͫͣͦ͗ͭͨͪ ͦ͒ͦ͗͊ͭͫ͡Ύ͍͔ͭ;͔͙͔͔ͤͤͫͦ͟͡Έ͙͟ͻ͔͚͒ͤΣ;͔͔ͭͦͫ͒ͯͭ͡

ͯ;͙ͭ·͍͊ͭΈ͙ͨͪ͊͟ ͙͍͔͋ͪͦͪ͊͋ͦͭ͟͡·͔͔͒ͭͭͦͪ͊͟.˴͔͎ͪͦͣͭͦͦΣͯ;͙ͭ·͍͊ΎΣ;ͭͦ͊͘ ͪΎ͔͒ͤͭͦ͡Έ͔͔ͦͦͫ͒͊ͭ͟Σ͙ͤͦ

͔͔͔͔ͨͦͫͭͨͤͤͦͫͭ͊ͭͫͦͫ͟ ͔͔͔ͭͤͦ͒ͭͭͦͪ͊͟͟Σ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ͔ͪ͊͡Έ͚ͤͦͪ͊͋ͦ;͔͚ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙ͨͦ͡Ύ͍

ͫͯ͡;͔͊ͤ͊͘;͙͔ͭ͡Έ͚͔͖ͤͦͤ͊;͊͡Έ͚͔͙͍͙ͤͦͤͦ͒ͤͦͪͦ͒ͤͦͫͭͫͭ͊ͤͦͭͫΎ͙͔͊ͭͪͯ͒ͤͭ͘͡Έͤ·ͣ.

Å ͙͍̅ͦͯͫͪͦ͊͟͟Ή͔͍͙͙ͭͪͦͤͦͨͪ͟͡ͻͨ ͪͦͻ͔͙ͦ͗͒ͤ;͙͔͔͍ͪ͘·ͭΎ͎͙͍͊Ό΅ͯΌ͔͎͙ͫͭͯͦͪ͊ͤ͟;͙͍͔͊ͭͦ͋͊ͫͭ͡Έ

͙ͦͦͪ͒ͤ͊ͭ͟Σ͍͟ ͦͭͦͪ·ͻ͙͎ͦͤͣͦͯͭͦ͊͊ͭ͘͟ΈͫΎͤ͊ͨ ͍͔ͦͪͻ͙ͤͦͫͭ. ˴͊ͫ͟͡ ͔͍͙͔͒ͫͭΣ͍͔ͪͦΎͭͤͦͫͭΈͤ͊͋͡Ό͔͙͒ͤΎ

ͫͦ͋·͙ͭΎ͍ͼ͔ͤͭͪ͊ͻΎ;͔͔͔͙ͫͭ͟͟ό͙͙͔ͣ͡ ͍͗ͨͪͦͦͦ͡;ͤ·ͻ͔ͨͪͦͣ͗ͯͭ͊͟ͻύͤ͊͘;͙͔ͭ͡Έ͍ͤͦ·΄͔Σ͍

͔͙ͦͫͦ͋ͤͤͦͫͭ͒͡Ύͫͦ͋·͙͚͍͙͙͔͙ͭ͋ͫͭ͘͟͡. ̂;͖Ή͚ͭͭͦͦͫ ͔͙͔ͦ͋ͤͤͦͫͭͨͦͭͤͼ͙͊͡Έ͍͙͍ͤͦͨͦͦͭͨͦ͘͡·͙ͫͭΈ

ͭͦ;ͤͦͫͭΈ͔͔͔͙ͦͨͪ͒ͤ͡Ύ͎͙ͦͪͦͤͭ͊͘͡Έ͚͙ͤͦͦͦͪ͒ͤ͊ͭ͟·ͫͦ͋·͙ͭΎ.

Å ˮ͔͙͔ͫ͊͗ͤ͟ͺͦͪͣ·Ή͔͎͙ͭͪͦͤͤͦͦͦ͋͊͊ͫ͟͟͡͡͡Έ͍͙͙͎ͤͦ͊ͫͭͦͭ͘ ͔͔͙ͦͣͭͪ;͔͙ͫ͟ͻ͔͔͚ͦͫͦ͋ͤͤͦͫͭ

͍·ͭΎ͎͙͍͊Ό΅͔͚͔͙ͫͭ͟.̏ͭͦͭΉͺͺ͔͔͔ͭͫ͒ͯͭͯ͟͡;͙ͭ·͍͊ͭΈ͙ͨͪͪ͊ ͫ;͖͔ͭͨͪͦ͒ͦ͡Έ͎͔ͤͦͦͪ͊ͣͪ͊͘Ή͔͎ͭͪͦͤͤͦͦ͟͡

ͦ͋͊͊ͨͦ͟͡ͅ ͔͙͎ͦͪͣͫͤ͊͊͡S2, ͭ͊͊͟͟ ͣͦ͟ ͔͙͍͔͙͗ͭͨͪͫͭ͟͡ ͚ͦ͗ͤͦͦͼ͔͔͙ͤͦͦͪ͒ͤ͊ͭ͟͟·ͤ͊͋͡Ό͔͎͒͊ͣͦͦ

͙ͤͦ͘͟Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ό͔͋ͤ͊͘ ͋͡Ό͔͎͙͎͒͊ͣͦͦͫͤ͊͊͡S1) ͫͦ͋·͙ͭΎ. ͔̏ͭͦͣͦ͗ͭ͋·ͭΈͪ͟ ͙͙ͭ;ͤͦ͒͡Ύ

͔͔͙ͦͭ͒ͤ͡Ύͺ͍ͦͤͦ·ͻͫͦ͋·͙͚͍ͭͫΎ͊ͤͤ͘·ͻͫͫ ͍͔͚͙͙͍ͦ͋ͫͭͤͤͦͪ͊͒ͦ͊ͭͤͦͫͭ͟ΈΌ͔͙͍͔͙ͣ͊ͭͪ͊ͦͫͭ͟͡.
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ˤ·͍ͦ͒·Υ

ˤͪ͊ͣ͊͟ͻͤ͊ͫͭͦΎ΅͔͚ͪ͊͋ͦͭ·͔͙͍͔͔͙͍͙ͪ͊ͦ͊ͤͣͭͦ͒ͣͦ͒ͪͦ͊ͤ͘͡͡ΎΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ͙
͙͔͙͙ͤͭ͟͟Ή͔͍ͭͪͦͤͦ͒͟͡͡Ύ͍͒ͯͻͺ͊ͤ͘·ͻˤ˽˴ͤ͊ͦ ͍͔͙͔ͫͤͦͫ͗͗ͤͤ·ͻ͎͋͊ͦͪͦ͒ͤ͡·ͻ͎͍͊ͦ͘. ˨͊ͤͤ·͚
͔ͣͭͦ͒ͨͦ ͍͙͔͔͙ͦͦͨͪ͒ͭ͘͡͡͡Έ͍͙͡Ύ͙͔͔͔͚ͤͤͦ͒ͤͦͪͦ͒ͤͦͫͭΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύͤ͊ ͙͔͙ͤͭͯ͟͟
Ή͔͍͙ͭͪͦͤͦͪ͟͡ ͍͊͋ͦͭͯ͒ͯͻͺ͊ͤ͘·ͻˤ˽˴͍͔͎ͤ͊ͦͫͤͦ͊ͪͦͤ͊.

˻͍ͫͤͦͤ·͔͔ͪͯ͘͡Έͭ͊ͭ·ͪ͊͋ͦͭ·͍͔͙ͣͦ͗ͤͦͫͫͭͫ͟ ͔͒ͯ͡Ό΅͙͍ͣ·͍ͦ͒͊ͣ:

1. ˾͔͙͍͔͊ͦ͊ͤͣͭͦ͒͘͡3D-͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ͙͒ ͍͙͔͙͗ͤΎΉ͔͍͍ͭͪͦͤͦͤ͟͡ ͖ͣ
͒͡Ύ͍͒ ͯͻͺ͊ͤ͘·ͻˤ˽˴͍͔͙͔ͤ͊ͦͫͤͦͫ͗͗ͤͤ·ͻ͎͋͊ͦͪͦ͒ͤ͡·ͻ͎͍͊ͦ͘.

2. ˻͔͔͔ͨͪ͒ͤ͡·͙ͦͨͭͣ͊͡Έͤ·͔ͤ͊͘;͔͙ͤΎͪ͊͋ͦ;͙ͻ͔ͨͦͭͤͼ͙͍͊ͦ͡,͊͒͊͘Ό΅͙ͻΉ͔͙ͭͪ͟͡;͔͔͔͍ͫͦͨͦ͟͡
͔͔͔͒ͭͭͦͪ͊͒͟͟͟ ͡Ύͪ ͊͋ͦͭ͊Ό΅͔͎͔͔ͦ͒ͭͭͦͪ͊͟ReD, ͙ͭ͊͟ ͒͡Ύͨ ͔͙͔͎ͪͦͭͪͯͣͦͦ͟
ͪͯͨͤͦͣ͊ͫ͟΄͎͔͔ͭ͊͋ͤͦͦ͒ͭͭͦͪ͊͟DarkSide-20k, ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔͙͙ͣͤͣ͊͡Έͤ·͔͙͔͙ͫ͊͗ͤ͟Ύ
͍·ͻͦ͒ͤ·ͻ͙͎͍ͫͤ͊ͦ͡.

3. ˽͍͔͔͙͔͍͙͔͙͔͙͙ͪͦ͒ͤͦͫͫ͒ͦ͊ͤͤͭ͟͟͡Ή͔͍͍͍ͭͪͦͤͦ͒ͯ͟͡ͻͺ͊ͤ͘·ͻˤ˽˴ͤ ͊ͦ ͍͔͙͔ͫͤͦͫ͗͗ͤͤ·ͻ
͎͋͊ͦͪͦ͒ͤ͡·ͻ͎͍͍͊ͦͯ͘ ͍͙ͫͦ͡Ύͻ͔͙ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ.

4. ˽͎͙͔ͦ͊͊ͤͦͫͦ͊ͫͪ͊ͫ͘͟͡;͔ͭͤ·ͻ͙Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͻͻ͔͙͙͔͚͊ͪ͊ͭͪͫͭ͒ͪ͟͟ͺ͙͙͊͒ͺͺ͙͙ͯ͘
Ή͔͍ͭͪͦͤͦ͟͡Ή͍͔͙ͭͪ͟͡;͔͔ͫͦͣͨͦ͒͟͡͡ Ύ͔͒ ͔ͭͭͦͪ͊͟ReD.

5. ˤ·Ύ͍͔͙ͤ͊ͨͪ͡;͙͔͔͚ͤ͊ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ͙ͦ ͋ΆΎ͔͙ͫͤͤͦͻ͍ ͙͡Ύ͙͔ͤͤ͊
͙͊ͣͨͭͯ͒ͤ͡·͔͙ͨ ͍͔ͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔ͪͣͤͤ·͔ͻ͔͙͙͙͔͎͙͙͔͊ͪ͊ͭͪͫͭͪͫͭͪͪͯͣ͟͟·ͻͫͦ͋·͙͚ͭ.

6. ˽ͦ͊͊ͤͦ͘͟, ;ͭͦͤ ͔͙͔͊ͦͨͤ͊ͪ͘͟͡Ύ͔͒͊ͤ͊ͫͭͤ͊͟ͻ͔͔͒ͭͭͦͪ͊ͫͯ͟΅͔͍͔͙͔ͫͭͤͤͦͣͤ͘Ύ͔ͭ
ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙ΌΉ͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ͍͖ͤͣ.

7. ˽ͦ͊͊ͤͦ͘͟, ;ͭͦͦͅ ͙͍ͯͫͪͦ͊͟͟Ή͔͍͙͙ͭͪͦͤͦͨͪ͟͡ͻͨ ͪͦͻ͔͙͙ͦ͗͒ͤ;͔͔͔͍͔ͪͫͭͯͫͦͨͪͦͦ͗͒͊ͭͫ͘͟Ύ
͍͙͍͔͙͔ͦͤͤͦͤͣ͊ͨ͊͒͘͘͘͟·͍͊Ό΅͙ͻΉ͔͍͙ͭͪͦͤͦ͟͡ ͙͍͙ͨͪͦ͒ͭ͟ ͙͔͔͙ͣͤͤ͘Όͺͦͪͣ·
Ή͔ͭͪͦ͟͡͡Ό͙͔ͣͤͫͼ͔͎͙͎ͤͭͤͦͦͫͤ͊͊͡.



˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔ 
͚ͫ͊͒͡·

23



˻͍͔͔͙͔͙͔ͫͤͦͤͦͫͦ͒ͪ͗͊ͤ͒ͫͫͪͭ͊ͼ͙͙͙͍͍ͦͨͯ͋ͦ͊ͤͦͫ͟͡ ͔͒ͯ͡Ό΅͙ͻͪ͊͋ͦͭ͊ͻ:

1. Performanceof the ReDTPC,a noveldouble-phaseLArdetectorwith siliconphotomultiplier readout/ P.
Agnes,S. Albergo,ΧG. Dolganov[et al.] // EuropeanPhysicalJournalC.τ 2021.τ Vol. 81,Ѕ 11.τ
P. 1014.τDOI: 10.1140/epjc/s10052-021-09801-6.

2. Dolganov, G. D. Investigationof the ElectricFieldUniformity in the ReDDetector/ G. D. Dolganovfor the
ReDWorkingGroup of DarkSideCollaboration// Physicsof Particlesand Nuclei. τ 2022. τ Vol. 53,
Ѕ 2.τP. 493ς496.τDOI: 10.1134/S1063779622020289.

3. Dolganov, G. D. Estimation of the Influence of the Electric Field Nonuniformity on the Error of
ReconstructedCoordinatesof Eventsin the ReDTPC/ G. D. Dolganovfor the ReDWorkingGroupof the
GlobalArgonDarkMatter Collaboration// Physicsof atomicnuclei.τ2023.τVol. 86,Ѕ 5.τP. 838ς
840.τDOI: 10.1134/S1063778823050149.

˾͔ͯ͘͡Έͭ͊ͭ·͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ͔ͨͦͦ͗ͤͤ͡·͔͍ ͍͙͔ͦͫͤͦͯ͒ͫͫͪͭ͊ͼ͙͙Σ͒ͦ͊͒͟͡·͍͙͊ͫ͡Έͤ͊

ͦͤ͟ͺ͔͔ͪͤͼ͙Ύͻ:

1. The6-th InternationalConferenceon ParticlePhysicsandAstrophysics(˸͍ͦͫ͊͟,˾͙ͦͫͫΎ, 2ͫ9ͤͦΎ͋ͪΎͨͦ
2͔͒͊͋ͪ͟Ύ2022 .͎);

2. LXXInternational conference "NUCLEUSς2020. Nuclear physicsand elementary particle physics.
Nuclear physicstechnologies"(ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ͍͙ͨͪͦͦ͒͊ͫ͡Έ͙͒ͫͭ͊ͤͼ͙ͦͤͤͦ(online), 11ς17 ͦͭ͟Ύ͋ͪΎ
2020 .͎).

˾͊ͪ͊͋ͦͭ͊ͤͤ͘·͚ͦ͒͒͟͡Ύͪ͊ͫ;͔͍͙͔͙͙ͭͦͤͭ͟͟Ή͔͍ͭͪͦͤͦ͟͡Ή͍͔͙ͭͪ͟͡;͔͔ͫͦͣͨͦ͟͡ʕ˽ ˴,ͦͺ͔ͦͪͣͤ͡

͍ͅ ͔ͦͪͣ˾ˮ :˨

1. ˨͎͍ͦ͊ͤͦ͡.˥ .˨, ˮ͡ΈΎ͍ͫͦ.s .ˮ ˽͎ͪͦͪ͊ͣͣ͊͒͡Ύ̏ˤ:˸ Ϧ˽͎ͪͦͪ͊ͣͣ͊͒͡Ύ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ͔͚͒ͪͺ͍͎ͦͦͦ
͍͙͔͙͒͗ͤΎΉ͔͍͍ͭͪͦͤͦͨͦ͒͟͡ ͔͚͍͙͔ͦ͒ͫͭͣ͘Ή͔͙ͭͪ͟͡;͔͎ͫͦͦͨͦ͟͡Ύ͒͡ Ύ͒ ͍ͯͻͺ͊ͤ͘·ͻ͎͍͊ͪͦͤͦ·ͻ
͔͔͍͒ͭͭͦͪͦ͟"ElectronDrift3D.cpp". ˿͍͙͔͔͒ͭ͡Έ͍͎͍͔͚͔͎͙ͫͭͦͦͦͫͯ͒͊ͪͫͭͤͤͦͪͫͭͪ͊ͼ͙͙͎ͨͪͦͪ͊ͣͣ·˾̅
Ѕ 2022618774;ͦͨͯ͋͡. 13ͣ͊Ύ2022 .͎ 24
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Constraints on directionality effect of nuclear recoils in a liquid argon time projection chamber //The European 
Physical Journal C. ς2024. ς́ Φ упΦ ςЅΦ мΦ ς˿ Φ нпΦ



˾͔ͯ͘͡Έͭ͊ͭ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͍ 
͔͔͔͒ͭͭͦͪ͟ ReD

˴ͦͤͺ͙͎ͯͪ͊ͼ͙Ύ ͨͦ͡ΎΥ Aͤͦ=͒ 5211ʕ Τ ͊ͭͦ͒͟ = -234ˤΤ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ = 216ˤ

˴ͦͤͺ͙͎ͯͪ͊ͼ͙Ύ ͨͦ͡ΎΥ Aͤͦ=͒ 5211ʕ Τ ͊ͭͦ͒͟ = -4789ˤΤ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ = -289ˤ
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˾͔ͯ͘͡Έͭ͊ͭ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͍ 
͔͔͔͒ͭͭͦͪ͟ ReD

˴ͦͤͺ͙͎ͯͪ͊ͼ͙Ύ ͨͦ͡ΎΥ Aͤͦ=͒ 5211ʕ Τ ͊ͭͦ͒͟ = -744ˤΤ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ = -66ˤ

˴ͦͤͺ͙͎ͯͪ͊ͼ͙Ύ ͨͦ͡ΎΥ Aͤͦ=͒ 5211ʕ Τ ͊ͭͦ͒͟ = -744ˤΤ͔͍͔ͨͪͦ ͦ͟͡Έͼͦ = 226ˤ
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