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ˆ§³¥·¥´¨¥ ¨μ´¨§ Í¨μ´´ÒÌ ¢ÒÌμ¤μ¢ Ö¤¥· μÉ¤ Î¨ ¨³¥¥É μÉ´μÏ¥´¨¥ ± Ô´¥·£¥É¨-
Î¥¸±μ° ± ²¨¡·μ¢±¥ ¤¥É¥±Éμ·μ¢ É¥³´μ° ³ É¥·¨¨ ¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·¨´μ. ‚
´ ¸ÉμÖÐ¥° · ¡μÉ¥ μ¡¸Ê¦¤ ÕÉ¸Ö ´¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤Ò¤ÊÐ¨Ì ¨§³¥·¥´¨° ¨μ´¨-
§ Í¨μ´´ÒÌ ¢ÒÌμ¤μ¢ Ö¤¥· μÉ¤ Î¨ ¢ ¦¨¤±μ³  ·£μ´¥ ³¥Éμ¤μ³ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¢
¤¢ÊÌË §´μ³ ¤¥É¥±Éμ·¥. �·¥¤² £ ÕÉ¸Ö ³¥Éμ¤Ò ¶μ ¶μ¢ÒÏ¥´¨Õ ¸¢¥Éμ¸¡μ·  ¸Í¨´É¨²²ÖÍ¨-
μ´´μ£μ (S1) ¨ ¨μ´¨§ Í¨μ´´μ£μ (S2) ¸¨£´ ²μ¢ ¢ ¤¢ÊÌË §´μ³ ¤¥É¥±Éμ·¥ ¶ÊÉ¥³ ¨¸¶μ²Ó§μ-
¢ ´¨Ö SiPM-³ É·¨Í ¨ Ô²¥±É·μ¤μ¢ THGEM c ¶μ¢ÒÏ¥´´μ° μ¶É¨Î¥¸±μ° ¶·μ§· Î´μ¸ÉÓÕ.
„ ´´Ò¥ Ï £¨ ´¥μ¡Ìμ¤¨³Ò ¤²Ö ·¥ ²¨§ Í¨¨ ³¥Éμ¤  ¤¢μ°´μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ±μ-
Éμ·Ò° ¶μ§¢μ²¨É ¨§³¥·¨ÉÓ ¨μ´¨§ Í¨μ´´Ò° ¢ÒÌμ¤ Ö¤¥· μÉ¤ Î¨ ¢ · ´¥¥ ´¥ ¨§ÊÎ¥´´μ³
¤¨ ¶ §μ´¥ Ô´¥·£¨°.

Measurement of the ionization yields of nuclear recoils is related to the energy cal-
ibration of dark matter detectors and low-energy neutrinos. In the present work, some
results of the previous measurements of the ionization yields of nuclear recoils in liquid
argon using neutron scattering technique in a two-phase detector are discussed. Methods
to increase light collection of scintillation (S1) and ionization (S2) signals in a two-phase
detector using SiPM matrices and THGEM electrodes with increased optical transparency
are proposed. These steps are necessary to realize the neutron double-scattering technique,
which will allow us to measure the ionization yields of nuclear recoils in the unexplored
energy range.
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�´¥·£¥É¨Î¥¸± Ö ± ²¨¡·μ¢±  ¤¥É¥±Éμ·μ¢ Ö¤¥· μÉ¤ Î¨ ¢ ¦¨¤±μ³ Ar ¨ Xe
¨³¥¥É ¢ ¦´μ¥ §´ Î¥´¨¥ ¤²Ö ´¨§±μËμ´μ¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶·Ö³μ³Ê ¶μ¨¸±Ê
É¥³´μ° ³ É¥·¨¨ ¨ ·¥£¨¸É· Í¨¨ ±μ£¥·¥´É´μ£μ · ¸¸¥Ö´¨Ö ´¥°É·¨´μ ´  Ö¤· Ì [1].
’ ± Ö ± ²¨¡·μ¢±  μ¡ÒÎ´μ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶ÊÉ¥³ ¨§³¥·¥´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ
¢ÒÌμ¤μ¢ ¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ÔËË¥±É¨¢´μ¸É¥° Ö¤¥· μÉ¤ Î¨ ¶·¨ Ê¶·Ê£μ³ · ¸-
¸¥Ö´¨¨ ´¥°É·μ´μ¢ ´  Ö¤· Ì. ‚ Éμ ¢·¥³Ö ± ± ¤²Ö ¦¨¤±μ£μ Xe ¸ÊÐ¥¸É¢Ê¥É ³´μ-
¦¥¸É¢μ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ ¨μ´¨§ Í¨μ´´Ò³ ¢ÒÌμ¤ ³ [2Ä4], ³ ²μ
ÎÉμ ¨§¢¥¸É´μ μ¡ ¨μ´¨§ Í¨μ´´ÒÌ ¢ÒÌμ¤ Ì ¢ ¦¨¤±μ³ Ar.

ˆμ´¨§ Í¨μ´´Ò° ¢ÒÌμ¤, ¨§³¥·Ö¥³Ò° ¢ Ô±¸¶¥·¨³¥´É¥, μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤Ê-
ÕÐ¨³ μ¡· §μ³:

Qy = ne/E0. (1)

‡¤¥¸Ó ne Å § ·Ö¤ ¶¥·¢¨Î´μ° ¨μ´¨§ Í¨¨, É. ¥. Î¨¸²μ Ô²¥±É·μ´μ¢ ¨μ´¨§ Í¨¨,
¨§¡¥¦ ¢Ï¨Ì ·¥±μ³¡¨´ Í¨¨ ¸ ¶μ²μ¦¨É¥²Ó´Ò³¨ ¨μ´ ³¨; ÔÉμÉ § ·Ö¤ § ¢¨¸¨É
μÉ Ô´¥·£¨¨, ¢Ò¤¥²¥´´μ° Ö¤·μ³ μÉ¤ Î¨ ¢ ¦¨¤±μ¸É¨ (E0), ¨ μÉ Ô²¥±É·¨Î¥¸±μ£μ
¶μ²Ö ¢ ¦¨¤±μ¸É¨ (E). ne ¢¸¥£¤  ³¥´ÓÏ¥, Î¥³ ´ Î ²Ó´μ¥ Î¨¸²μ Ô²¥±É·μ´-
¨μ´´ÒÌ ¶ ·, μ¡· §μ¢ ´´ÒÌ ¢ ¦¨¤±μ¸É¨ Ö¤·μ³ μÉ¤ Î¨ (Ni). ‚ ¤¢ÊÌË §´μ³
¤¥É¥±Éμ·¥ ³μ¦´μ ¢Ò¤¥²¨ÉÓ ¤¢¥ Î ¸É¨ ¸¨£´ ² : S1, ¢Ò§¢ ´´Ò° ¸Í¨´É¨²²ÖÍ¨Ö³¨
¢ ¦¨¤±μ¸É¨, ¨ S2, ¢Ò§¢ ´´Ò° ¨μ´¨§ Í¨¥° ¢ ¦¨¤±μ° Ë §¥ ¨ ¶μ¸²¥¤ÊÕÐ¥°
Ô²¥±É·μ²Õ³¨´¥¸Í¥´Í¨¥° (�‹) ¢ £ §μ¢μ° Ë §¥.

�¨¸. 1. ˆμ´¨§ Í¨μ´´Ò¥ ¢ÒÌμ¤Ò Ö¤¥· μÉ¤ Î¨ ¢ ¦¨¤±μ³ Ar ± ± ËÊ´±Í¨¨ Ô´¥·£¨¨, ¨§-
³¥·¥´´Ò¥ ¢ [5], [6] ¨ [8] ¨ Ô±¸É· ¶μ²¨·μ¢ ´´Ò¥ ± §´ Î¥´¨Õ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
0,56 ±‚/¸³. Š·¨¢ Ö μÉμ¡· ¦ ¥É ¶·¥¤¶μ² £ ¥³ÊÕ Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³μ¸ÉÓ
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‚Ò· ¦¥´¨¥ (1) ¸¶· ¢¥¤²¨¢μ ¤²Ö ± ± Ô²¥±É·μ´μ¢ μÉ¤ Î¨, ¢Ò§¢ ´´ÒÌ μ¡²Ê-
Î¥´¨¥³ ¢¥Ð¥¸É¢  Ô²¥±É·μ´ ³¨ ¨²¨ £ ³³ -±¢ ´É ³¨, É ± ¨ ¤²Ö Ö¤¥· μÉ¤ Î¨.
�·¨´ÖÉμ μ¡μ§´ Î ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ Ô´¥·£¨Õ μÉ¤ Î¨ ¢ ¥¤¨´¨Í Ì keVee
(electron-equivalent recoil) ¨ keVnr (nuclear recoil).

�¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ¨μ´¨§ Í¨μ´´Ò³ ¢ÒÌμ¤ ³ Ö¤¥· μÉ¤ Î¨ ¢ ¦¨¤±μ³ Ar
¡Ò²¨ ¶μ²ÊÎ¥´Ò ¡Ê±¢ ²Ó´μ §  ¶μ¸²¥¤´¨¥ É·¨ £μ¤ : ¶·¨ ¡μ²¥¥ ´¨§±¨Ì Ô´¥·£¨ÖÌ
6,7 ±Ô‚ [5] ¨ 17Ä57 ±Ô‚ [6],   ¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ 80 ¨ 233 ±Ô‚ [7],
233 ±Ô‚ [8]. ‚ · ¡μÉ¥ [8] ¸· ¢´¨¢ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éμ¢, ¶·¨-
¢¥¤¥´´Ò¥ ± μ¶·¥¤¥²¥´´μ³Ê §´ Î¥´¨Õ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (·¨¸. 1, ¢§ÖÉ ¨§ [8]).

‚¨¤´μ, ÎÉμ ¨μ´¨§ Í¨μ´´Ò° ¢ÒÌμ¤ ³μ¦¥É § ¢¨¸¥ÉÓ μÉ Ô´¥·£¨¨ ´¥É·¨¢¨ ²Ó-
´Ò³ μ¡· §μ³: ¶·¨ Ê¢¥²¨Î¥´¨¨ Ô´¥·£¨¨ ¨μ´¨§ Í¨μ´´Ò° ¢ÒÌμ¤ ¸´ Î ²  Ê³¥´Ó-
Ï ¥É¸Ö,   § É¥³ ¢μ§· ¸É ¥É, ¶·μÌμ¤Ö Î¥·¥§ ³¨´¨³Ê³. ‘Éμ¨É μÉ³¥É¨ÉÓ, ÎÉμ
¶μ¤μ¡´ Ö Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ · ´¥¥ ´ ¡²Õ¤ ² ¸Ó ¤²Ö Ô²¥±É·μ´μ¢ μÉ-
¤ Î¨ ¢ ¦¨¤±μ³ Ar [9]. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¤²Ö Ö¤¥·
μÉ¤ Î¨ ¢ ¦¨¤±μ³ Xe Ö¢²Ö¥É¸Ö ³μ´μÉμ´´μ° ¢ ¤¨ ¶ §μ´¥ μÉ 1 ¤μ 300 keVnr [10].

—Éμ¡Ò ·¥Ï¨ÉÓ ¢μ¶·μ¸ μ Ì · ±É¥·¥ § ¢¨¸¨³μ¸É¨ ¨μ´¨§ Í¨μ´´ÒÌ ¢ÒÌμ¤μ¢
Ö¤¥· μÉ¤ Î¨ μÉ Ô´¥·£¨¨, ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤² £ ÕÉ¸Ö ¸¶μ¸μ¡Ò ¶μ¢ÒÏ¥-
´¨Ö ¸¢¥Éμ¸¡μ·  ¸¨£´ ²μ¢ S1 ¨ S2 ¤²Ö ·¥ ²¨§ Í¨¨ ³¥Éμ¤  ¤¢μ°´μ£μ · ¸¸¥Ö´¨Ö
´¥°É·μ´μ¢ [11], ±μÉμ·Ò° ³μ£ ¡Ò ¶μ§¢μ²¨ÉÓ ¨§³¥·¨ÉÓ ¨μ´¨§ Í¨μ´´Ò¥ ¢ÒÌμ¤Ò
¤²Ö Ö¤¥· μÉ¤ Î¨ ¸ Ô´¥·£¨¥° ´¨¦¥ 233 ±Ô‚.

ˆ‡“—…�ˆ… ‘ˆƒ��‹� S1

„²Ö ¨§³¥·¥´¨Ö ¨μ´¨§ Í¨μ´´μ£μ ¢ÒÌμ¤  ¢ ¦¨¤±μ³  ·£μ´¥ · ´¥¥ [7, 8] ¨¸-
¶μ²Ó§μ¢ ²¸Ö ³¥Éμ¤ ¢ÒÎ¨É ´¨Ö ¸¶¥±É·μ¢, ÎÉμ¡Ò μÉ¤¥²¨ÉÓ ¸μ¡ÒÉ¨Ö ¸ Ê¶·Ê£¨³
· ¸¸¥Ö´¨¥³ ´¥°É·μ´  μÉ · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´  (¸ ¨¸¶Ê¸± ´¨¥³
£ ³³ -±¢ ´É ). „·Ê£ Ö ¢μ§³μ¦´μ¸ÉÓ § ±²ÕÎ ¥É¸Ö ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸μμÉ´μÏ¥-
´¨Ö ³¥¦¤Ê ¸¨£´ ² ³¨ S1 ¨ S2 ¨²¨ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ¡Ò¸É·μ° ¨ ³¥¤²¥´´μ°
±μ³¶μ´¥´É ³¨ ¸¨£´ ²  S1. � ²¨Î¨¥ É ±μ£μ ±·¨É¥·¨Ö ¶μ§¢μ²¨É ¶·μ¨§¢μ¤¨ÉÓ
¨¤¥´É¨Ë¨± Í¨Õ É¨¶  ¸μ¡ÒÉ¨Ö, ÎÉμ Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ ¤²Ö ·¥ -
²¨§ Í¨¨ ¨§³¥·¥´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ ¢ÒÌμ¤μ¢ Ö¤¥· μÉ¤ Î¨ ³¥Éμ¤μ³ ¤¢μ°´μ£μ
· ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢.

„²Ö ¨§ÊÎ¥´¨Ö ¸¨£´ ²  S1 ¨¸¶μ²Ó§μ¢ ² ¸Ó Ê¸É ´μ¢±  ¸ ¤¢ÊÌË §´Ò³ ¤¥É¥±-
Éμ·μ³, μ¶¨¸ ´´ Ö ¢ [8]. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  μ¸Í¨²²μ£· ³³  ¸¨£´ ²  μÉ
¸Ê³³Ò Î¥ÉÒ·¥Ì ”�“ ¶·¨ μ¡²ÊÎ¥´¨¨ ¤¥É¥±Éμ·  ´¥°É·μ´ ³¨. � ¶·Ö¦¥´¨¥ ´ 
”�“ 800 ‚, ´ ¶·Ö¦¥´¨¥ ´  ¤¥²¨É¥²¥ �‹ § §μ·  V0 = 14 ±‚. �  ¶¥·¢μ³
± ´ ²¥ μ¸Í¨²²μ£· Ë  ¸¨£´ ² ¶·μÌμ¤¨² Î¥·¥§ Ê¸¨²¨É¥²Ó ¸ ¢·¥³¥´¥³ Ëμ·³¨-
·μ¢ ´¨Ö 1 ³±¸, ´  É·¥ÉÓ¥³ Å ¸ 200 ´¸. ‚ ± Î¥¸É¢¥ É·¨££¥·  ¨¸¶μ²Ó§μ¢ ²¸Ö
¸¨£´ ² S2 ´  ¶¥·¢μ³ ± ´ ²¥. �  É·¥ÉÓ¥³ ± ´ ²¥ ¢ Í¥´É·¥ μ¸Í¨²²μ£· ³³Ò ¢¨-
¤¥´ ±μ·μÉ±¨° ¸¨£´ ², ±μÉμ·Ò°, μÎ¥¢¨¤´μ, ¸μμÉ¢¥É¸É¢Ê¥É ¸¨£´ ²Ê S1. —¥·¥§
¢·¥³Ö 15 ³±¸, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¢·¥³¥´¨ ¤·¥°Ë  ¨μ´¨§ Í¨¨ Î¥·¥§ ¦¨¤±μ¸ÉÓ,
· ¸¶μ²μ¦¥´ ¸¨£´ ² S2.



�…Š�’��›… ‚����‘› ˆ‡Œ…�…�ˆ‰ ˆ��ˆ‡�–ˆ���›• ‚›•�„�‚ Ÿ„…� 1377

�¨¸. 2. �¸Í¨²²μ£· ³³  ¸¨£´ ²  μÉ ¸Ê³³Ò Î¥ÉÒ·¥Ì ”�“ ¶·¨ μ¡²ÊÎ¥´¨¨ ¤¥É¥±Éμ· 
´¥°É·μ´ ³¨. �μ± § ´´Ò¥ ¶¥·¢Ò° (C1) ¨ É·¥É¨° (C3) ± ´ ²Ò μ¸Í¨²²μ£· Ë  μÉ²¨Î ÕÉ¸Ö
¢·¥³¥´¥³ Ëμ·³¨·μ¢ ´¨Ö Ê¸¨²¨É¥²Ö

�¨¸. 3. �¸Í¨²²μ£· ³³Ò ¸¨£´ ²μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¤¥É¥±Éμ·  ¨¸ÉμÎ´¨±μ³ 22Na. —¥É¢¥·-
ÉÒ° ± ´ ² (C4) Å ¸¨£´ ² ¸ BGO-¸Î¥ÉÎ¨± . ’·¥É¨° ± ´ ² (C3) Å ¸¨£´ ² μÉ ¸Ê³³Ò
Î¥ÉÒ·¥Ì ”�“

—Éμ¡Ò ±μ··¥±É´μ ¢Ò¤¥²¨ÉÓ ¸¨£´ ²Ò S1, ¡Ò² ¶·μ¢¥¤¥´ ¤·Ê£μ° Ô±¸¶¥·¨-
³¥´É ¸ ¨¸ÉμÎ´¨±μ³ 22Na. „ ´´Ò° ¨¸ÉμÎ´¨± ¨§²ÊÎ ¥É ¶μ§¨É·μ´, ±μÉμ·Ò° ¶·¨
 ´´¨£¨²ÖÍ¨¨ ¶μ·μ¦¤ ¥É ¤¢  ±μ²²¨´¥ ·´ÒÌ £ ³³ -±¢ ´É  ¸ Ô´¥·£¨¥° 511 ±Ô‚.
�¤¨´ ¨§ ´¨Ì ¶μ¶ ¤ ¥É ¢ ¸Î¥ÉÎ¨± ¸μ ¸Í¨´É¨²²ÖÉμ·μ³ BGO, ±μÉμ·Ò° ¤ ¥É É·¨£-
£¥·´Ò° ¸¨£´ ²,   ¤·Ê£μ° ¶μ¶ ¤ ¥É ¢ ¤¥É¥±Éμ· (·¨¸. 3).
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�¨¸. 4. �μ²μ¦¥´¨¥ ¢¥·μÖÉ´ÒÌ ¸¨£´ ²μ¢ S1 μÉ´μ¸¨É¥²Ó´μ É·¨££¥· 

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´  £¨¸Éμ£· ³³  ¶μ²μ¦¥´¨Ö ¸¨£´ ²μ¢ S1 μÉ´μ¸¨É¥²Ó´μ
¢·¥³¥´¨ É·¨££¥· . Š ± ³μ¦´μ § ³¥É¨ÉÓ, ¢ · °μ´¥ ´Ê²Ö ¥¸ÉÓ ¶¨±. ‡´ Î¨É, ÔÉμ
¤¥°¸É¢¨É¥²Ó´μ ¸¨£´ ²Ò S1.

�´ ²¨§  ³¶²¨ÉÊ¤´μ£μ ¸¶¥±É·  ¸μ¡ÒÉ¨°, ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ · °μ´¥ ¶¨± , ¶μ-
± § ², ÎÉμ  ³¶²¨ÉÊ¤  ¸¨£´ ²  S1 ¸μ¸É ¢²Ö¥É μÉ 1 ¤μ 3 ËμÉμÔ²¥±É·μ´μ¢. ’ -
±μ°  ³¶²¨ÉÊ¤Ò ¡Ê¤¥É ´¥¤μ¸É ÉμÎ´μ ¤²Ö ±μ··¥±É´μ£μ ¨¸¶μ²Ó§μ¢ ´¨Ö ±·¨É¥·¨¥¢
· §¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¨ £ ³³ -±¢ ´Éμ¢. …¤¨´¸É¢¥´´Ò° ¢ÒÌμ¤ § ±²ÕÎ ¥É¸Ö ¢
³μ¤¥·´¨§ Í¨¨ Ê¸É ´μ¢±¨ ¨ Ê¢¥²¨Î¥´¨¨ ¸¢¥Éμ¸¡μ·  ¸¨£´ ²  S1.

��‚›˜…�ˆ… ‘‚…’�‘���� ‘ˆƒ��‹� S1

� ¨¡μ²¥¥ ÔËË¥±É¨¢´Ò° ³¥Éμ¤ Ê¢¥²¨Î¥´¨Ö ¸¢¥Éμ¸¡μ·  ¸¨£´ ²  S1 § ±²Õ-
Î ¥É¸Ö ¢ · ¸¶μ²μ¦¥´¨¨ ³ É·¨ÍÒ ËμÉμ¶·¨¥³´¨±μ¢, ¢ Î ¸É´μ¸É¨ SiPM-³ É·¨ÍÒ,
± ± ¸¢¥·ÌÊ �‹-§ §μ· , É ± ¨ ´  ¤´¥ ¤¥É¥±Éμ· . „²Ö ¶μ±·ÒÉ¨Ö  ±É¨¢´μ° μ¡² -

�¨¸. 5. Œ É·¨Í  · §³¥·μ³ 12 × 12 Ô²¥³¥´Éμ¢, ¸μ¸É ¢²¥´´ Ö ¨§ SiPM S13360-6050PE
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�¨¸. 6. �²¥±É·¨Î¥¸± Ö ¸Ì¥³  ¸μ¥¤¨´¥´¨Ö Ô²¥³¥´Éμ¢ ³ É·¨ÍÒ

¸É¨ 10× 10 ¸³ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ³ É·¨ÍÊ · §³¥·μ³ 12× 12 Ô²¥³¥´Éμ¢, ¸μ-
¸É ¢²¥´´ÊÕ ¨§ ±·¥³´¨¥¢ÒÌ ËμÉμÊ³´μ¦¨É¥²¥° SiPM S13360-6050PE. �¤´  ¨§
¶·μ¡²¥³ § ±²ÕÎ ¥É¸Ö ¢ ¡μ²ÓÏμ³ ±μ²¨Î¥¸É¢¥ ¨¸¶μ²Ó§Ê¥³ÒÌ ± ´ ²μ¢ SiPM. „²Ö
·¥Ï¥´¨Ö ¶·μ¡²¥³Ò ± ¦¤Ò¥ 9 Ô²¥³¥´Éμ¢ ³ É·¨ÍÒ ¡Ê¤ÊÉ μ¡Ñ¥¤¨´ÖÉÓ¸Ö ¢ μ¤¨´
± ´ ² ¶·¨ ¶μ³μÐ¨ ¶ · ²²¥²Ó´μ-¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¶μ¤±²ÕÎ¥´¨Ö (·¨¸. 5 ¨ 6).

	Ò²  ¶·μ¢¥¤¥´  ¸¥·¨Ö É¥¸Éμ¢ ¸ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¨ ¶ · ²²¥²Ó´Ò³ ¶μ¤-
±²ÕÎ¥´¨¥³ ¤¢ÊÌ SiPM S13360-6050PE, ¶μ£·Ê¦¥´´ÒÌ ¢ ¦¨¤±¨°  §μÉ. � ¡²Õ-
¤ ² ¸Ó ¸É ¡¨²Ó´ Ö · ¡μÉ  ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ. �μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ¨§³¥´¥´¨Ö
Ì · ±É¥·¨¸É¨± ¸¨£´ ²  ¢ § ¢¨¸¨³μ¸É¨ μÉ É¨¶  ¶μ¤±²ÕÎ¥´¨Ö ¡Ê¤¥É ¶·¨¢¥¤¥´μ
¢ ¸²¥¤ÊÕÐ¨Ì ¸É ÉÓÖÌ.

THGEM ��‚›˜…���‰ ���‡��—��‘’ˆ

�  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ¢ Ê¸É ´μ¢±¥ · ¸¶μ²μ¦¥´Ò ¤¢  Éμ²¸ÉÒÌ £ §μ¢ÒÌ Ô²¥±-
É·μ´´ÒÌ Ê³´μ¦¨É¥²Ö, THGEM0 ¨ THGEM1, ±μÉμ·Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ± -
Î¥¸É¢¥ Ô²¥±É·μ¤μ¢ �‹-§ §μ· . ƒ¥μ³¥É·¨Î¥¸± Ö ¶·μ§· Î´μ¸ÉÓ μ¡μ¨Ì THGEM
¸μ¸É ¢²Ö¥É 27 %. „²Ö Ê¢¥²¨Î¥´¨Ö ¸¢¥Éμ¸¡μ·  ¸¨£´ ²  S2, ·¥£¨¸É·¨·Ê¥³μ£μ ¨§
�‹-§ §μ·  ¸ ¶μ³μÐÓÕ ¢¥·Ì´¥° SiPM-³ É·¨ÍÒ, ¶² ´¨·Ê¥É¸Ö § ³¥´¨ÉÓ
THGEM1 ´   ´ ²μ£¨Î´Ò°, ´μ ¸ ¡μ́²ÓÏ¨³ ¤¨ ³¥É·μ³ μÉ¢¥·¸É¨°. Š·μ³¥ Éμ£μ,
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�¨¸. 7. THGEM ¸ ¶·μ§· Î´μ¸ÉÓÕ 27% �¨¸. 8. THGEM ¸ ¶·μ§· Î´μ¸ÉÓÕ 48%

�¨¸. 9. THGEM ¸ ¶·μ§· Î´μ¸ÉÓÕ 75%

§ ³¥´  THGEM0 ¨ THGEM1 ´  ¡μ²¥¥ ¶·μ§· Î´Ò¥ ¶μ§¢μ²¨É ¶μ¢Ò¸¨ÉÓ ¸¢¥Éμ-
¸¡μ· ¨ ¤²Ö ¸¨£´ ²  S1 ´  ¢¥·Ì´ÕÕ ³ É·¨ÍÊ.

„²Ö ÔÉ¨Ì Í¥²¥° ¡Ò²¨ ¨§£μÉμ¢²¥´Ò THGEM Î¥ÉÒ·¥Ì · §´ÒÌ É¨¶μ¢: ¸ Éμ²-
Ð¨´μ° 0,5 ³³ ¨²¨ 1 ³³; ¸ ¶·μ§· Î´μ¸ÉÓÕ 48 ¨²¨ 75 % (·¨¸. 7, 8, 9). ‚ ¤ ²Ó-
´¥°Ï¥³ ¡Ê¤ÊÉ ¶·μ¢¥¤¥´Ò ¨¸¶ÒÉ ´¨Ö ¨ ¢Ò¡· ´ THGEM, μ¡² ¤ ÕÐ¨° μ¶É¨-
³ ²Ó´Ò³ ¸μμÉ´μÏ¥´¨¥³ ³¥¦¤Ê ¶·μ§· Î´μ¸ÉÓÕ ¨ ³¥Ì ´¨Î¥¸±μ° ¶·μÎ´μ¸ÉÓÕ.

‡�Š‹�—…�ˆ…

� ¸¸³μÉ·¥´Ò ´¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤Ò¤ÊÐ¨Ì ¨§³¥·¥´¨° ¨μ´¨§ Í¨μ´-
´ÒÌ ¢ÒÌμ¤μ¢ Ö¤¥· μÉ¤ Î¨ ¢ ¦¨¤±μ³  ·£μ´¥ ³¥Éμ¤μ³ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¢
¤¢ÊÌË §´μ³ ¤¥É¥±Éμ·¥. �·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ ¢ ¤¢ÊÌË §´μ³ ¤¥É¥±Éμ·¥, ¨¸-
¶μ²Ó§μ¢ ´´μ³ ´ ³¨ · ´¥¥ ¤²Ö ¨§³¥·¥´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ ¢ÒÌμ¤μ¢ ¢ ¦¨¤±μ³
 ·£μ´¥ [8] ¶ÊÉ¥³ ·¥£¨¸É· Í¨¨ Ô²¥±É·μ²Õ³¨´¥¸Í¥´É´μ£μ ¸¨£´ ²  (S2), ³μ¦´μ
·¥£¨¸É·¨·μ¢ ÉÓ ¨ ¸¨£´ ² ¶¥·¢¨Î´μ° ¸Í¨´É¨²²ÖÍ¨¨ (S1). …£μ  ³¶²¨ÉÊ¤ , μ¤-
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´ ±μ, μ± § ² ¸Ó ´¥¤μ¸É ÉμÎ´μ° ¤²Ö ÔËË¥±É¨¢´μ£μ μÉ¤¥²¥´¨Ö ¸μ¡ÒÉ¨° ¸ Ö¤· ³¨
μÉ¤ Î¨ μÉ £ ³³ -Ëμ´ . 	Ò²¨ ¶·¥¤²μ¦¥´Ò ³¥Éμ¤Ò ¶μ ¶μ¢ÒÏ¥´¨Õ ¸¢¥Éμ¸¡μ· 
¸¨£´ ²μ¢ S1 ¨ S2 ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ SiPM-³ É·¨Í ¨ THGEM-Ô²¥±É·μ¤μ¢ c
¶μ¢ÒÏ¥´´μ° μ¶É¨Î¥¸±μ° ¶·μ§· Î´μ¸ÉÓÕ. „ ´´Ò¥ Ï £¨ ´¥μ¡Ìμ¤¨³Ò ¤²Ö ·¥-
 ²¨§ Í¨¨ ³¥Éμ¤  ¤¢μ°´μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ±μÉμ·Ò° ¶μ§¢μ²¨É ¨§³¥·¨ÉÓ
¨μ´¨§ Í¨μ´´Ò¥ ¢ÒÌμ¤Ò Ö¤¥· μÉ¤ Î¨ ¶·¨ Ô´¥·£¨ÖÌ ´¨¦¥ 233 ±Ô‚. ˆ§³¥·¥´¨¥
¨μ´¨§ Í¨μ´´ÒÌ ¢ÒÌμ¤μ¢ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨ ¨³¥¥É ¢ ¦-
´μ¥ §´ Î¥´¨¥ ¤²Ö Ô´¥·£¥É¨Î¥¸±μ° ± ²¨¡·μ¢±¨ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ¦¨¤±¨Ì
¡² £μ·μ¤´ÒÌ £ §μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö ¶μ¨¸±  É¥³´μ° ³ É¥·¨¨, ¨ ¤²Ö ¶μ´¨³ -
´¨Ö ³¥Ì ´¨§³μ¢ ·¥£¨¸É· Í¨¨ ¨μ´¨§ Í¨¨ ¢ ¦¨¤±μ³ Ar.

�² £μ¤ ·´μ¸É¨. � ¡μÉ  ¶μ¤¤¥·¦ ´  �μ¸¸¨°¸±¨³ ´ ÊÎ´Ò³ Ëμ´¤μ³ (¶·μ-
¥±É 14-50-00080); μ´  ¢Ò¶μ²´¥´  ¢ · ³± Ì ¨¸¸²¥¤μ¢ É¥²Ó¸±μ° ¶·μ£· ³³Ò ¤²Ö
Ô±¸¶¥·¨³¥´É  DarkSide-20k.
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