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2.�磜㶩暟椚♸勞俱猰㷖⼸ず腊ꆀ悶⸂涸礵ⲥ歲㹁�
�
⚥䗎㶩Ⱘ㢊腊ꆀ鲮矿悶⸂涸⵸䲿僽剣餘ꆀ罜餘ꆀ礵ⲥ崵ꆀ♸勞俱ㆇ䎾⠏⻊�
猌♶䒓磜㶩暟椚㷖㹻♸勞俱猰㷖㹻涸⼸ず�
2025�䎃4�剢䗞㕂KATRIN�㹊낉㼜⚥䗎㶩餘ꆀ♳ꣳ礵烁荛0.45�歏㶩⠃暵嫱2022�䎃
䲿⼮鵛♧⦔僈烁Ⱖ⸓腊〳ꆀ⻊㛇炄ず䎃10�剢傈劥T2K�♸繠㕂NOvA�㹊�
낉翫ざ崵ꆀⴀ⚥䗎㶩餘ꆀ䎂倰䊵Δ𝑚322�=2.43+00..0043�×103𝑒𝑉²䳶爙⚥䗎㶩
䮷虹涸腊ꆀ㢴呋䚍⚹㢴彂腊ꆀ〜⸈�䲿⣘椚雿⣜研կ�
�
鵯❈崵ꆀ絕卓湬䱹䭷㼋勞俱⠏⻊끩⯘倛٥兜剽⯘㔿⡤灇瑕䨾霆㹊瀖㟯掜涸✳�
絶焫兪呔Ⱘ㢊⾲㶩紩䮷⸓ㆇ䎾腊⸂2630m²/g�涸馄㣐嫱邍꬗獤♸2�×105cm2/𝑉·𝑠涸
馄넞歏㶩鴲獴桧腊剒㣐⻊䯲蜦䗎烯⥌〿㜕獦⾲㶩紩腊ꆀ㣔絁꯺㕂KIMS�鸑
鵂�
N�㘗炊腊紩䲜练靈䱽㼜⚥䗎㶩-�呍湱匹⡲欽ㆇ䎾佪桧䲿⼮3�⦔模繠⼐ꂁ⚥䗎㶩腊�
ꆀⴔ䋒暵䚍կ鵯姻僽湱Ⱒ灇瑕䔂靈涸勞俱涸⴯倝䗳곢♸磜㶩暟椚涸暵䚍ず곸
䩞腊雮䗎烯⥌〿鄄溏錛ծ鄄ⵄ欽կ�
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Page 6 of 11 3.�䊨玐䪮助♸侨㷖䒊垷⼸ず鸑ꆀ侨䰘涸礵ⲥ餻腊�
�
莞䊼暵⚺倰玐⚥Φ𝑎𝑚𝑏(𝑟,𝑡)剣佪梠㞯鸑ꆀ僽㢴彂腊ꆀ〜⸈⺫䭍㣖꣉⚥䗎㶩�
58%ծ㸙㸿μ�㶩32%ծ梠㞯歏煂㖞♸掚嶻衅10%կ鵯♧⿬侨涸礵ⲥꆀ⻊
猌♶䒓䊨玐䪮助♸侨㷖䒊垷涸⼸ず�
�
2025�䎃�11�剢⚥㕂寐꡶⚥䗎㶩㹊낉JUNO鵘遤➑�59�㣔㽠㼜㣖꣉⚥䗎㶩䮷虹⿬
侨崵ꆀ礵䏞䲿⼮1.5� -�1.8�⦔⟄�3%�腊ꆀⴔ鳹桧䲿⣘Ⰼ椕剒礵ⲥ涸鸑ꆀ㛇ⲥ侨研կ�
JUNO�涸2�♰ょ紩确崵㐼錞垷♸馄넞礵䏞傁⣜饆磜㶩暟椚椚雿䭷㼋⛲猌♶䒓䊨玐
䪮助瑲灶ˋˋ�Ⱖ腊ꆀⴔ鳹桧ծ䫒䎁䪓腊⸂瘝䭷叻㖲鴪Ⰼ椕곭⯓宐䎂կ�
�
莞䊼暵涸侨㷖䒊垷㼜㹊崵侨研鲮⻊⚹〳䊨玐⻊⿬侨鸑鵂獤ⴔ倰玐�
𝑃(𝑡)=�𝜂̈́𝑉Φamb(𝐫,𝑡)⋅𝜎eff(E)侮ざ㢴彂鸑ꆀ♸勞俱ㆇ䎾暵䚍⚹䊨玐霃雦䲿⣘礵ⲥ䭷
㼋կ姻㥵湱Ⱒ灇瑕䭷ⴀ涸侨㷖垷㘗僽鵶䱹䗎錜暟椚♸㸪錜䊨玐涸咕咿尵剣ꆀ
⻊涸⼸ず騗㷖猰⤑〫僽瑟靍կ⢾㥵呏研JUNO�鸑ꆀ侨研⚥䗎㶩腊彂꧋㔙㼜
腊ꆀ用倰Power�Cube�涸12�㽻䒗餘絕匬⾩䏞⠏⻊荛50-80nm⼐ꂁ㣖꣉⚥䗎㶩
涸⚺㼋腊ꆀ⼓ꢂ0.1�-�10MeVկ�
 
 
♲ծ䪮助駟鴲騗㷖猰輑ざ涸㔋㣐呍䗱⴯倝�
�

�

�
Neutrinovoltaic�䪮助涸呍䗱⴯倝僽㛇✵騗㷖猰䙼絶䩧灶⠛絡腊彂䪮助涸⽀♧㷖
猰㽷ꣳ匬䒊磜㶩暟椚-�勞俱猰㷖-�侨㷖䒊垷-�䊨玐䪮助�涸⼸ず⴯倝⡤禹կ鵯♧駟
鴲䎇ꬋ佖」暟椚㷖罜僽㥵莞䊼暵䨾鎊ㄎ䎾✫呍䗱灇瑕涸峯錛鸑鵂騗㷖猰錠
錭椚鍒✫♧湬㶸㖈涸✲暟կ�
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Page 7 of 11 1.�腊ꆀ鲮䰃涸㔋姿騗㷖猰⼸ず劼ⵖ�
�
䪮助劥餘僽♧㖞礵㺙涸騗㷖猰腊ꆀ䱹⸂饋嫦♧姿鿪輑ざ♶ず㷖猰呍䗱䧭卓�
⸓ꆀ䯲蜦磜㶩暟椚+�勞俱猰㷖⚥䗎㶩鸑鵂CEvNS�佪䎾♸⾲㶩呍焥中⠛鷻
10^{-18}J�䗎烯⸓ꆀ䒸〄呍导Ȿˋˋ�㛇✵磜㶩暟椚涸CEvNS�椚雿⣜饆瀖㟯掜⾲㶩
紩㣔絁�䯲蜦⥌〿�
㡮㶩的侔勞俱猰㷖+�㔿⡤暟椚导Ȿ⾲㶩呍鸑鵂兪呔䮷⸓䕎䧭㡮㶩雮䗎烯腊ꆀ
㖈勞俱⚥的侔ˋˋ�㛇✵㔿⡤暟椚涸㡮㶩⠛乄椚雿⣜饆䒗餘絕絕匬霃雦�
Ⱏ䮷佞㣐勞俱䊨玐+�侨㷖䒊垷12�㽻瀖㟯掜-�炊䒗餘絕鸑鵂薴䗞⼶⸂♸湱Ɤ䎁覆
㼜㡮㶩䮷⸓佞㣐53�⦔瑲灶腊ꆀ确崵ꢖ⧩ˋˋ�㛇✵䮷⸓佞㣐椚雿⣜饆ALD䪮助
㹊梡±0.1nm�㽻⾩䱽ⵖ�
歏腊鲮矿䊨玐䪮助+�掚⸂㷖⾓歏ծ种亭歏ծ䮡刼歏佪䎾⼸ず㼜佞㣐た涸䮷⸓
鲮⻊⚹㹁ぢ歏崨鲮矿佪桧鴪35%-42%ˋˋ�㛇✵掚⸂㷖腊ꆀ鲮矿⾲椚⣜饆歏騟꣖
䫒⼐ꂁ霃雦կ�
鵯♧鵂玐⚥尵剣腊ꆀ佞㣐〫剣騗㷖猰佪桧⠏⻊ˋˋ�鸑鵂♶ず㷖猰⼸ず
雮ⴔ侔㖈偽侨䗎錜✲⟝⚥涸腊ꆀ넞佪翸ざ⚹〳欽歏腊կ姻㥵湱Ⱒ灇瑕碫嫱涸
姻㥵⼱㼋⡤歏㶩㷖⚥⽀⚡歏㶩涸䒓Ⱒ偽䠑⛐侨⼧➉歏㶩涸⼸ず䩞㹁⛐✫雦皾䪮
助⚥䗎㶩⯕⠃涸⸂ꆀ⛲彂✵騗㷖猰⼸ず䌄勻涸䎇遤〜⸈佪䎾կ�
 
 
2.�掚⸂㷖♸雦ꆀ㷖涸騗㷖猰ざ錞䚍�
�
ꛏ㼆宕⸓纸�餘毟䪮助鸑鵂掚⸂㷖♸雦ꆀ㷖騗㷖猰⼸ず絛ⴀ僈烁猰㷖㔐䎾�
莞䊼暵⚺倰玐⚚呔黽䗄掚⸂㷖痦♧㹁䖒䲀㼋䖤ⴀ腊ꆀ䎂邂紨勲𝑃𝑜𝑢𝑡�̶𝑃𝑖𝑛�⽰
鳕ⴀ⸆桧⚚呔㼭✵鳕Ⰶ䚪⸆桧⚥䗎㶩ծμ�㶩ծ歏煂㖞瘝㢴彂腊ꆀ⛓ㄤկ䨾靘䮷
⸓佞㣐僽鸑鵂넞ㅷ餘㔔侨QⰟ䮷垷䒭䲿⼮㽷㚖⪰腊㺙䏞罜ꬋ⴯鸣腊ꆀˋˋ�
䚪鳕Ⰶ⸆桧�𝑃𝑖𝑛	=�𝜔𝐸𝑚𝑜𝑑𝑒/𝑄	㨤絊㸛䛎Ⱏ䮷➑䲿⼮歏⾓⥌〿〳崵ꆀ䚍կ�
�
⚥㕂⾲㶩腊猰㷖灇瑕ꤎ2025�䎃䲿ⴀ涸㢴⥌⢪錜崵�椚雿磜㶩暟椚♸掚⸂㷖騗㷖
猰䧭卓鵳♧姿霆㹊霪禹絡僽䒓佞涸ꬋ絁䚍エ佐㐼➢梠㞯⚥寪》䊺㶸㖈涸⸓腊
䎇鲮⻊⚹剣䎸歏崨模Ⰼ痗ざ掚⸂㷖痦♧ծ痦✳㹁䖒կⰦᒘ佪桧赡⚹12%-18%告
㔔�Ⰼ㣔⦫鵘遤䎃ᒘ鳕ⴀ䚪ꆀ〳鴪⠛絡⯕⠃涸1.8�⦔Ⱘ㢊儑衼㹊欽⟟⧩կ鵯䜄㥩⽪
霆✫呍䗱灇瑕涸錜挿溫姻涸腊彂ꬠㄐ♶僽⴯鸣腊ꆀ罜僽⠏⻊腊ꆀ涸鲮矿騟
䖈雮⾲劥小漖涸腊ꆀ鄄넞佪㈂ꄀկ�
�
➢雦ꆀ㷖錭䏞䪮助鸑鵂侨㷖䒊垷♸䊨玐崵ꆀ⼸ず鼙⯝腊ꆀ呍皾幊包⚺倰玐�
䔂ⵖ錞㹁⽀♧荈崡呍皾騟䖈ˋˋ�銳⛎鸑鵂𝑃ab𝑠,𝑎𝑟𝑒𝑎�=�𝑃𝑎𝑏𝑠,𝑠𝑖𝑡𝑒�×�𝑁𝑒𝑓𝑓�雦皾銳⛎湬䱹鸑
鵂鸑ꆀ♸䨔꬗㹁⛐烁⥂雦ꆀ絕卓痗ざ暟椚錞䖒կ�
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Page 8 of 11 3.�錞垷⻊䊨玐涸騗㷖猰騟䖈�
�
⚥䗎㶩腊彂꧋㔙䲀ⴀ涸腊ꆀ用倰Power�Cube僽騗㷖猰⼸ず涸䊨玐Ⱙ薴
霃雦⿬侨湬䱹彂荈磜㶩暟椚㹊낉侨研ծ勞俱猰㷖⠏⻊䧭卓ծ侨㷖䒊垷ꆀ⻊䭷㼋♸䊨
玐䪮助〳遤䚍낉霆�
12�㽻䒗餘絕匬㼆䎾JUNO�㹊낉涸剒⠏ㆇ䎾⾩䏞磜㶩暟椚+�䊨玐霃雦�
20-35˫�䊨⡲庛䏞⼐ꂁCONUS�+�㹊낉涸⸓ꆀ⠛鷻油⧩勵⟝磜㶩暟椚+�掚⸂�㷖�
ALD�䪮助㹊梡±0.1�nm�㽻⾩䱽ⵖ勞俱䊨玐+�ⵖ鸣䪮助垷㗌⻊㛜〜霃雦㹊梡⸆桧
絁䚍佞㣐侨㷖䒊垷+�䊨玐꧋䧭կ�
�
♧⚡Power�Cube�〳鳕ⴀ5-6kW�⸆桧湱䔲✵兜鸑㹻䏭欽歏꨽宠20�♰⚡鵯呋涸鄳縨
鳕ⴀ⸆桧湱䔲✵♧䏠呍导䎾㛜⚂偽꨽敍俱♸㢪鿈慨⸠կ㹊낉㹔㹊崵儑爙A4紺
꬗獤㣐㼭涸�Neutrinovoltaic鳕ⴀ⸆桧鴪�2�-�2.5�檲暵♸莞䊼暵⚺倰玐雦皾⧩偽⨊
䊵霆㹊騗㷖猰⼸ず霃雦涸猰㷖䚍♸〳遤䚍կ鵯姻僽湱Ⱒ灇瑕곫錛涸䔲騗㷖猰
涸椚雿ծ勞俱♸䊨玐䕎䧭꡻梠♶〳腊涸腊彂唀䟝⤑⠔衅㖑⚹梡㹊կ�
�
�
�
㔋ծ䎾欽ꬠㄐ騗㷖猰䪮助涸Ⰼ㚖兜䟃㖞兞�
�

�

�
Neutrinovoltaic�䪮助涸呍䗱⠏⸷僽Ⰼ㣔⦫ծ偽㖑㚖ꣳⵖծ⡤獤䒭〄歏鵯♧暵
䚍彂✵騗㷖猰霃雦㼆⠛絡腊彂㽷ꣳ涸瑲灶䎾欽㖞兞銻渷⠛絡腊彂ꦼ⟄鍘⿺涸곭㚖
㹊梡腊彂Ⰼ㚖兜䟃կ�
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Page 9 of 11 1.�暵婋梠㞯⣘歏灶鍒⠛絡腊彂銻渷湧⼓�
�
⠛絡腊彂㖈㖑♴ծ帿嵳ծ⨊鵴㖑⼓㶸㖈㣔搬㽷ꣳ㣖꣉腊⣜饆⯕撑굥腊⣜饆孞崨
⻊瀖腊彂꬗⚰鵘鳕♸寓厩꡼곿կ罜⚥䗎㶩⯕⠃䪮助涸騗㷖猰霃雦⢪Ⱖ腊㖈鵯❈
㖞兞珘㹁⣘歏�
㖑♴䊨玐瀤❁ծ㖑꜈ծ㖑♴⨢鲨㖞瘝偽⯕撑梠㞯⚥䗎㶩⯕⠃垷㗌〳䲿⣘䭯絯歏
⸂⥂ꥻ撑僈ծ港䱽霃㢊鵘遤կ�
帿嵳霃㢊宐♴纸㐼➃ծ嵳䏀錜崵畀瘝㖞兞偽꨽㹁劍刿矿歏寑⽰〳Ɤ劍䊨⡲�
⨊鵴㖑⼓㿋⼓ծ嵳䀙ծ尪恉瘝歏緸ꦼ⟄銻渷⼓㚖霪䪮助腊⚹㾀字ծ猰灇畀䲿⣘
珘㹁腊彂կ絛⨊鵴⛵勠鿈縭�Power�Cube�禹絡鍒Ɀ㾀字欽歏꨽宠剏去⠛絡㼭宐歏
♸叝屘〄歏կ�
 
 
2.�倝腊彂❜鸑♸帿瑟䱲崵瑲灶腊彂櫕곯�
�
㖈倝腊彂❜鸑♸帿瑟确崵곭㚖腊彂⣘絛僽Ɤ劍㔮䪓涸呍䗱櫕곯կNeutrinovoltaic�
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