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呍䗱㛇瀖Holger�Thorsten�Schubart�⚺倰玐涸暟椚侨㷖鍒區�
�
Holger�Thorsten�Schubart�䲿ⴀ涸⚺倰玐𝑃(𝑡) = 𝜂 ∫ Φ!"#$ (𝐫, 𝑡) ⋅ 𝜎%&&(E)d𝑉僽
⚥䗎㶩⠃暵䪮助涸椚雿呍䗱կ霪倰玐䎇ꬋ䬄韌涸侨㷖䲀㼋罜僽輑ざ磜㶩暟椚ծ
勞俱猰㷖♸掚⸂㷖涸ꆀ⻊垷㘗嫦⚡⿬侨㖲㼆䎾〳낉霆涸暟椚梡㹊匬䒊饰�腊
ꆀ鳕Ⰶ�-�湱匹⡲欽�-�佪桧鲮矿�-�⸆桧鳕ⴀ�涸模侮鹤鳓Ꝇկ�
�

⿬侨涸暟椚劥餘♸㹊낉佅丒�
�
P�澕傞歏⸆桧鳕ⴀ⽀⡙W�

⡲⚹倰玐涸鳕ⴀ고P�(t)�➿邍禹絡〳崵ꆀ涸湬崨⸆桧Ⱖ呍䗱暵䖄僽�䭯絯
珘㹁䚍ˋˋ�⼓ⵆ✵⠛絡〳ⱄ欰腊彂涸ꢂ姅䚍䖤渤✵㢴彂腊ꆀ鳕Ⰶ涸匹邉佪䎾
կ呏研�JUNO�㹊낉侨研崵皾叻ⲥ梠㞯♴�1m³�崞䚍勞俱涸椚雿鳕ⴀ⸆桧〳鴪�
1.2×10⁻³W鸑鵂㛜〜絕匬〳㹊梡⸆桧㺙䏞涸絁䚍䲿⼮կ�

�
η䚪腊ꆀ鲮矿佪桧偽ꆀ紴0<η1�
η�僽邍䖄紵碛絕匬腊ꆀ鲮矿腊⸂涸呍䗱⿬侨巑渷�⸓ꆀ䯲蜦�-�歏蚚ⴔ猌�-�歏腊䲿
》�ⰌꝆ勵佪桧Ⱖ暟椚劥餘僽㢴佪䎾⼸ず⡲欽瀖㟯掜兪呔涸䮷⸓ㆇ䎾佪桧
η₁ծ䒗餘絕涸歏蚚ⴔ猌佪桧η₂ծ歏騟涸꣖䫒⼐ꂁ佪桧η₃⽰�
η=η₁×η₂×η₃կ勞俱猰㷖涸瑲灶⢪�η�㹊梡餘涸굷駟鸑鵂�12�㽻瀖㟯掜�-�䲜勇炊䒗
餘絕涸⠏⻊㛜〜η�椚雿⧩〳鴪�35%-42%鵴馄傍劍懈⡤勞俱�5%-10%�涸宐䎂կ
鵯♧瑲灶彂✵�⾓歏�+�种亭歏�+�䮡刼歏�涸撑ざ佪䎾�ˋˋ�⚥䗎㶩⠛鷻涸⸓ꆀ⢪瀖
㟯掜兪呔❡欰䗎䮷⸓䒗餘絕涸ꬋ㼆獦絕匬㼜䮷⸓鲮⻊⚹㹁ぢ歏㖞㹊梡歏蚚ⴔ
猌կ�
�
Φambr,t)�梠㞯剣佪鸑ꆀ㺙䏞⽀⡙s⁻¹٥m⁻²�
Φamb�(r,t)�僽倰玐剒Ⱘ⴯倝䚍涸⿬侨瑲灶✫�⽀♧⚥䗎㶩鸑ꆀ�涸⠛絡雩濼罜
僽⺫ゎ㣖꣉⚥䗎㶩ծ㸙㸿�μ�㶩ծ梠㞯歏煂㖞ծ掚嶻衅涸㢴彂〜⸈鸑ꆀⰦ傞瑟ⴔ
䋒忘駈�Φamb� (r,t)=Φν+Φμ+ΦEM+Φthկ呏研㹊崵侨研㣖꣉⚥䗎㶩餑柄�58%
Φν͏6×10¹⁰cm⁻²٥s⁻¹㸙㸿�μ�㶩餑柄�32%嵳䎂꬗鸑ꆀ�Φμ͏100m⁻²٥s⁻¹
䎂㖲腊ꆀ�4GeV梠㞯歏煂岚♸掚嶻衅餑柄�10%⢪䚪鸑ꆀ岚⸓㼭✵�5%烁⥂
Ⰼ㣔⦫珘㹁鳕Ⰶկ⚥㕂�JUNO�㹊낉⟄�3%�涸腊ꆀⴔ鳹桧⚹霪⿬侨䲿⣘✫湡⵸剒
礵ⲥ涸㹊崵侨研佅丒霆㹊✫鸑ꆀⴔ䋒涸傞瑟珘㹁䚍կ�
�
σeff(E)�腊ꆀ⣜饆涸剣佪湱匹⡲欽䨔꬗⽀⡙m²�
σeff�(E)�䲽鶣Ⰶ㼘磜㶩♸ꬶ呍〄欰⸓ꆀ⠛鷻涸嚋桧Ⱖ呍䗱暟椚㛇炄僽�CEνNS�佪䎾
湱䎁䔀䚍⚥䗎㶩�-�呍侔㼘կ霪⿬侨Ⱘ剣腊ꆀ⣜饆䚍㖈�0.1-10MeV㣖꣉⚥䗎
㶩⚺㼋腊ꆀ⼓ꢂ鸑鵂炊涸腊紩䲜勇⠏⻊σeff�(E)�〳䲿⼮�3�⦔㖈�TeV�⟄副넞
腊⼓ꢂ㸙㸿�μ�㶩♸馄넞腊⚥䗎㶩ꥧ䒭�Glashow�Ⱏ䮷佪䎾⢪䨔꬗ッ㼆侨䖒㟞
Ɤկ㹊낉낉霆儑爙COHERENT� ざ⡲絆崵䖤ꝟꬶ勞涸� σeff� (E)͏10⁻⁴²m²
CONUS�+�㹊낉鵳♧姿霆㹊霪⿬侨♸叻ⲥ垷㘗곫崵⨊䊵㼭✵�5%⚹倰玐䲿⣘✫㗏
㹊涸暟椚㛇炄կ�
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̈́vdV剣佪⡲欽⡤獤獤ⴔ⽀⡙m³�
霪獤ⴔ고⡤梡✫紵碛絕匬�⡤獤䒭〄歏�涸⴯倝霃雦�ˋˋ�鸑鵂瀖㟯掜♸䲜勇炊
涸❜剏㛜〜1�用倰碛崞䚍勞俱涸剣佪⡲欽⡤獤湱䔲✵⠛絡懈⡤勞俱涸�10⁴⦔կⰦ
暟椚劥餘僽剒㣐⻊磜㶩♸勞俱涸湱匹⡲欽嚋桧㽻ꢂ騄猌䱽ⵖ㖈�0.5-0.8nm�⟄㹊
梡䔂羒ざ䚪㽻侨剒㣐〳鴪�22�㽻䮷⸓佞㣐禹侨鴪�120�⦔12�㽻絕匬鄄霆㹊
⚹腊佪剒⠏ꂁ縨կ�
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倰玐涸侨㷖荈崡䚍♸掚⸂㷖紨勲�
�
Schubart�⚺倰玐涸猰㷖䚍呍䗱㖈✵Ⱖ⚚呔黽䗄掚⸂㷖㹁䖒կ㼜倰玐♸掚⸂㷖痦♧
㹁䖒絕ざ〳䲀㼋禹絡涸腊ꆀ䎂邂紨勲�
�

������������������������������������������ �
�
㖈珘䙖鵘遤傞'(

')
̔0㔔姼�PoutΣPinⰦ⚥�ΣPin=̈́vΦamb� (r,t)⋅σeff� (E)⋅Er�dVEr�

⚹磜㶩䎂㖲导Ȿ⸓腊կ鵯♧紨勲僈烁邍僈P�(t)�涸鳕ⴀ⸆桧⚚呔「ⵖ✵䚪鳕Ⰶ
⸆桧♶㶸㖈�腊ꆀ佞㣐䨾靘�佞㣐佪䎾�㹊⚹鸑鵂Ⱏ䮷ծ㢴彂〜⸈䲿⼮
鲮矿佪桧罜ꬋ⴯鸣腊ꆀկ�
�
➢侨㷖鹤鳓溏倰玐涸獤ⴔ䕎䒭烁⥂✫腊ꆀ呍皾涸模侮䚍瑟ꢂ獤ⴔ̈́vdV�銻渷
䨾剣崞䚍⼓㚖腊ꆀ⣜饆涸�σeff� (E)�烁⥂♶ず腊ꆀ磜㶩涸餑柄鄄礵ⲥꆀ⻊Φamb�
(r,t)�涸傞瑟⣜饆䚍太⡤梡✫梠㞯鷓䎾䚍կ㼆✵�N�⚡杝用鲮矿⽀⯋禹絡鳕ⴀ⸆桧
忘駈�Pexp̹N湱㼆嶻衅�δP/Pexp̹1/√𝑁錞垷⻊た⸆桧珘㹁䚍儑衼䲿⼮⚹䊨
玐䎾欽䲿⣘✫侨㷖⣜研կ�
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猰㷖惶幡灶ꤑ霴鍒涸掚⸂㷖♸雦ꆀ㷖㛇炄�
�
⚥䗎㶩⠃暵䪮助涸〄㾝鵂玐⚥遤⚌㶸㖈⚙㣐呍䗱霴鍒佞㣐佪䎾鵵胜腊ꆀ㸛
䛎偽敍俱⽰宕⸓劼կ㛇✵�Schubart�⚺倰玐♸掚⸂㷖⾲椚〳➢呏劥副惶
幡鵯❈雩濼⨊䊵կ�
�
�
佞㣐佪䎾�涸暟椚劥餘佪桧䲿⼮罜ꬋ腊ꆀ⴯鸣�
�
鿈ⴔ錜挿㼜紵碛絕匬涸�䮷⸓佞㣐Ⱏ䮷㟞䔂�霴鍒⚹�腊ꆀ佞㣐㹊太
幊巭✫�⪰腊㺙䏞�♸�腊崨㺙䏞�涸嚋䙁կ⚺倰玐⚥Ⱏ䮷佪䎾涸䕧ㆇ䊺鄄
紵Ⰶ鲮矿佪桧� η넞ㅷ餘㔔侨� Q� 涸Ⱏ䮷垷䒭〳䲿⼮㽷㚖⪰腊� Emode
Emode̹Q×Einputpercycle⡎䚪鳕Ⰶ⸆桧�Pin=ωEmode/Q�⥂䭯䛎㹁➑腊
䲿⼮歏⾓⥌〿涸〳崵ꆀ䚍偽岁瑲灶�ΣPin�涸副ꣳկ�
�
㹊낉侨研霆㹊✫鵯♧絕雿CONUS�+�㹊낉⢪欽䗎㘗确崵㐼錜崵ⵌ�395�妃⚥䗎㶩焥
中✲⟝Ⱖ⸓ꆀ⠛鷻佪桧♸椚雿곫崵模Ⰼ♧荝劢〄梡⟣⡦腊ꆀ♶㸛䛎梡韌կ䨾
靘�佞㣐�㹊⚹鸑鵂勞俱絕匬⠏⻊⢪�σeff�(E)♸�Φamb�(r,t)�涸羒ざ佪桧䲿⼮⢾㥵
䲜勇炊⢪⚥䗎㶩⡲欽嚋桧䲿⼮�3�⦔瀖㟯掜涸馄㣐嫱邍꬗獤⢪⸓ꆀ䯲蜦佪桧䲿⼮
♧⚡侨ꆀ紩鵯❈㖲㾩✵佪桧⠏⻊罜ꬋ腊ꆀ⴯鸣կ�
�
�
偽敍俱腊彂涸猰㷖劥餘䒓佞禹絡涸腊ꆀ❜䰃�
�
⚥䗎㶩⠃暵䪮助鄄霴鍒⚹�宕⸓劼呍䗱僽䙐錠✫Ⱖ⡲⚹䒓佞禹絡涸腊ꆀ鳕Ⰶ
կSchubart�⚺倰玐僈烁歲㹁✫禹絡涸腊ꆀ勻彂僽㸙㸿⚥䭯絯㶸㖈涸⚥䗎㶩ծμ�㶩
瘝磜㶩�ˋˋ�鵯❈磜㶩䎇ꬋ�偽⚥欰剣罜僽㸙㸿㣐旘挽ծ䛎僤呍翸」瘝㣔⡤鵂
玐涸❡暟Ⱖ䚪腊ꆀ⪰㢊湱䔲✵�10¹⁰⦔㖑椕⻊瀖腊彂䚪ꆀ僽溫姻�》⛓♶㽴�
涸㸙㸿紩腊彂կ�
�
➢雦ꆀ㷖錭䏞霴鍒涸呏彂㖈✵幊巭✫�䔂䏞ꆀ�♸�䎛䒁ꆀկ⽀⚡紵碛⽀
⯋涸エ佐⸆桧➑⚹�10⁻³¹-10⁻²⁹W⡎鸑鵂�10¹⁴-10¹⁵m⁻²�涸剣佪⽀⯋㺙䏞〜⸈꬗
エ佐⸆桧〳䲿⼮荛㹊欽宐䎂կ⚺倰玐䔂ⵖ錞㹁✫⽀♧荈崡涸呍皾騟䖈銳⛎鸑鵂�
Pdbs,area=Pabs,site×Neff�雦皾銳⛎湬䱹鸑鵂鸑ꆀ♸䨔꬗㹁⛐鼙⯝✫ꅾ撑雦皾㼋荝
涸腊ꆀ贞㟞烁⥂雦ꆀ絕卓痗ざ暟椚錞䖒կ�
�
�
�
�
�
�
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ᒘ佪桧涸ꆀ⻊〳欽腊涸猰㷖霉⠮�
�
ᒘExergy⡲⚹〳欽腊涸䏞ꆀ僽霉⠮腊彂䪮助涸呍䗱䭷叻կ⚥䗎㶩⠃暵禹絡
涸ᒘ佪桧雦皾꨽絕ざ⚺倰玐♸ᒘ䎂邂⾲椚�

�
Exout=ηex⋅̈́vΦamb(r,t)⋅σeff(E)⋅Ex(E)�dV�

�
Ⱖ⚥�Ex� (E)�⚹Ⰶ㼘磜㶩涸嫱ᒘηex�⚹ᒘ鲮矿佪桧⺫ゎ♶〳鷟䰀署⥝姻կ㹊
崵侨研儑爙霪禹絡涸ᒘ佪桧紨⚹�12%-18%赡⡛✵⠛絡⯕⠃涸䂽⧩佪桧⡎㔔
ⰦⰌ㣔⦫鵘遤暵䚍䎃ᒘ鳕ⴀ䚪ꆀ〳鴪ⵌ⠛絡⯕⠃涸�1.8�⦔㾝梡ⴀ儑衼涸㹊꣢
䎾欽⟟⧩կ鵯♧雦皾⚚呔黽䗄ᒘ䎂邂㹁䖒霆㹊✫禹絡涸掚⸂㷖ざ錞䚍կ�
�
�

䪮助瑲灶勞俱䊨玐♸㹊낉낉霆涸⿽ꅾ佅丒�
�

�
�
Schubart�⚺倰玐涸衅㖑⣜饆✵勞俱猰㷖♸㹊낉暟椚涸⼸ず瑲灶կ鵛䎃勻Ⰼ椕
곝㼺劼匬涸灇瑕䧭卓⚹倰玐⚥涸Ⱒꝶ⿬侨䲿⣘✫㗏㹊涸䊨玐佅丒⢪䪮助➢椚雿
饥ぢ㹊騨կ�
�
�
�
�
�
�
�
�
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呍䗱勞俱瀖㟯掜�-�炊䒗餘絕涸⼸ず佪䎾�
�
瀖㟯掜⾲㶩紩⸓ꆀ䯲蜦㣔絁�
끩⯘倛٥兜剽⯘㔿⡤灇瑕䨾涸灇瑕霆㹊瀖㟯掜涸✳絶焫兪呔Ⱘ㢊⾲㶩紩礵䏞涸
䮷⸓ㆇ䎾腊⸂Ⱖ兪呔䮷⸓♸⚥䗎㶩⠛鷻涸⸓ꆀ❡欰湱䎁Ⱏ䮷㡮㶩♸歏㶩涸ず
姿⡲欽⢪⸓ꆀ䯲蜦佪桧鴪ⵌ�92%�⟄副կ瀖㟯掜涸馄㣐嫱邍꬗獤2630m²/g♸
馄넞歏㶩鴲獴桧2×10⁵cm²/V٥s模繠⼐ꂁ⚥䗎㶩湱匹⡲欽�烯⚂ⴔ侔�
涸暵挿䧭⚹椚䟝涸腊ꆀ䱹佐➝餘կ�
�
䲜勇炊佪桧⠏⻊涸Ⱒꝶ鲿⡤�
꯺㕂勞俱猰㷖灇瑕䨾KIMS鸑鵂�N�㘗炊涸腊紩䲜勇靈䱽㼜⚥䗎㶩�-�呍湱匹⡲
欽涸ㆇ䎾佪桧䲿⼮�3�⦔կ㹊낉邍僈50-80nm�⾩䏞涸䲜勇炊〳䎂邂䮷⸓⠛鷻♸⡲
欽佪桧㽻ꢂ�0.5-0.8nm�涸ꢂ騄⢪瀖㟯掜♸炊䕎䧭䔂羒ざ儑衼䲿⼮歏蚚ⴔ猌佪
桧կ鵯猫絕匬霃雦⢪�η₂歏蚚ⴔ猌佪桧➢⠛絡絕匬涸�35%�䲿⼮荛�68%䧭⚹�η�
䲿⼮涸呍䗱끮⸓⸂կ�
�
㹊낉낉霆Ⰼ椕곝㼺㹊낉涸霆䰘Ꝇ�
�
Schubart�⚺倰玐涸嫦⚡⿬侨㖲絑鵂㕂꣢곝㼺㹊낉涸杝用낉霆䕎䧭✫偽䥮〳ⴁ涸
猰㷖霆研Ꝇ�
�
CEνNS�佪䎾낉霆2017�䎃�COHERENT�ざ⡲絆錜崵ⵌ�134±22�⚡�CEνNS�✲⟝
2025�䎃�CONUS�+�㹊낉鵳♧姿錜崵ⵌ�395�妃焥中✲⟝⚙妃㹊낉絕卓㖲♸叻ⲥ垷
㘗곫崵㖈�1σ�薴㔵ⰻ♧荝霆㹊✫⚥䗎㶩⸓ꆀ⠛鷻涸溫㹊䚍կ�
�
妍崍⚥鿈傞ꢂ�2026�䎃�1�剢�19�傈㕂꣢ざ⡲고湡�LUX-ZEPLINLZ猰薉䋒䬘
㣐㷖猰䪮㷖ꤎ⟉㐼ㄤ㹊낉磜㶩暟椚㹊낉㹔⚹⴯㨤䧭プ〄䋒ꅾ㣐䧭卓껷妃⟄�
4.5�銯呔桾縨⥌䏞馄�3�銯呔桾�霆研�叻ⲥ錜崵ⵌ㣖꣉⚥䗎㶩♸⾲㶩呍涸䔀
䚍湱䎁侔㼘CEνNS鵂玐կ鵯♧鵂玐⚥⚥䗎㶩♸侮⚡⾲㶩呍湱匹⡲欽䎇⠛鷻
㼱ꆀ腊ꆀⰦ껷妃錜崵赡✵�2017�䎃鸑鵂呍导䎾㛜❡欰涸넞崨ꆀ⚥䗎㶩㹊梡⡎�
LZ�僽껷⚡㖈㣖꣉⚥䗎㶩㖞兞♴䯲蜦霪鵂玐涸㹊낉Ⱖ縨⥌䏞鵴馄姼⵸�PandaX-4T
ծXENONnT�㹊낉✳罏縨⥌䏞㖲⡛✵� 3�銯呔桾䧭⚹勻荈㖑㢪⚥䗎㶩涸�
CEvNS�⥌〿涸痦♧⚡�霆研կ�
�

㹊낉涸瑲灶䚍䧭卓㛇✵�2023�䎃�3�剢荛�2025�䎃�4�剢涸�417�㣔剣佪侨研⢪欽�10�ょ
馄紱巊孤确崵㐼-98°C�鵘遤㸝鄳✵繠㕂�1.5�Ⱆꅽ帿涸呹犷䗞㖑♴灇瑕霃倶
SURF⟄剒㣐ꣳ䏞Ⲹ㼱㸙㸿鳒㼘䎁䪓կ倝㣼⛓㢅㖈✵㣖꣉⚥䗎㶩涸唬崵鵮
剣錜㻋㸐⟌涸匧Ⱖ䗎㦪涸劼ⵖկ�LIP�灇瑕プⰯ�LZ�ざ⡲涸暟椚ⶰ⼸靈プ�Paulo�
Brás�䔂靈䧮⟌靍雿涸僽嫦⚡湱匹⡲欽〫剣Ⳝ⚡⯕㶩ㄤ歏㶩鵯邍僈✫�LZ�确
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崵㐼涸ꬋⳝ⾝併䏞կ�鵯♧瑲灶♶➑⚹㣖꣉ⰻ鿈灇瑕䒓鳧倝璬〡刿➢㣖꣉⚥䗎
㶩㖞兞낉霆✫�CEνNS�佪䎾涸兜鷓䚍鵳♧姿㣝㹊✫�σeff�(E)�⿬侨涸㹊낉㛇炄կ�

�
♸姼ず傞LZ�㹊낉㖈湬䱹社程⡛餘ꆀ冝暟餘倰꬗⛲鴪ⵌ✫剣〷⟄勻剒㥩涸匧ꣳ
烁㹁✫�WIMP烯湱匹⡲欽涸㣐餘ꆀ磜㶩䊺濼ꣳⵖ䚍剒䔂涸匧ꣳ暵ⵆ僽㼆餘
ꆀ⡛✵�9�GeV/c²�涸�WIMP�곾磜կ赡搬劢錜㻋ⵌ勻荈鵯❈磜㶩涸湬䱹⥌〿⡎倝絕
卓䊯㔿✫�LZ�⡲⚹餘ꆀ馄鵂�5�GeV/c²�涸�WIMP�⚆歲副剒併䠭㹊낉涸㖑⡙կ冝暟
餘涸㶸㖈ㄤ䚍餘僽椚鍒㸙㸿涸呏劥꡼곿կ�FCTUC�侅䱇Ⱟ�LIP�灇瑕プ� Isabel�
Lopes곭㼋袕蟎暅㼭絆涸�LZ�ざ⡲邍爙䧮⟌鵮尵剣腊㢿湬䱹錜㻋ⵌ㸐⡎
鵯❈絕卓雮䧮⟌刿㥩㖑✫鍒㸐㥵⡦♸姻䌢暟餘湱匹⡲欽կ�
�
⧩䖤♧䲿涸僽鵯䎇ꬋ➃碫껷妃㖈霪㹊낉㹔唬崵ⵌ勻荈㣖꣉涸⚥䗎㶩կ20�⚆紬�
60-70�䎃➿Raymond�Davis�Jr.�ㄤ�John�Bahcall�껷妃欽�380�用倰碛涸确崵㐼崵ꆀ
✫㣖꣉⚥䗎㶩涸崨⸓霪峯瑏梡鄄獦⚹�䨥絶倛峯瑏鵯♧䧭卓⚹�
Raymond�Davis�饒䖤✫�2002�䎃霿餍㼷暟椚㷖㤙կ�
�
鸑ꆀ侨研佅丒JUNO�㹊낉㼆㣖꣉⚥䗎㶩䮷虹⿬侨涸崵ꆀ礵䏞嫱姼⵸䲿⼮�1.5-1.8�
⦔⚹�Φamb�(r,t)�䲿⣘✫礵ⲥ涸㛇ⲥ侨研KM3NeT�劅鵴Ꞥ䯲蜦涸�220PeV�馄넞腊
⚥䗎㶩霆㹊✫㸙㸿紩鸑ꆀ涸䭯絯䚍LZ�㹊낉涸㣖꣉⚥䗎㶩湬䱹錜崵鵳♧姿낉
霆✫㣖꣉⚥䗎㶩鸑ꆀ涸珘㹁䚍♸〳确崵䚍կ�
�
䨔꬗⿬侨낉霆COHERENT�㹊낉崵䖤ꝟꬶ勞涸σeff�(E)�͏10⁻⁴²m²CONUS�+�㹊낉
낉霆Ⱖ珘㹁䚍⨊䊵㼭✵�5%䲜勇炊涸⠏⻊⢪霪⿬侨㖈湡叻腊ꆀ⼓ꢂ䲿⼮�3�⦔
LZ�㹊낉鸑鵂㣖꣉⚥䗎㶩♸孤呍涸湱匹⡲欽錜崵⚹⡛腊⼓ꢂ�σeff�(E)�䲿⣘✫倝涸㹊
崵侨研♸叻ⲥ垷㘗곫崵♧荝䚍葻㥩կ�
�
⸆桧鳕ⴀ낉霆㹊낉㹔⾲㘗㐼⟝涸㹊崵侨研儑爙12�㽻絕匬涸�10cm³�呋ㅷ鳕ⴀ
⸆桧鴪�1.2×10⁻⁵W♸⚺倰玐涸椚雿雦皾⧩⨊䊵㼭✵�8%霆㹊✫倰玐涸곫崵ⲥ
烁䚍կ�
LZ 㹊낉歋勻荈繠㕂ծ薉㕂ծ袕蟎暅ծ榰㡦ծ慌㣐ⵄ❇ㄤ꯺㕂�37�⚡劼匬涸紨�250�
ぜ猰㷖㹻ㄤ䊨玐䋗絆䧭ざ⡲㔙ꢭ雦够䭯絯鵘遤荛�2028�䎃湡叻模䧭�1000�㣔侨
研ꅷ꧋劢勻㼜⚹⚥䗎㶩暟椚ծ冝暟餘灇瑕⿺刿㢴縁錛㣼䒗鵂玐涸确程䲿⣘Ⱒꝶ
侨研佅丒կ�

�

�

�

�
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䊨玐㾝劅➢猰㷖낉霆ⵌ錞垷⻊䎾欽�
�
Schubart�⚺倰玐♶➑僽椚雿垷㘗刿⚹䪮助涸䊨玐⻊䲿⣘✫幡兠涸⠏⻊騟䖈կ㛇
✵倰玐涸ꆀ⻊䭷㼋⚥䗎㶩⠃暵䪮助涸錞垷⻊䎾欽〳➢⟄♴⚙倰꬗䲀鵳�
�
�
�
⸆桧䲿⼮騟䖈⿬侨⠏⻊涸䊨玐倰ぢ�
�
呏研⚺倰玐𝑃(𝑡) = 𝜂 ∫ Φ!"#$ (𝐫, 𝑡) ⋅ 𝜎%&&(E)d𝑉⸆桧䲿⼮〳鸑鵂㔋㣐騟䖈㹊梡�
佪桧⠏⻊鸑鵂㛇㔔皾岁⠏⻊䒗餘絕㽻侨♸絕匬湡叻㼜�η�䲿⼮荛�50%�⟄副�
�
鸑ꆀ䬪㾝侮ざ刿㢴梠㞯腊ꆀ鸑麤㥵㸙㸿㼘絁妃紩磜㶩⢪�Φamb(r,t)�䲿⼮�
20%-30%�
�
䨔꬗㟞䔂䒓〄倝㘗䲜勇勞俱㥵炊�-�ꝟざꆄ鵳♧姿䲿⼮�σeff� (E)�㼆⡛腊⚥䗎
㶩涸ㆇ䎾�
�
⡤獤佞㣐ꅷ欽垷懈⻊㛜〜霃雦匬䒊用倰碛紩崞䚍⡤獤⽀⯋㹊梡⸆桧涸絁䚍�
佞㣐կ�
�
�
䎾欽㖞兞瑲灶⠛絡腊彂涸㽷ꣳ�
�
⚥䗎㶩⠃暵䪮助涸呍䗱⠏⸷㖈✵�Ⰼ㣔⦫ծ偽敍俱ծ㼭㘗⻊Ⱖ䎾欽㖞兞㼜銻
渷⠛絡瀖⻊腊彂ծ㣖꣉腊ծ⪰腊歏寑ꦼ⟄鍘⿺涸곭㚖�
�
1. 帿瑟确崵偽꨽䶀䌄敍俱〳⚹僤꣢确崵㐼䲿⣘䭯絯腊彂鍒Ɀ帿瑟确崵
涸腊彂櫕곯�

2. 㖑♴䊨玐㖈偽⯕撑ծ偽孞崨涸㖑♴瀤❁ծꦍ麤⚥㹊梡Ɤ劍珘㹁⣘歏�

3. 暟翫緸絊畮㼭㘗⻊垷懈〳⚹嵳ꆀ暟翫緸霃㢊䲿⣘絊魧⯝絶䫡歏彂꣭⡛
鵘絶䧭劥�

4. 䎾䚉腊彂荈搬拇㹲た偽꨽⣜饆歏緸⽰〳䘯鸟鿈縭䎾䚉⣘歏禹絡կ�

�
�
�
�
�
�
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絕雿⚺倰玐䒸곭涸腊彂猰㷖倝薴䒭�
�

�
�
Holger�Thorsten�Schubart�䲿ⴀ涸⚺倰玐𝑃(𝑡) = 𝜂 ∫ Φ!"#$ (𝐫, 𝑡) ⋅ 𝜎%&&(E)d𝑉♶➑
僽⚥䗎㶩⠃暵䪮助涸椚雿呍䗱刿匬䒊✫♧猫Ⰼ倝涸腊彂猰㷖薴䒭�ˋˋ�⟄磜㶩暟
椚⚹㛇炄ծ⟄侨㷖垷㘗⚹佅丒ծ⟄掚⸂㷖䎂邂⚹紨勲ծ⟄㢴彂腊ꆀ⚹鳕Ⰶկ�
�
➃碫腊彂俒僈涸劥餘僽�腊ꆀ蜦》倰䒭㼆爢⠔䕎䙖涸㝕鸣ˋˋ�➢叝讏俒僈涸�
欰㶸㘗腊彂�ⵌ⻊瀖腊彂涸�的䓎㘗腊彂ⱄⵌ〳ⱄ欰腊彂涸�〳䭯絯腊彂
嫦♧妃駟鴲鿪彂✵腊ꆀ蜦》佪桧♸銻渷薴㔵涸瑲灶կ⚥䗎㶩⠃暵䪮助涸ꬠㄐ
䚍䎇ꬋ⽀紱涸腊彂䕎䒭⴯倝罜僽鸑鵂莞䊼暵⚺倰玐匬䒊✫�Ⰼ㚖偽䊵ⵆ腊ꆀ
⣘絛⡤禹䕸䏀䩧灶�腊彂獺緃䚍�鵯♧ⵖ紨➃碫俒僈〄㾝涸䏀㽻鹤鳓կ�
�
霪倰玐涸嫦⚡⿬侨㖲剣㗏㹊涸㹊낉佅丒㽍Ⱖ僽�2026�䎃�LZ�㹊낉⟄�4.5�銯呔桾縨
⥌䏞㹊梡㣖꣉⚥䗎㶩�CEvNS�佪䎾涸瑲灶䚍錜崵♶➑낉霆✫⚥䗎㶩♸⾲㶩呍湱匹
⡲欽涸兜鷓䚍刿⟄Ⱖ确崵㐼涸馄넞⾝併䏞⚹湱Ⱒ⿬侨䲿⣘✫礵ⲥ㹊崵⣜研կ倰
玐涸侨㷖荈崡䚍♸掚⸂㷖ざ錞䚍⚹䪮助涸猰㷖〄㾝㤭㹁✫㛇炄կ�
�
⚥䗎㶩⠃暵䪮助涸䄕饰䎇ꬋ㼆⠛絡腊彂涸剏➿罜僽㼆腊彂⡤禹涸邉⯎♸ꬠ倝
կ㸐⟄㸙㸿⚥》⛓♶㽴涸磜㶩腊ꆀ⚹勻彂㹊梡✫Ⰼ㣔⦫ծ偽䱗佞涸腊彂⣘䎾
⚹➃碫䎾㼆孞⦫」⻊ծ腊彂㸝Ⰼ䮋䧶䲿⣘✫Ⰼ倝騟䖈կꥥ满勞俱猰㷖涸䭯絯鵳姿
♸䊨玐䪮助涸♶倗瑲灶Schubart�⚺倰玐䨾䲽絚涸腊彂覰㕃㼜鷶姿」⚹梡㹊䒸
곭➃碫鵳Ⰶ偽敍俱腊彂涸倝傞➿կ�


