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納䓺٤ؕآت槏韢؅鼎מ坎չ٭ٛם♣俙׼־圸䧯׾׿׈ꓪ㲳┮㜟ꓪס篙צ潨㎫䑑؅氠ַג阛砯؅╚䖥מ
篙צ潨ס tail 煝疴؅鉿ֹն׾׌ꫀמ俙♣٤ؕآتյ׷煝疴ס
Ӗ磵צ泘ס tail 溿狒׾׌꞊מ 篙צ潨ס tail ׀♕虝ס潨צյ篙ע㲽㐂ס g 㸐מ傈ס㝂꽃䑑ث٤٭٘ة
նGaroufalidis-Lê׾׿׼阋ַ䳕ֻמ㴗㴻䙎ס俙➳׾׌ (2015) յalternatingיַֽמ ׀♕虝ס潨צ篙ם
sl2 긊鬘俠俙ס㝂꽃䑑ֿ⚈䟨ث٤٭٘ة k 睗י׊㸐מ k 沁潨ס㴗㴻䙎؅䭥הյ睗 k 沁潨ס tail ֿ䕑׿׼
ס潨צն篙ג׿׈獏ֿכ׆׾ tail 睗ַֹך׆׆յעס׵גַי׿ף⽿כ 0 沁潨ס tail ն׾ֵך
俙♣٭ⷃ筙ٛס둚姌מכ׵芻再؅ס׼׿׆ g ׀♕虝ס潨צյ篙י׊㸐מ g 溷✄⪾ס㝂꽃䑑ث٤٭٘ة
睗ג׊阛砯؅ꄼם k 沁潨ס tail 阛砯塌؅עי׊ꫀמ潨צ篙تٚ٭ع-煝疴؅鉿ֹն槁㐂յ(2,m)׾׌ꫀמ
氠ַךכ׆׾յGaroufalidis-Lê (2015) ׾ַי׿׈㴻聋ך k 沁潨ס➳俙ס㴗㴻䙎׵׽׻窢㶔ם㴗㴻䙎؅
牞霼׾ַי׊նמ׼׈յ睗 k 沁潨ס tail ֿյֵ׾ k0 ׼־ q-筦俙ׂםעך q-㝂꽃䑑׾םמ槁骭׵牞霼׊
睗׵א׵אյ־ס׾׀鱍ךتٚؠס潨ײ簀םֹ׻סל槁骭ֿםֹ׻ס׆ն׾ַי k 沁潨ס tail ֿ㲽㐂׌
עמ芻再ס㴗㴻䙎ס׼׿׆յמ׼׈ն׾׌ゼ꾴؅煝疴ַֹכ־ס׾ Garoufalidis-Lê (2005) 獏יז׻מ
ꓪ㲳ג׿׈ g ┮㜟ꓪס q-ٌٞ٭ِؿ䙎ֵֿכ׾脝ֻ׾ַיնיז׻յ⪽✄❛ך睗 k 沁潨ס tail 阛砯ס
י׊כ芻再םյ槏韢溷׼ֿם隍僻؅鉿ַס槁骭յ䙎鮐׷ q-ٌٞ٭ِؿ䙎סכꫀ➳؅鞪׾׬ն
յsl2גױ ם溷✄⪾מ坎⻎כ⻉㖪ס tail ׼־僻獏䑑ס g ׾׌㸐䗎מ (false) theta series ֿ䕑כ׾׿׼

脝ֻ׾׿׼նס׆僻獏䑑ךכ׆׾ֻ┰؅յ虝♕ث٤٭٘ة׀㝂꽃䑑כꓪ㲳ٓ٭ٖٚة䓺䑑סכꫀ➳׷յ
(false) theta function ס Andrews-Gordon 㒘ס䚔瞏䑑؅䕑׾煝疴׵鉿ֹն
Ӗ٤ؕآت♏丗מ꞊׾׌溿狒 ؠ٤ٚ 2 俙♣٭ⷃ筙ٛס g = sl3, sp4, g2 ס둚姌׾׌כ״׋ע؅⻉㖪ס
تյי׊אն׾׌煝疴מ阛砯؅鼎ג潨㎫䑑؅氠ַצ俙溷䙎鮐؅篙♣ס俙♣٤ؕآت׾׌㸐䗎מ俙♣٭ٛ
剱긖ךכ׆׾׌מ־׼؅僻➳ꫀסכ疾ꪨ٭ِٖٚكؕذꓪ㲳׷俙♣٭ذتٚؠꓪ㲳ס剱긖כ俙♣٤ؕآ
䌐㑝ס G 䱸籽ٖؕٚةٓס疾ꪨס䌢✇ס׫䗎氠؅脝ֻ׾նס׼׿׆煝疴מ╭ע焪堦⪿宋׷柾ꓩ걺鼸宋כ
ն׾ֵך㴻◙׾״ꅼך⻎⪳
ך煝疴⻎⪳סכ焪堦⪿宋סךױ׿׆ sl3, sp4 ׾׌㸐䗎מ٭ذتٚؠ׾ֽׄמ俙♣٭ذتٚؠמ⻉㖪ס
յ剱긖עמն㵅갾ג׀יז✑㸐䗎؅ךכ׆׾ֻ┰؅⻉겏ס⩧ס俙♣٤ؕآت Σ تٚؠꓪ㲳סאי׊㸐מ
俙؅♣٭ذ A q

g,Σյꓪ㲳 upper 俙؅♣٭ذتٚؠ U q
g,Σյ 俙؅♣٤ؕآت S q

g,Σյסא㘶汔䒁׾׻מ㹾䨾ⵊ S q
g,Σ[∂

−1] ✄カס俙♣٤ؕآتյמ׀כג׊כ FracS q
g,Σ מ╚ס A q

g,Σ ؅圸䧯ך┪ג׊
S q

g,Σ[∂
−1] ⊂ A q

g,Σ ⊂ U q
g,Σ ⊂ FracS q

g,Σ

؅獏ג׊նsl3, sp4 䈱ס┪י׊㸐מ նg2׾׬؅鞪־ח皑׽瞏⺴ֿ䧯יַֽמ➳ⴭ⻻ꫀסח2 ׷ sln 㖪ס
ն׾׌؅煝疴־׾׀ך圸䧯ֿײꁎ״㓷ס俙♣٭ذتٚؠכ俙♣٤ؕآتס阾┪׍ױյעי׊ꫀמ⻉
؅ꓪ㲳⩧ס俙♣٤ؕآتך╚ַׂי׊㸐䗎؅煝疴סյ┪阾גױ upper 䩘׾׌㺤ꪛכ׫俙♣٭ذتٚؠ
岺ג׀יז־؂׵նס׆㺤ꪛס霄箖؅锶ךכ׆׾㺤ꪛ➳俙ס positivity ؅隍僻׾׌ն
آتס剱긖מ蔦撬ע꿔聁⦍⫭ס鉿ֹն剱긖׵煝疴ס銨槁ס꿔聁⦍⫭סյ剱긖עי׊ꫀמ俙♣٤ؕآت
ؕ٤♣俙מ✑氠׾׌նי׊א q ؅ 1 ס氠ֿ⫬⦐꿔聁✑ס׆յיז׻מכ׆׾⺅מ呧⬅ס TQFT 銨槁؅
םכ־׼䙎鮐ֿ僻ס俙♣٤ؕآت׾׌갪♕מ俙♣٭ٛס둚姌ך煝疴סն♀㎇׾ַי׿׼焒ֿכ׆׾ֻ┰
둚姌סյ⫬⦐꿔聁יז׻מכ׆׾־؂ֿ➳ꫀסכ疾ꪨ٭ِٖٚكؕذ둚姌׷俙♣٭ذتٚؠמ׼׈յ׽
׾ֽׄמ俙♣٭ٛס TQFT 銨槁ס煝疴ֿꅼכ׾׿׼״脝ֻ׾ַיնי׊אյס׆⫬⦐꿔聁סꓪ㲳銨槁־
ն׾ַי׊劻䔵כ־ַםעךס׾׀ךꓪ㲳┮㜟ꓪ؅溪锶ס✄姌⩧㝂坎┩ַ׊偆׼
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