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ABSTRACT. ZH¥ —Z{HDWIEIZE VT Racinet ([R]) ICE > TEAINZX TN vy 7L
#4 DMR & Drinfeld ([D]) A L7727 VS T — X —DHEE ASTR DE#H KL T Z 1 5 DR
[Z2WT, mould ¥l E W HERLICOWTHAT 2, 2 QM IZLHR & /NG L K
r OIFIFE [FHK] (HDWT W3,

L. FER[ L HIERE Y 4 FToERL

Z DEICIIIER B NN ENBIRDOETEEE LTED LML X T vy 7 VES DMR
L7V I— R —HEEASTROER(ILE ZDODBRICOWTHIS N T WA Z 2 #F/ICEY
55,

ZDODORZBEY - XENWM T ZOo0EERMFRK. X7y vy 7B TV >
I—X—HFRA, TEBINLIEETHE, 2O HEEDI L BELABEBRRATH
ENREEHHZHEHY—XEDOITRTOBARKEZRL I e HFINTED, 2bhbIFZD
“HoBBRREIEMTH 2 Z eI TV S,

1.1. DMR. &7V vy 7 VA DMR &1 Racinet ([R]) 12 & D& A 7= 0&
WBIRDENEATH DY ZEL - XEDHL T XIS vy 7VEGRE D EDSNE, 20D
ﬁ%%ﬁ%?ét@ﬁm<o#ﬁ%%@ﬁ?éT%ﬁ@%ﬁﬁﬂ%hﬁdaemfiﬁém
FEE Q- —HBr 2. ZoWimEEREO ML U 1213 BRI Hopf RED R A
%, ThoRKE A LB, QMREE LT U BRI EREBRE Q((fo, f» | o € T))
YR—HEN S, BT = {1} (—AH%ES) DL &, Racinet DELEICEHET Ufr % Q((X))
LET I EITT B, RIS, QUY)) & {Vitken CTHEMS NIIFAHRZIHNIRORENC X 552
L35, T2 TREUZ degYy = k TARD, QUY)) 12

AY,) =Y, @1+1xY,+ Y Y&y, (n>1)

i+j=n

TREZANS Z 22X D Hopf REMDEED A %, QR E2H my : QX)) — QU(Y))
%

— kl*l... kr—1
Wy(W) = { éfkl Y, E% glo)(%ﬂj‘) fi 0 )7

IR ARG & 2 D JA3 2023 Gl 72 RAR.



TED % (24U Hopf REDHERANI A 5 720), & o e QX)) IR LT

Pcorr = €XP <i(—1)k%y‘1}€> :

k=2

s =Ty (¥) - Peorr € Q(Y))
CEDD, TITplfifEHhided fiffi 'Oz TH %,
Definition 1 ([R]). X 7L vy 7LES DMR L IZRD M

* ©(f0,0) =¢(0, f1) =1

e Alp)=p®ep

* Au(ips) = px ® s
itz TIEAHIE RN ¢ = o(fo, f1) € QUfo, [1)) DRFTHEEDZ L TH 2, HFpeQ
WK UT (@l fifo) = 2 725 DMR OTE ¢ DERIEA% DMR, LE 2 22T 5,

Z DFtH DMR 1 double mélange et régularisation DX F 6K T W5, DMR, IZIFFE
AR DOREENI A D, KTV vy TAVBEE B ZDREDMR, D Z . TH %, $7%DMR, I
lZ DMRy fEHI L. ZOfERIZ L D% 1 e QITXf LT DMR,, 1Z1% DMRy-torsor DH§EDS A %
ZEDBR]TREATVS,

KZ (Knizhnik-Zamolodchikov) 778D EAME % {# - T Drinfeld (|D]) 23 KZ 7Y > T —
2 — LI 5 IERTHIE BRI Ok, € CU(X)) ZHERRL TV 3, ZHAOBRBUCITIZE
Y —XENENDZ Z e PHI SN TWS, (cf. [LM], [FO3])s Z DERMERE (EfEICIZ N
DX HiA) LD DMR D (CAH) ME 525 2 L IFZELY - XEIX TV vy 7 LR
REMETIEDEVIRZICR > TV,

1.2. ASTR. XiZ Drinfeld (D) IC & 37V > T—&X—E ASTR DEHREFHIHT 2 72120
X ODRERMERT S n>22 35, ERIVER Y —KE (314: Drinfeld-Kohno V —f{%%)
t, L&, ZERTTH {ti; }ocijen THA BN

ti =0, tiyy=tju, [ty tu+txl =0, [tij,tu] =0 (i,5,.k1: AREIRD)
THEBRABGEZ o= EBT=2) RO TH 5,

Definition 2 (|D, F10]). JERMHBEREVEREL © = o (fo, f1) € Q((fo, f1)) BDRDT YV ¥ T —
& — BRI

* 0(fo,0) = (0, 1) =1
e Alp)=p@¢
o p(toz + tiz, tas)p(tor, tiz + ti3) = p(tor, tiz)@(tor + Loz, tiz + ta3)w(ti2, t23)
BT LETYSI—E—THE L5, 7Y YT X—2AhORTREEASTR LT
Zriet s,
B e QIIMUT (p|fifo) = & 7% ASTR DTE o DERIES % ASTR, LEIT 2 2ITT .

REDOERRNILATRERKEEDLATED., 2T t, OEEBARREDTMmL Ut, NT
DR LTERLEh TS, TBRT Y T — X —DERIIT LO=FHRATZ 1T L
E HIAAIEEGRI (L 1) 72 2 Z2 0BRSS TWnh, FiZZ o "R Edo
ZRFRRKEI DS DTHRETDH 2 Z A [F10] TRENTWV S,
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7V v T — R —BRRNIERMANHEREN, ZREIDFEDKL 7Y T — X — Py, 1&
ASTR @ (C-H) MZEED D Z DD, ZEHYL —XHEIZID Oy, DEEBEEERIDTT
& HZEHEY - XEORBEFRIF SN 5,

ASTR, (CIZIER[#aBE DR IE DI A B, Grothendieck-Teichmiiller B ¥ 13 Z D ASTR, D Z &
THY GRT, b HFE»N D, FASTR K I D GRT, BEH L. ZOEHICEDFE e QI
X LT ASTR), IZ1% GRT;-torsor DREEDIA 5 Z & 23 [D] TRENT WS, FFEMICOVWTIE
[F14, FKN] 2 ¥ SR X iz,

1.3. BEEFR. ZEX—ZHOX T LY vy 7GR 7V T — &2 —BFRRNIFMTH
22 HIFEENTVWADT, DMR £ ASTRIZ—EH L TWa ZepifFEhtns, 24
LT RPBH SN TWS,

Theorem 3 (|[F11, EnF]). 7Y T —X—BEH5ASTRIIX 7L vy 7IVES DMR IZH 7
BE L THDIAENS
DMR O ASTR
[F22] T3 7V z—x—HFERE [HS]| O&HBARKSFEHETH 52 Z e nE TV 5,
[HS| TERETRBEBRAEID X7 vy ZABBRRKIED ZEHREINTVELIDTINNHD
Theorem 3 D ERDHE S, —FTHMAZDEDIAA DMR C ASTRIZDWTIEARZH - T
20,

2. MouLDp ¥4 FToER[L
HIEICIAAL 72X 7y vy ZVEEDMR & 7Y ¥ T — X -5 ASTR IZDOWT [FHK]
@ mould & HW/=ER b2 HHT 5,

2.1. Z{E. Moulds (& J. Ecalle (JEc81]) ICX D EHA SN METH 5, A Tld Schneps
(IS15)) TROER TR T 5 Z 2123 %, FIDTHIERT 2 NI [K20| 2 &1 %,

Definition 4. F = ., Fm % BEU%K (IEMERERIE [FOK| 220), T 2HRG5 95, &
PR 1%
M:(M(xl ,,,,, Tm

T1yenns Um))m>0(fzel—‘

%p$+®nmmdtmaottL::fﬂum ----- x)ef tbfmé [-737® moulds

.....

ZORICEET 2 AT Ly € M(F; D) IZULFTHR BN,
L1yeeey Tm PO ]‘ - O )
1/\/I(J-';F) (0'1 ..... crm) T { 0 Eg@ﬁg)
F7zmould M EBTH 2 L B TORDWEHRTH e &, HIb, M (2in) eQTH
2rEDI RV,
Definition 5 ([S12]). JFRIH#ERIFENRE h € Q((fo, fo |0 €T)) D

h = Z: Z: S (n| By [ for e fo S

0 (01,....07)ET" ko,....kr€Ng



L IRE S %, BRI map, (7)€ Fuery = Qllrn, . 2, %

~~~~~

mapy () = D0 (Rl el @b ) )

TE®, mould mar ), € M(Feer;T) (T T T Feer = U,z0 Feerr) &

mar,, = {mar. h( - i:)}r>07(01 ..... o )er”

.....

TIED 5,

A= Ufr =~ Q({fo, f, | 0 € D)) I€BWT, ﬁ@%ﬁ%ﬂé LIZk DiREEND Q-
Bk eo: Ufr — Q 2B, Ufp O QK4 %ﬁU&

U o= {w e Ufr | (eo @ id) o A(w) = 0}
f%@éohwm%ﬁ@ﬁmmib@ﬁﬁwﬁm

mar : Ufr —) ./\/l(]-"se,,F)

DHEE NS (cf. [FHK])o
RIZ Sauzin([Sau]) 12 X W EHA X7z dimoulds DERZHENT 5.

Definition 6. F = Um>0 F, REEUR T, T, #5835, MK
M = (M (xl 7777 Lr; TrtlyeyTrts

. ; 3 Y
01,.-0r;0pr41; ’gr+‘5))T,SZO,O'l,---,UTEF1,O'r+1 Ur+s€F2

-----

% (1, Dy)-FFD dimould ¥\ 5, 7=72LZ fAf@lL@Hlxm)efﬂsthméo vvvvv ~~~~

(T, To)-HFD dimoulds RIEDES My(F: Ty, Ty) 123 U FORERIC & D JEATHR: Q-F o
RIS A 5,

(A X B) (m ..... Tpi Tpglyees l‘r+s)

01,45 Or;Or+41y---s Or+s
T S

- A (TP Trg e @rdy ) B[ Tiglyees@rs TrtjtlsesTrts
: O1y++5035 Op41y-50pr 45 Tit1y307; OpdjidlysOrts | °

i=0 j=0

Z ® dimould DX Ecalle ([Ec03, Ecl1]) 2 & % bimould DR ¥ 1387 2 Z L ICHER
LTEL,

IR ORRIZ moulds D7 ¥ Y AEEREL S Z & T dimould 23E#L %,

g M(F;T1) ®g M(F;Ta) = Mo(F;T,Ty)
’i@(M(X)N) (m ..... Tr; Trtlyeee ZCT+S) — M (m ..... x:) "N (:CT-+1 ..... :(;HS)‘

O1yeeesOr; O g1,y Ords OrdlyeyOrds
2.2. GARI(F)assis- X7V ¥y 7 VEE DMR @ mould iz GARI(F) s4is 12T [S15, SS| 12
HOWTHAT %,

%3 moulds @ shuffle B Z ERTA2-DICLLTNOR ST 2. BE X, 2 X, =
{(g) | U= aixry + -+ apTg, ke N, a; € Z, o€ F} T%@éo Xi e Xy Téﬁ&éhﬁ’.;'aﬁf
HEHEHT /A P35, Ax & Xp B EEICFD Q- EZEME 35, Ax IZIF

aw W by = a(w W bn) + blaw L ),
4



(a,b € Xz, w,n € X3) TEZE % shuffle f&

w:Ax x Ax — Ax
X DAEERI A Q-REXDMHEDN A 20 B w,n, o € X 1IN L TEESh () %

w;n
w L n—a;;iSh( N )a.
TED 5,
Definition 7. F ZBAE, I 25 ¥ 55, shuffle 5%
Sh = Shr : M(F;T) = Mo(F;T,T)

CEFEEMe M(F;T)IZRLT

SO alﬁhtﬁﬁdﬁiumﬁ v
5( ) Z o (a)

acX?
€4z p,q>0,0,€l

TERIND QHIUEHRTDH 5,
ZOBEBIIARBEERETH 5 Z 223 [K21] TRENTWVS

Definition 8. Mould M € M(F;T) 2% symmetral TH 5 &F SAH(M) = M ® M 5D
M@0)=1ThrEenl lZ\I,

F=Fu®EMec M(F;T) % symmetral TH 2 Z & & map' (M) € ﬁf\lj 73 group-like
TH5Z LIEFEMEICA S (cf. [FHK]),

Iz moulds @D stuffle R EZER T 27D NOREZ2H¥FT 5. EEY, 2 Y, =
{(U) |U—CL1£E'1+ -+ apx, k‘GN a; € Z, O'GF} TE@% Y.%Yzfiﬁém
F2IEREHHE A FET5, KZK:=Q(z; |ieN), 37205 Q L= (1 € N) TEK
SRR T 5, Ay 2 YV, THERSNL C-RBET5 (XoT Ay 1Y, ZRAKICED
KARZERITH %), Ay 1135 (7), (Z:) €Yz (v#£V)EwneYIINLT

@O w (7) 0= (w w. (7)n)+(7) (Ow w. )
L) @ wa ) = (7)) (@ )

+ /
vV—

35 TEZE D stuffle 18
Ly @ Agg —>AY

& D IERE A AR Q- B DMEN A 5. Bw,n,ac Y IIHLTSh,(Y") e K %
Wl n= Z Sh*(w;n>a
acY; .

TIED %,



Definition 9. F Z A[fR7ZBEIEIE (cf. [FHK|), T 2882 3 %, stuffle 5
Shy = Shyr : M(F;T) — My(F;T,T)
&M e M(F;T) icxfLT

C M) g (G ) @ i\

Y.
€z p,q=0,04€l

TERING QBB TH L, 2 TM(FT) & M(F D) ZFALEETH20MEH L&
SAFTRL TV, Tl M e M(FT) OB %E M (S1wm) TR M (§h7m) LFLd
Z2ILTW5,

ZOEMRHREBEERRTH 25 Z 228 [K21] TRENTWV D,
Definition 10. Mould M € M(F;T') 7% symmetril TH % &1 Sk, (M) = M @ M D
M@W)=1THHLEDILEE S,

XTIV vy 7VEE DMR @ mould IRZEHT 2 DI T2 EAT 2 (T 2L T 5,
Q-FREYUE AR

swap : M(F;T) — M(F;T)

&M e M(F;T)ITRLT

o1, ..., Om Tm, Tm—1— Tm, --- T — X r1 — T
swap(M)( ! ):j\/‘[(g1 : 1 , T2 -3, T 2)

L1y, -y ITm O my, 01 " Om—1, .., g102, g1

LED D,

Definition 11 (cf. [Ec03]). T'=[1] := {1}(—RESE) D& Z. symmetral TH D DD 57E
B mould C 23HNALTHE C' x swap(M) 23 symmetril 12725 K 5 72 mould M € M(F;[1]) &K
D72 FTEER GARI(F )asis LFLTo FHT M (21) 2MEBIE L 722 X 572 M 237275 GARI(F)asuis
DERDEE%E GARI(F ) senis £ B <o

FEZREERHE Y ZiCE LN TDH 2 D2EI S WA, GARI(F) s EHEEEZE L. 51
GARI(F ) assis WHHEZ L TW2 X5 TH 2 (cf. [Ec03, Ecll]),

Theorem 12 ([S15]). F = Feer, ' = [1] D & = Definition 5 DE map 1IZ X D 2HEf
DMR - exp Qf1 =~ GARI(F)asxis
DEHN D, T ZNDHIRIC X D 2HS DMR, - exp Qfi ~ GARI(F )0 DHFHAD,
b D 5EBAS GARI(F) sosis 25 DMR @ mould BRCH 3 £\ 5 FiLTH 2.,

1
o1

2.3. GARI(F)asibal- [FHKIZBWTEA L7 Y T —2—HEE ASTR ® mould it GARI(F) 64 pal
DIER L HI/NEID GARI(F)snis £ DEIRICOWTHIAT %,
€1, ..., € XY RERE L L TRD AR FREL

[d St
I (u17, e Ud) = / S1 S1 A A Sq Sd c (C[[uh o ’Ud”
0

<sp<-<sg<l €1 7 51 €d — Sd
6




BEZD, THUIZERY 0 7R

k1 kq

. 2 : A1 TRy
Llnl ,,,,, ng (zb cey Zd) = knl knd
e ky

O<k1<<kq

ZHWT
Z . € eq 1
I (ZL1177 ~~~~~~~~ ;fzd) = le ,,,,, nd(_27 cee — _>

e’ €1 €a
T ug A ug)™ T (g e ) e

EHFEETRIND, O=0(D?) %2 KthM#ED? = {(z,y) € C*: |z|* + |y|* < 1} LOHEZ=R
fRITEEB O T CREE T2, [1]={1}, 2] ={1,2} ¥ F 2, d=>0,0,...,04 € [2]1H
LT

tBZeT

..........

Zagmy7z (Zi:;gj) = (_1)dl <€(U1)‘717W€71(L;d)_1) ’

.....

..........

HFECEFT
Zag®, Zag’ € M(oFser; [1]), Zag®™?® Zag™¥ € M(oFser;[2]).

LT ILICT D0 TIToFewr = ORgFeer EL TS, TNHDT VY IIERE DT 2T
£ D ‘dimoulds’

Zag” ® Zag™", Zag¥ ® Zag™" € Ms(oFsr; [1], [2])
PHEE 2, [FHK]| TR
(ido ® bal)(Zag? ® Zag™*) = Zag® ® Zag™"¥
7% (T—RITEE %) QB LNEER
bal : My (Feer; [1], [2]) = Ma(Feer; [1], 2])
DR SN T W5,
Definition 13 (|[FHK]). Symmetral T® D 222 ® % EX mould C € M(F;[2]) SEALT
bal(Mp) ® Mjg)) = Mpj @ (Mg x C)

¥ 723 mould M € M(F;[1]) 2IRD 2T EE% GARI(F )asrba LT FHT M (21) HIEEIRL
7% M D723 GARI(F)ssipal DIFAEE % GARI(F)asibal £ B <o

GARI(F ) assbal DIEHEEZH L E HIZ GARI(F) assval WCHHEHZ S 2008 5 3o TR,
Theorem 14 (|[FHK]). F = Fir, [ = [1] D & = Definition 5 DEB map IZ K D 2 HG}

ASTR - exp Qf; ~ GARI(F)asibal
BEOND, £l ZHDOHIRIC X D 2HE GRT, - expQf ~ GARI(F)asiba DIFHN 5,
7




O FIEDS GARI(F)aes b 75 ASTR @ mould BiTH 3 &\ 5 FiLITH 5.
Theorem 15 (|[FHK]). X TNOHEHDABLDBIFIET S ©
GARI(F)asibal = GARI(F) asuis

FIZF = F DX, ZOHEDIAAIL Theorem 3 DD IAA L BEAFE mar Z /1 LTIV LT
W5

~

ASTR - expQf;

GARI (f)as+bal

mar

~

DMR - exp Qf;
Siabb, EONKIIAHRTDH 2,

ZOEHOIEHT AR ZERY o ZEBOBEEFRNE T\ Mk [F11] 2 3@ L
TW5,

2.4. ASTRE DMR2I—H L TW5 Z e BHIfFEINT VWD il L7zh, — D FIizn LT
B GARI(F)asbal DI E GARI(F)asnis ER1ED —HL T2 EIRFTRNE LD S S b,

[Ec03] TUE GARI(F)asras £V I B 9 724UKX GARI(F ) sonis DR S TEUTTRR, 23EA X T
W5, ZHUd Goncharov (|G]) D ZHEA Y — (R) FREDIHEIZEED o TV 5 (of. [FK], [KF]).
Z D GARI(F)assis £ GARI(F) ssvas Z IEIZELF 5 "dimorphic transport" DHEHH [Ec03], [Ecll,
§4.7] T XN TV D, GARI(F)erpal I LT FBRZBERDEATE 20755 5 2, 5
FIDSEWT K 23 HH SR,

2.5. Ecalle KO—#H DGR (|Ec81]-[Ec20]) 32" FEE"TELNTE D, ZOFEIEN
L2FTCIENRZYDOFHNEETZ, ZOMRIICEOLIT 7 LAF—KIEEEZLTLES D
LAV, REZEPFITHIEG>TW 8, ZOEEIFI - b b LiFshTEh
72ONAMRDONL D TH b 50 EN5, FERD 10FE, 20 FFDORLTH T AT 7
A (B 213 [Ec03, §15] D Zag D=7&]) BEFH L <. #@XDEH L Ro TRV, FAFE
HERDMEDP D Ui T2 TR W, B ORI RATOWERWE ZAITHELH
LWEEEDNIR > TWZ S ICE A FENEE T THR S,

BEE KB BEEGH 2 DD 2023 ICTHETHEOEE 2RI L T A VWE LEHEAE
PR O T HHERE RICEFN W2 U F 3, AR JSPS BHfFE JP18H01110, JP20H00115,
JP21H00969, JP21H04430 DB EZ T TH D 7,

GARI(F) asuis

mar
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