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Lemma 2.7; Proposition 2.8 - pp. 14-16
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BEFEEBLCIE, BIRMIEDIEZEM DY End(sly) 29k 5, =HEHL T O RIHIH & NakayamaD i & |
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5
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a;1a;1051 € (v), pi(Y; )pi(Y; )pr(Yy, ) € (v).
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5 Y =Y+ Bv ZHIRLT U(a,Y) =0 2HHICT 2, ARERILO TGZEE & 52D REORIC X
D W7D ZRFTIE DGRBS HES,

[DSGJ-v3, Theorem 3.6, p. 7]

Lemma 5.3; Theorem 5.8 - pp. 33-38

BT vy vb, MIEGER, FEzZ R BZEEITIIADWItZ — 2> DERER Z-RBIND ., +47
REVEE A > 2 DHREANRIRL T 2, WIEGERIZERI 2RI IBLT 2 680570, FRLT %
DIIBUED T =2 TH D, b EDEHREMITZDHDTIRZA,

Corollary 5.10 - p. 38
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F(C) =%(0,C) &£ L. T =k[[C]]/(Ch), WAL §=dFA 2% 2%, WA 5 71k
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d—2>3 o L 72 1IE[IHT% b Dtensor 2 # X%,

= dsquare-zeros$ 7 A — ¥ ZH A L7z B = k[sy, 82, 83]/(s2, 83, 82) 1T, Z DtensorZkcycle K, 1<
i LiF. #< 77 7 dnormal cycle o, %[ U HEEFrobeniusii T 2, AT s;5; & 515283 bR
Fi9 2, a =KD 6, w= 518283 I LT §gn, = way & 7% %ambient primitive’F o505, —
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B dsquarefree FIHAILIR I K T 2, IR AERFEHEZ R L, BEAONRBWAT LA
TTCEEMZES,

Theorem 6.1; §§6.3-6.6; §7 - pp. 39-47
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AEBXSR © Corollary 1.2 - p. 4
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[PRT25, §1.1, p. 4]

2 RBELIBNETY

m1(M) good
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[PRT25, Theorem A, p. 3]
Theorem 1.1 *p. 3
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L7ch' > T F; |& nongoode TNZEFLEEH ERDELRIH T nongoods
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[PRT25, Theorem A, p. 3]
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[PRT25, §1.1, p. 4]
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[KPT21, §3, 55/ pp. 7-8 / PDF pp. 8-9]

2 MIREAHNRET B
BEAEBDOFIRD R VEIRIEAHDLILT B

1AL L 7cFtR - SOERE ISV ERREZ BT
Theorem 1.1 p. 3

3 HIREETFETS

Theorem 1.1 DIERHNFTEIND 7=, [EIRFBILIZAETEE,
EBEBDFERDEINTERE G ZDNIRDHE L,

DO DEFIRERD S ARIBAHANDIFE

MzIKR /S TeXv—2 |

1. [FIREREOE 2 & SERIER D PIAHELA A~

J5fE1ZRound handle problem )@ % f#ivs, oD FIRD FIRFERAZ 2> & FEARRED HIFR D 72 FIHHA
H7%z21+%, Theorem 1.1DHRALEDZ OB - BEARIE 272§ 720, E51E L 2 AREIH OGS
N5, Fy ®nongoodness7ZII CZDEREZMNH LT,

[KPT21, §3, 5 pp. 7-8 / PDF pp. 8-9]

5. EDifi X, EDBLEZ ) 5>

FREAD YN « 2T - IEEEEPIE IZARAOHESHTH Y . WL A% v 7 DOmarked tensor)5ifEPDAJ5
fez AN E LCRIHT 28 Tid 2w, FHEAOHLZ, Corollary 1.27Cffi 9 good-group FIHRHLA

ASEH, Corollary 1.37Cffi § surgeryd)i#. Lemma 5.3 Cffi 9 5efiifl & #%symbolic powerH|5E
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Lemma 5.3; Theorem 5.8 - pp. 33-38

6. )2 Hide AL & 2P

« Lemmas 2.4-2.5; Corollary 2.6 - pp. 12-14 — A DOREER 7 X)L & framing % il § %
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2 ZOMIER L active i

A, B, Y17...,Y2m7 m>5
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2. BRAA TP NZME LTINS 7 7 Z2HiIEd 5

%Kil Dbased#fii A 7 4 A1, central potential f; &square-zeroBifiiZ 7y f; + tibzform NBhb, %
DWfJacobian ideallffiRidealZ Db DTH 5, THFKDEKAEY AL rp & Ip= (rp) (P=A,B) %
FE$ 5 &, Stokes & XD

Sp(Hp) € I3, (0nSp)(Hp) = Mprp

5.2, Mp I3HIGE % 2 ASminorz b2, Ip OfFEIC X 2L CEZBEEICHFIC L, AR L

marking% ff£>, 2 & iZTheorem 5.17% 3 L Ccentral potential Z f%fl L. 5t Zrecenter L CA»

5 K = C((0)) ~¥3,

Lemmas 6.3-6.4 - pp. 41-43

3. JEWGIRE LD =KW 2 i 7 — 7 NI

IO DBEFETHIA End(sly ® K) 23R 5 72 MZIEE S #17Brunnian laws D =X %> 5 R TD
7z Bactive =DM DR Z LD ¥ %, ESXRIAIZ SR = Kideal D iz Kidealfi5ic A b . NakayamalZ X
D, AMTIE ¢ttt € Tgo BHITIR=2D¥7% 3 Dholonomyf7AZDHEAS Ip ICA%,

holonomy logarithm H &% fAE% & FEES, &M 2 1750lift G; Zfi->T
bi = —€; tr(T; (G — 1) — 2(G; — 1)?))

NEEEZ D, BHEEO SKUETH Y Gi(Ha) — 1€ (Lats) & ] =012k D Birefii
72« AR EZ G TE 5, 4parameter ideal D% —E$OMP T HRAIETE Y 7 7 %2 0ET
o (t1y..,tm)? =0 LI1FE T EAsquarefree IHA %7 $, 9 L CProposition 6.11&Theorem
31D ERTT L, FIEL»SIEE L 72 E OFKEED R T 2w L %2195,

Proposition 6.1 - p. 37; Lemmas 6.5-6.7; Corollary 6.8 - pp. 44-47

3. Theorem 5.1 ®DFE — critical scheme®markingZ% £ >{UK

ft

AR @ Theorem 5.1 - p. 30
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Theorem 5.1 — Algebraic edge potential with markings

Y Zifl b — 7 AR 2 0 a8y MEEAEN S 25 ZRIUE kA L L, based BEEEM A
a,B 1 HY(Y) — HY(8Y) D&’ o ICfiz bt BIcFE L %2 & 9 I3#ES, Proposition 4.50
central potential f & Bk C ¥ L. N = dim(H(C) ® sls). R = C[[h1,...,hn]]-

J =Jac(f) LS, W RERLN £ = ¢(h) & RBINFERE F € (z)° BFEELT
f=Fo¢ L2, FELEEDHRMDbased loopsdholonomy 757 %, = FEEEDREL
WEREZ Spf(R/J) Nl ERL7bD E LTEE S, ZDmarking® [[A—#UIIERHIK T b &
treritical scheme AT D 25, & <12 B-holonomyZ £/,

Theorem 5.1 - p. 30

1 KERFRZHORE

Z =Y Ug: (punctured solid torus), 0Z = S?
X = Locgr, (Z)F

transgression * ABX7 orientation * Lagrangian X * £/J\ chart
[PTVV13, Theorem 2.5; Corollary 2.6(4), pp. 33, 37]

[Cal, Definition 2.6; Claim 2.7; Theorem 2.9, pp. 11-12]
[PTVV13, Theorem 2.9, p. 39]
[BBJ, Example 5.15; Theorem 5.18(i), pp. 34, 36]

2 X Darboux chart
X : (—1)-shifted, Fe(x)
based holonomy M1TFIR5T & critical quotient DS RERIIC lift TE 3,

2B/ pairing 721 TH K 2 relative trace ZIER
Proposition 5.2; Lemma 5.3; Appendix A “pp. 32, 35, 48-52

3 £ closed-form class & L8

fl=Fox, J=Jac(f), f —feJ?
HEXTFESD D homotopy HEEE L. completed Cartan 5TBEZ[F S,

J IZ1B%H D vector field DR, flow % {FS
Lemma 5.4; proof of Theorem 5.1 :pp. 35-36

4 marking ZEE L TREZR<

® =id (mod J), (f+e)o®=f, f=Fod
£ critical scheme £ T holonomy Z1RFY %,

shifted symplectic chart& Chern-SimonsiiT > ¥ v LD L&

Kz S TeXy—2A |
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1. punctured filling%» & U critical chartZz#35

a Zmeridian & LT, BAERZ R\ 7zsolid torus% Y 128, 8Z = 82 L ¥ %, BG Dtrace pairing®
2-shifted form% Bk[fij~transgress L CO0-shifted form% 5%, fHxforientation & Poincaré-Lefschetzi{
I & D Locg(Z) — Locg(S?) I3Lagrangian & 7 %, based sphereffll®Lagrangian & O
1% Locg(2)% iz (—1)-shifted form% 5.2 %, HRCWH - perfect coefficient kDB - HRER &
9 SE S % §5.1 TfER L . Darbouxi@Hl o i/hcharth & F € (z)® 2f%2, EH|Zbased
holonomyli # dcritical quotient?» 5 i & 2> 7z chart\lift ¢ & %,

[PTVV13, Theorem 2.5; Corollary 2.6(4), pp. 33, 37]
[Cal, Definition 2.6; Claim 2.7; Theorem 2.9, pp. 11-12]
[PTVV13, Theorem 2.9, p. 39]

[BBJ, Example 5.15; Theorem 5.18(i), pp. 34, 36]

2. full relative closed form7% g U< M4 %245

critical scheme® [AIH 222 ftipairingd —# 72 ¢Tlxk, G Ao/ f L o—Fl3H% v, Proposition
5.2k Appendix A%, formal group nervedtrace cocycle 1k (da,da) %EHRFAEL - source
restriction « WS £ TE N, 4xclosed-form class & B # disotropic homotopy # Hiil 2 .
GetzlerDji i Onilpotent i % Z D F F EH R AGEAE 27T, Appendix Al Z DILER % BN HERL T
%o

Z DOfEF. ¥ L 7-Darboux potential f/ £ f ®Hamiltonian formsiZfull closed forms& LCTHE b
¥y 7127 %, completed CartanglH T3 j MDY J7 ICAD . FIRDKEDMERIC 1282 72
O, ERETFRLLT f— f e J2 DMEH.

[Getzler09, Theorem 5.4, 55MH p. 295 / PDF p. 27]

[GetzlerQ9, Corollary 5.11, 5@ p. 299 / PDF p. 31]

Proposition 5.2; Lemma 5.3; Appendix A - pp. 32, 35, 48-52

3. critical quotient T ZflowZ fifi 5

e=f'—feJ?%e=>Yv0;f. v;eJ t#H, fe(h)? %5DTVe=DVf O D lxfkKidealic
AY. fi = f+te ikt d Bvector field Xy = —(1 + tD)Tv o flown it %24, R0 J 1<
B % 7dflowld R/J ETESETSH D, JalcA—FlL Zzholonomy markingd 2 2 s\, Z1H3B%K
D—3 L 4xcritical scheme @O markingf# % FIRFICE 2 5,

Lemma 5.4; proof of Theorem 5.1 - pp. 35-36
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4. Theorem 3.1 Dkl — ffiFiD =~ XH|D 5 fRtensorfEE

AFX SR : Theorem 3.1 - p. 16

Theorem 3.1 — Finite tensor obstruction

K #B8HEDOW, h= (hy,...,h,) Z8XIC N OERDblock, I C {1,...,n} % |I|=m>5
Dactivefity & 5, Hblock7z 1 IT&AF T 2 RENWFAREL Fi(h;) 1 <i<n). bi(h;) G €l
&

T=Kt;:iel)/(t?:i€1), So=> Fi, Si=So+) tib;

icl

52D, D a B, y B N —a iDL 5, Hp € (z,t)T[[z]]N. Hr € (v)K[[y]]N 7.
IR BEEAR O BT - MIHEYE. Sy (HL) = So(HR) = 0. BEX WO TRTOEA 2 4,j,kc T D
T

titjte € ((On,St)(HL))vs  (bibjbr)(HR) € ((0n,S0)(HR))v

27z 3§ kv, foridihparameter Z [ElE LA K D ETICfTV, idealldradical 2 HU S
WO gradient ideal T %,

Theorem 3.1 - p. 16
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1 SRELIARBNEREEI ST

Si =3 Fi+ Xiertibi, =0, |I|>5
Si(Hp) = So(Hg) =0, ToHp ®ToHg = KN

RERAEHE Artin AL, BREBIRD SEHIL
[Artin69, Theorem 1.10, 55 p. 26 / PDF p. 5]

Lemma 3.2; Remark 3.3 -pp. 17-18

2 BB Frobenius {#E{EDIEE pairing
Q=0 /cr, D=dSn, [U AV #0

target =RBI L kernel ZfRD chain projection
Lemmas 3.7-3.8 - pp. 21-22

3 =2 EDiEL7T: active EF

V' e ®, Hi, Bjv; = 6;v; = 0 in at least m — 2 > 3 slots
fU()/\VIZon/\V

source = XRAIMDE boundary & lift %Z[E LK T pairing
§3.4; proof of Theorem 3.1 *pp. 22-23

4 3% tensor O pairing H'E
(D; + tidbi/\)(ai +tyw;) =0
£ tensor ICDWTHNR % L IEFE pairing ICF /&

BT S 7 DIESpairing & =parameter liftOFE

MZzfR /S TeXy—2 |

L. A& DSR2 208 - Rk 9 %

F;,b; ZEE L, 77 7 L ideal g % 7~ 3 1% 4% squarefree parameterdL€ TR T %, Artinidt
Wzt 2 DHFRGIEAR~NEN L, —Kjetz/Fid 5, KAZ 7 782 T %A Pnested
approximationlZ3 A ETdh 5, HIRDétalen Liiiie — D> DARERBEEAET L, KE 2RI
~KHRIET 5. K = C((0)) DE%a b ARERICH 28502 — it & LT, Laurentifk 2 I
[N ST DR AT

[Artin69, Theorem 1.10, 55& p. 26 / PDF p. 5]

Lemma 3.2; Remark 3.3 - pp. 17-18
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2. “Bt¥idhomology T=o Dl L -1 2145

B p > 2 T Q, % HFrobeniusi k[2]/(20) LOBMEAL L. D =dSoA 252 %, BT 2~
2?77 7 Onormal cycles Uy, V 133 pairingZ &>, blocksyiic X h H(Qp, D) = Q, H; &7
i L. Sl OISR T 28 % 0 by DIIEZ B £ 5,

o =X H2> & [V] %, activelllFD 9 b4 D &RV T ker B; ICA btensordfIThH %, § 1ZBY
$ %chain projectionZ i &, pairingZZ 2 31cA %< b m —2 > 3 AT  ker B; Nker§; IZA
Stensord GR35, REWIHEAZ Db DD d-closed: % )KE L T2,

Lemmas 3.7-3.8 - pp. 21-22

3. #tensor% —parameterTHi b LUF, EHpairingzHI1cT 5

% tensorf&ic LT, k[ti,tj,tk]/(tf,ti,tz) FEoEBDcyclez G5, fﬁﬂ IFIRA IE?%)/\iaVL%
Al = RN F Uk D F2BE Oboundary identityZ 5.2, pairingd % & ¢;t;4,P(t) =0 L% 5,
squarefreelJiK2> 5 P(0) = 0. tensorZ & IT# L 7z =Dl ZiEA TR T &, JuDIEFpairings5s & 7
DFIET %, FEVHZRERAIL £ homology D & lEffid 72\,

§3.4; proof of Theorem 3.1 - pp. 22-23

5. EDiii X, EDBEZH ) H>

PTVV®dtransgression « Lagrangian intersection, Calaque®relative orientation, BBJ®Darboux
chartizTheorem 5.1 DK E TV DEFGICiDIN S, ZDETIVEARFD R T v > v)b z i stull
relative traceltifig, —FeJacobianiizZ, marking# [#%E 7 % flow I AFEAMH 9, Artindi 2l 2 o fREK
b & TERAHIE % #& Z 72 #% D Theorem 3.1Cfl 9,

6 U A % v 7 ®boundary-only 5 i 1& H Jiframing b 8 %E L 72 W FUYR D IEFRIE 2 0B %, ARGk
FEREGR L FEframingZ f57E L 2 EIOBETH ), HNFE FE-HIIPR Y AEETHD,
fRDRAEE - RE(LIZE LR D, 2 2T A2 A DIEHAT &b v, AfElZordinary/simple
surgery = fL. X jis-cobordism D[ Il 5 5] % g 4k LTV 2o,

Remark 7.1 - p. 48

. ’E,\ U]\D é’.ﬁﬁmnﬁﬁlﬁl

« Lemma 2.4 - pp. 11-13 — /NBTOHER 7 X)L L framing % Gt s

« Theorem 5.1 - p. 30 — fREULD F Ik & PRFF T 2 marking % ffERE 3
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 Proposition 5.2; Lemma 5.3; Appendix A - pp. 32, 35, 48-52 — full relative closed-formft;
B DI %2 38 9

« Proposition 6.1 - p. 37; Lemmas 6.5-6.7; Corollary 6.8 - pp. 44-47 — —- O D IE N T= KT
%A 2 & pT 2 s e

« Theorem 3.1 - p. 16 — REFEED T X TOIRE ZHERT 5

« Remark 7.1 - p. 48 — HJIZERE S 551 & surgery ~ D F5R D #iH 2 2 3 %

TEH, §20framing & BT~V - GIWT, §3D3EEL & “Bt#homology - lift, §§4-504:gradient
ideal & fA#{t.. Appendix Adrelative traceltt, §6DFEAEMIE & = XHI, §7TDfEmzEHA K, IHE
DPTVV (FZf) EarXiv v4) - Calaque - BBJ, Artin®Theorem 1.10, Getzlerd>Theorem 5.4
Corollary 5.1 11&70ib & @AM %2 A L7, Dupontd Jf 815 X NGetzlerdfthod A S &1 134 [ FFHE
A LTy, 4cochain transfer, E R ORFF 5. JAATplumbing#{E % N7 ICHMGEEL 72 b DT
37 <L AHERRER DRE R & MR TH 2,
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A PD4 group without an aspherical
manifold model

PR S T OEE 2, S & LR R DIRIFR X TS MiA D IEFEHE A~
X

AL, ARZARITIIEZERM 2 F5o 18 & A1) AR 2 R EPoincaré XONHEZ Rk L. Z OfEZ A

# & 3 2 FHaspherical (i HAS MRIA D ELE L R\ E FIRT 2, H¥FESAIZ, BREO 77 725 FE—H

IZFiDPoincaré X ¢H O, Z OB GG 2 T 2 SRRE TS A ABETH 2 L v ) HXEE TH
% o

EfEDEZE: OpenAl - September 24, 2026 - 32 X—Y (BEXHMESD)

GitHub Tl Z & s /7

1. FEHDR

Theorem 1.1 — f3RR5PEAZ2E M %2 £ O PDARED L BRI IETBINE

HIRFTREE G £ AR - ST S - 4XotDaspherical Poincaré#ifk Q HTHE L
mQ =G BV

HY(G;ZG)=0 (i#4), H*G;ZG)~Z

Zihi7c 9, mBEOHADE G EHIZHHTH S, Lo L., HEARDL G TH % FHasphericalfizii4
SIRIRIIFAE L 72\, FrIC, HHZE ZG INEE Z (A RARE BB X 2 5RO # % Ko,

Theorem 1.1 - pp. 1-2

ZHUFARTLICB I BHEEERTH D . HIOLTHAIZ 5.2 5 FIRTIR AV, BRFoMSHE . D
TICER g HsE Lo MERHIH %2 X B3 2,
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BIDRANAT L 751/

W55 D 2 BB - i - i - KBS IEARERE A PD4 group without an aspherical manifold model 2% L £ 3, JHEA
IR DM 2 v F 7,

+ OpenAl26b OpenAl — A marked tensor obstruction to four-dimensional disk embedding : 5k & %Ak
% - potential DIEAL, - A RtensorfiisE, September 24, 2026,

» KL.22 Daniel Kasprowski and Markus Land — Topological 4-manifolds with 4-dimensional fundamental

group : normal invariant® & # & s-cobordism, arXiv:2007.03399v3,

» PRT25 Mark Powell, Arunima Ray, and Peter Teichner — The 4-dimensional disc embedding theorem and
dual spheres : null-loopZ&f}: % 1572 D tower & BRI, Selecta Mathematica 31 (2025), article 80;
published PDF,

« FQ13 Michael H. Freedman and Frank Quinn — Topology of 4-manifolds : /N & \>capped gropes® B4y

#ft, January 2013 reformatted, unrevised edition,

+ Qui83 Frank Quinn — The stable topology of 4-manifolds : #HRZER ; JFHASCRIEA, Topology and
its Applications 15 (1983), 71-77; full text not acquired,

FHI KR E S EX—C 2 L £ ¥, GtHi#E S L PDFNOALED R4 254131752753 L £7, GitHuboR%E Y 7T
BR=VE~DOHBBHZHHE L L A,

2. Theorem 1.1 DFEH — HBG & AL A D & DiikiaG
GEFHA S - Theorem 1.1 - pp. 1-2

AW DT, kS S chamberz K LT Q ~ BG 215, IRICHIRIAE M 23F 6T 5 &, &
L 7o 2ithoxt 2 PR%F 2 Z0ERD & . A BRME O chamber D BRIIRTE 2 R T Z %, 77 myiillfHl & BRI T
BZOHHFER Y —2RE, FILSN TR 3ERAEZ2 525,
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F£C, B2 BRI % Al k> 2L, gV =S, mV = H. V W<, BRE%S 0
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A(fiy95) = 6iz, AMging;) =0

tube side @ homotopy pushout ¥ XXX DEHE
[OpenAl26b, Lemmas 2.3-2.4, pp. 9-12]
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trhomotopy pushout®RIEIC & . —>D F; T &I HlAEIT ME & 2BRim28 235 2, SO ERIA
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0y —%HE L, BRI L DStokesitHE & based holonomy Dl E 2 fEFE 2, Z OEMERPED
companionD i & 2> Zvertexit B %2 (LR O MVAHFEEA~KE T,

§2.4;Lemma 2.4 - pp. 8-10

3. iR milpotent’H & Eidgradient ideal > ¥ )F % H 9

HET m > 5. p>9 Zi%3, parity coverdMayer-Vietorisit5in> 5, degree 20 7 il PREE 13 [F] 74
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m > 5 AKdDactive edgesz 4%, A EHiF LRI 2 v, companion® Vertex data% M L

T=Klt;:icI]/ =Y F;, S =5+ tb;

el

LAHA R 2 RO 7 7 Hp, Hg %135, Wil Sy(Hr) = So(Hg) =0 &. TRTD
HI# 72 Z active triplesiZ DT

titjte € ((On,S1)(HL)),, (bibjbr) (HR) € ((0n,S0)(HR)) -

K 380Dk (C((0)) &ls) TH Y., & Fi(h;),b;i(h;) 1334 i Z & DYl % DFEREDblockIC 72 1F &
735, ZOTMEINRENM:., HAsquare-freeli % 5% L 7z T radical Tl 7 \>gradient ideal ~Dff
J&7%3, Finite tensor obstructionDREZ Db DTH 2, L7 >T, ZDOT—FIFHEL L,
markediw XD TEMH 2 EHEG I L CRHZ PRI 2 D T3 % <, Z DHEIL - potential - fREUL -
tensor @Bl 2 LY i L CEMH § 5,

[OpenAl26b, Proposition 6.1, p. 37]

[OpenAl26b, Theorem 3.1, p. 16]
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ZEHARISR © Proposition 5.5 - pp. 29-30

305 /03 33


https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-PD4-group-without-an-aspherical-manifold-model-September-24-2026/paper.pdf
https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-marked-tensor-obstruction-to-four-dimensional-disk-embedding-September-24-2026/paper.pdf
https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-marked-tensor-obstruction-to-four-dimensional-disk-embedding-September-24-2026/paper.pdf
https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-PD4-group-without-an-aspherical-manifold-model-September-24-2026/paper.pdf

OpenAl Math Digest - 305

Proposition 5.5 — 5% % WrFi O by 2

§5 TR I NIz a vy VMR Z = Zpp 13, 0Z = S. mZ = H %iifit- L. HiEHE OB
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ZO ZICHBFMizEL T, R S, EAR H, Witk hEgE 2 fioa 087 P E g6
WHA%REE V 2145, 2 08RG S — BH \ZtoH.Lchamberd Bk <d %,

Proposition 5.5 - pp. 29-30

1 SMAIICTR 3 BT E

0Z =5, mZ=H, HyZ)= B pe o)< RIS E W FE
FRIODDIERIZHZ REF ; MO REOD —IFER S

TTDRDIZE E chamber ROBRZIXFAEZXAH LS
§5.1, Equation (20) - pp. 21-23

Lemma 5.2 -pp. 23-26

2 EfFOEGHEE—RICIZS

geometric duals. =& 8 M Whitney gropes. {#®&& L 7= Clifford 3%
AR template IC& D R IZIRIL 7R EBBE bound

=D radial directions &« FOLERFADEHRDEE
Lemmas 5.3-5.4 - pp. 26-28

[FQ13, Lemma 2.10.1; §2.10.2, Z5M@ pp. 39-40 / PDF pp. 53-54]
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BIRED collection ZBEL . Z DITEEMAT upper components % 3B
2H BRI EIHE patch ICA D = cap loops & null

goodness A D null-loop AJINERE ; LB OBRHIEHIZFRE
[PRT25, Lemma 4.2, proof, pp. 17-18]

Proposition 5.5 - pp. 29-30
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305 /03 34


https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-PD4-group-without-an-aspherical-manifold-model-September-24-2026/paper.pdf
https://masataka123.github.io/OpenAI-Math-Digest/diagrams/catalog-305/pd4-no-aspherical-model/removal.ja.svg
https://masataka123.github.io/OpenAI-Math-Digest/diagrams/catalog-305/pd4-no-aspherical-model/removal.ja.tex
https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-PD4-group-without-an-aspherical-manifold-model-September-24-2026/paper.pdf
https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-PD4-group-without-an-aspherical-manifold-model-September-24-2026/paper.pdf
https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-PD4-group-without-an-aspherical-manifold-model-September-24-2026/paper.pdf
https://archive.mpim-bonn.mpg.de/id/eprint/4789/2/FreedmanQuinn-TopologyOf4Manifolds-Reformatted2013.pdf#page=53
https://www.maths.gla.ac.uk/~mpowell/s00029-025-01069-y.pdf#page=17
https://github.com/openai/math/blob/1581d4cbdd69a0faf34b2089614fe2a814316a6a/preprints/A-PD4-group-without-an-aspherical-manifold-model-September-24-2026/paper.pdf

OpenAl Math Digest - 305
§5.1, Equation (20) - pp. 21-23
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Btz R CHNZICHIZ %, Davis complex?®iz /5 Cld A LD E A Dradial directions?3—fRIC/NE £ 7
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Lemma 5.2 - pp. 23-26
[FQ13, Lemma 2.10.1; §2.10.2, 5@ pp. 39-40 / PDF pp. 53-54]
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