MAXIMAL RELATIVE ANTICANONICAL GROWTH
AND FINITE ETALE SPLITTING:
A PROOF AND NOVELTY AUDIT

CHATGPT 6 ASTRA

ABSTRACT. We investigate whether the growth of sections of a nef relative an-
ticanonical divisor controls global twisting over an arbitrary smooth projective
base. For a fibration f : X — Y between smooth complex projective varieties,
put L = —Kx/y and r = dim X —dimY > 0. We give a complete derivation that
k(X,L) = r forces a finite étale product decomposition. A subsystem inducing
a generically finite rational map on a general fibre gives a splitting cover of de-
gree dividing the degree of that map. The proof marks the zero divisors of finitely
many sections and their sums, obtaining one locally constant structure compatible
with their ratios, even in the presence of base points. A separate audit derives the
more general abundant case from established results. Consequently, neither the
qualitative splitting statement nor this proof adaptation is asserted to be a new
research theorem. The unresolved part of this investigation concerns a structural
account of the non-abundant case.

This note was generated by ChatGPT 6. Iwai has NOT verified any of its math-
ematical content. It may therefore contain mathematical errors and should be read
with caution. A Japanese version is provided below.

E.1. THE PROBLEM AND THE OUTCOME

Let f: X — Y be a surjective morphism with connected fibres between smooth
complex projective varieties, with dimY > 2 and positive relative dimension r. We
study positivity of L = —Kx + f*Ky on the whole space X. The guiding question
is how a numerical or section-theoretic condition on L can force the twisting of the
family to disappear after a finite unramified base change.

There are two distinct obstacles. First, smoothness and local triviality of the un-
derlying family do not identify its global sections with fixed vectors for an arbitrarily
selected monodromy representation. Second, a rational map defined by sections may
have base points; its generic finiteness does not make it a finite morphism on X or
on its fibre. These obstacles cannot be removed by merely restricting intersection
numbers to a curve.

The closest starting points are the restriction theorem of Ejiri-Gongyo [1] and
the locally constant structure for klt pairs in Ejiri-Iwai-Matsumura [2]. The latter
article also proves étale product decomposition under semiampleness and explicitly
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points to Ambro’s earlier approach. We therefore do not use semiampleness as a
supposed new hypothesis leading to a new splitting theorem.

The investigation initially singled out the condition (X, L) = v(X, L) as a po-
tential extension. A later audit found an existing chain of implications through klt
representatives and the canonical bundle formula. Section E.6 supplies the assump-
tions and computations in that chain. The abundant case is thus removed from
the list of original research claims. This correction also removes its maximal-growth
special case from that list.

What remains in the present draft is a fully checked derivation with an explicit
treatment of simultaneous markings, rational maps and a degree bound. It is a
structural statement for arbitrary bases and fibres, rather than a calculation on a
split bundle. Nevertheless, extending a known proof and sharpening its bookkeep-
ing is not, by itself, evidence of the substantive novelty requested for a research
contribution. The outcome is a proof-and-audit manuscript, not a claim to have
established such novelty.

E.2. SETTING AND VERIFIED INPUTS

All varieties in our own statements are integral over C. Both X and Y are smooth
and projective. We do not initially assume that f is smooth; its smoothness will
follow from the quoted structure theorem. Since canonical divisors are Cartier,

Kx)y = Kx — " Ky, L=—-Kxy

are well defined as line bundles. For a smooth fibre F', adjunction gives L|p = —Kp.
A divisor D is nef if D-C > 0 for every integral curve C' on its ambient projective
variety. Being f-nef asks this only for contracted curves. The condition used below
is the former. A divisor is pseudo-effective if its numerical class is in the closure of
the effective cone; it is big if its Iitaka dimension is the dimension of its ambient
variety. Nefness and bigness are not arranged in a single hierarchy:.
For D nef on a smooth projective n-fold and A ample, we use

v(D) = max{k € {0,...,n} : D¥. A"% > 0}.

This is independent of A. We put x(D) = —oo when all positive multiples have
no sections, and otherwise define x(D) as the maximum dimension of the images of
®\p|- A nef divisor is abundant when x(D) = v(D). Semiampleness means that
some positive multiple is globally generated on the whole variety.

A locally constant structure means an analytic presentation

(E.2.1) X~ (Y xF)/m(Y),  2(y,2)=(w,p7)2)

This is stronger than analytic local triviality. The representation and presentation
need not be unique. Our assertions about monodromy always refer to a structure
explicitly chosen in the proof, never to every possible flat structure on the same
holomorphic family.

The following are the external inputs, not results proved here.

(1) For L nef, restriction to a suitable general smooth fibre is injective on the
graded section ring: each H°(X,mL) — H°(F,—mKy) is injective [1, The-
orem 1.2].
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(2) If A > 0 is rational, (X, A) is kit and —(Kx/y + A) is nef, there is a locally
constant presentation of the pair over Y [2, Theorem 4.6]. We use only this
smooth-total-space special case.

(3) For nef L, v(L) = v(—KF) [2, Theorem 1.5]. The semiampleness splitting
theorem is [2, Theorem 1.6].

(4) A nef abundant line bundle on a projective klt pair has an effective rational
representative which can be absorbed into its boundary while keeping it klt
[4, Corollary 5.3 and Lemma 5.4]; the numbering here is from the checked
arXiv v2.

The results of Fujino, Ambro and purity that are needed for the separate audit are
applied with their full relevant hypotheses in Section E.6.

E.3. A MAXIMAL-GROWTH CRITERION AND ITS QUANTITATIVE FORM

Theorem E.3.1 (Proved derivation; no originality claim). In the setting above,
assume L is nef and k(X, L) = r. Then f is smooth, every fibre is a smooth weak
Fano variety, and there is a connected finite étale Galois cover T :Y' — 'Y with

XXyYIZY,XF

as Y'-schemes. Moreover L is semiample.
More precisely, let W C H(X,mL) be a nonzero finite-dimensional subspace
whose restriction defines a generically finite rational map

i F--» Z CP(WY), d=[C(F):C(2).
Then one can choose a splitting cover with degree e satisfying
(E.3.1) e|d, e<d<m'(—Kpg)".
If d =1, f itself is a product.

The existence of such a W follows from x(X, L) = r, as proved below. There is
no assumption that W is base point free or that — K is ample. The number d is a
function-field degree, not the degree of an everywhere finite morphism.

Corollary E.3.2. Suppose L is nef and its general fibre is weak Fano. The following
are equivalent: k(X, L) =r; L is semiample; and f becomes a product after a finite
étale cover.

Proof. The first condition gives the other two by Theorem E.3.1. If L is semiample,
its numerical and litaka dimensions agree, and the numerical-dimension input gives
k(L) = v(—Kp) = r. For a product after a finite étale cover, — K is semiample by
the argument in Section E.5; the norm argument there descends this property to L,
reducing to the previous implication. ([l

E.4. THE SIMULTANEOUS MARKING ARGUMENT

Lemma E.4.1 (Compatible ratios for a finite system). Assume L is nef. For
every nonzero finite-dimensional W C H°(X,mL), there exists a locally constant
presentation (E.2.1) such that the rational map Py pulled back to Y x F equals
Y oprp for a rational map v on F. In particular 1 o p(v) =1 for all v € m(Y).
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Proof. Choose a basis sg,...,s, and a general fibre on which their restrictions are
linearly independent. This is possible by the restriction input. The case ¢ = 0 is
constant, and the unmarked structure theorem suffices. Suppose ¢ > 1. Set

q q
D; =div(s;), D =div(so+s;) (1<i<gq), T= ZDi + Z:Dz+
=0 i=1

All these are effective Cartier divisors, including possible fixed components and their
multiplicities. We have T'~ m(2¢ + 1)L.

Choose a positive rational € so small that (X,eT") is klt and em(2¢ + 1) < 1.
To justify the first condition, take a log resolution of the single fixed divisor 7.
There are finitely many discrepancies and multiplicities on this resolution; the strict
inequalities defining klt hold for all sufficiently small positive €, since X is smooth.
We now have

(E.4.1) —(Kx)y + €T) ~g (1 — em(2q + 1)) L,

which is nef. Apply the pair structure theorem once to this one boundary.

Write p : Y x F — X for the resulting covering map. The divisor p*T is a
product divisor. Every effective summand p*D; and p*D;" is therefore supported on
its finitely many product prime divisors. On the connected product, the multiplicity
on each prime is a fixed integer. Each summand is itself a product divisor. This does
not require selecting separate trivializations for different sections, and no component
permutation is silently discarded.

Under the relative canonical identification p*(mL) =~ pri(—mKp), normalize at
a point yo € Y, and write t; = p*s;|y1xr. The equality of divisors gives

p*si = a;(y) prpt;, p*(so + s;) = b;(y) prp(to + ),

with nowhere-zero holomorphic functions a;, b; on Y. Indeed, after dividing sections
with the same divisor, the quotient is a nowhere-zero holomorphic function on the
product; its restriction to the compact connected fibre F' is constant. Removable
singularities here follow from equality of Cartier divisors on a smooth space, not
from neglecting a codimension-two set.

Additivity of pullback implies

ao(y)to + ai(y)ti = bi(y)(to + ti).

The two sections ty,t; are linearly independent, so ay = a; = b;. Thus all the
projective coordinates have one common factor, which cancels. We obtain

Oy op=1to:---:t,]oprp.

This equality holds on the common domain of definition and hence as rational
(equivalently, meromorphic here) maps. Deck invariance of the left-hand side yields
Yo p(y) = 1. At no point have we claimed that the individual a; are constant or
that arbitrary holomorphic sections of a flat bundle are parallel. O

This is an elaboration of the boundary perturbation in [2, proof of Theorem 1.6,
Step 3]. Marking sums makes the compatibility of several coordinates explicit. It is
not presented as a new general theory of flat bundles.
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E.5. COMPLETE PROOF AND THE DEGREE ESTIMATE

Proof of Theorem FE.3.1. Step 1: generic finiteness on the fibre. Choose m for which
dim @, (X) = r, and let W = H°(X, mL). A homogeneous polynomial relation in
the restricted basis defines a section of kmL vanishing on F'. Injectivity of restriction
in degree km shows that this section vanishes on X. Conversely any relation on X
restricts to one on F. Therefore the two image closures in P(IW*) have the same
homogeneous ideal. Their dimensions are both . The map on the r-dimensional
integral variety F' is dominant and generically finite onto this image. Characteristic
zero makes the associated finite field extension separable. This argument also shows
k(—Kp) =r, so —Kp is big.

Step 2: finite monodromy for the compatible presentation. Apply Lemma E.4.1
to the chosen W, or to any W in the quantitative statement. Put K = C(Z) and
E = C(F). Its monodromy image G = p(m(Y")) fixes K pointwise. Automorphisms
of F" act faithfully on E: an automorphism fixing all rational functions is the identity
on a dense open set and hence, by separatedness, on all of F'. Thus G embeds in
Autg(E), a finite group with at most [E : K] = d elements. More precisely, the
fixed-field theorem for a finite group [6, Tag 0913] gives [E : E¢] = |G| and the
tower formula gives

d=[E:K]=|G|[EC: K].

Consequently e := |G| divides d. This uses neither resolution of the rational map
on the total space nor finiteness at its base points.

Step 3: an algebraic product cover. The subgroup ker p is normal of finite index
e. The associated connected covering Y’ — Y is finite unramified. The Riemann
existence correspondence [7, Exposé XII, Theorem 5.1] for smooth projective com-
plex varieties identifies it with a finite étale algebraic cover. It is projective, and
the pulled-back presentation is Y’ x F', since ker p acts trivially on F. The analytic
isomorphism is algebraic by applying Chow’s theorem to its graph [8, Section 4,
Proposition 14]. The pair structure theorem has already shown that f is locally
trivial with smooth fibre; hence f is smooth everywhere. Nefness restricts to every
fibre, and all fibres are isomorphic, so all are weak Fano.

Step 4: semiampleness and descent. On F', put H = —Kp. In Fujino’s formulation
of Kawamata’s theorem [5, Theorem 1.1], take the base to be a point, boundary zero,
and the nef divisor to be H. Both H — Kp = 2H and aH — Kr = (a+ 1)H are nef
and big for a > 1; their numerical dimensions are r and their litaka dimensions are
nonnegative. All hypotheses hold, so H is semiample.

Thus a fixed power of p™* L is globally generated on X’ = X xy Y’ wherep’ : X' —
X. Let this power be mg. For any = € X, choose a section of p™*(mgL) nonzero at
every point above x. Such a section exists by avoiding finitely many proper linear
hyperplanes in the space of sections over the infinite field C. The product of its
G-translates is invariant, descends to a section of mgeL, and is nonzero at x. The
exponent is independent of x. Hence mgelL is globally generated.

Step 5: intersection bound. Resolve the base ideal of W|g by pu: F — F. Write

A:=mu*(—Kr) = M + B,
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where M is globally generated and B is effective. Both A and M are nef. The
induced morphism h : F' — Z is generically finite of degree d and M = h*Oz(1).
By the projection formula, M"™ = ddeg Z. Furthermore,

r—1
A"~ M"=B. ZAT—I—J'MJ' > 0.

J=0

Each summand is nonnegative: restrict the nef classes to each component of the
effective divisor and take limits of ample classes on a resolution of that component.
Thus

d<ddegZ =M"<A"=m"(—Kp)".

Every intersection has degree r on F. This proves (E.3.1), including the case r =
1. 0

The field-theoretic argument is the usual finite-automorphism argument; it re-
places the permutation bound that can arise from working with a finite fibre of
a morphism. Its quantitative improvement is elementary, and is not counted as a
separate substantive research discovery.

E.6. THE ABUNDANCE AUDIT: A STRONGER ESTABLISHED CONSEQUENCE

Proposition E.6.1 (Consequence of existing results). If L = —Kx/y is nef and
abundant, then f becomes a product after a connected finite étale cover, and L 1is
semiample. This holds also when v(L) < r or v(L) = 0.

Proof. Step 1: a kit representative. By the fourth input there exists D > 0 with
D ~qg L and (X, D) klt. Specifically, triviality of the asymptotic multiplier ideal
yields a sufficiently divisible linear system and a rationally scaled general member
with klt singularities. Nefness alone does not supply this representative.

Step 2: a locally constant log Calabi-Yau family. Now Kx/y +D ~qg 0. Apply the
pair structure theorem to the nef divisor —(Kx/y + D). It follows that f is smooth
and (X, D) is locally a product. The map (X, D) — Y is an lc-trivial fibration in
the sense of [3]: its generic pair is klt, its relative log canonical divisor is rationally
trivial, and the rank-one condition follows from the klt condition and connected
fibres.

Step 3: discriminant and moduli, including higher base models. For a prime
divisor P on Y, local product structure shows that the log canonical threshold of
f* P over its generic point is exactly 1: the fibre pair is klt, while the new transverse
base divisor acquires coefficient . Thus the discriminant coefficient is 1 — 1 = 0, so
By = 0. Choose the rational trivialization so that the canonical bundle formula has
base divisor Ky .

It is essential to check the moduli b-divisor, not just its traceon Y. Let 5 : Y]} = Y
be any smooth birational model and put X; = X Xy Yj, with maps g : X; — X
and f; : X; — Yj. Smoothness of f ensures X; is smooth. For Es = Ky, — 8*Ky,
the crepant boundary is

Dy =g*D — f{Epg, Kx, + Dy =g"(Kx + D).
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At the generic point of a prime divisor of Y; with coefficient a in Ej, the threshold
is 1 4+ a, hence the discriminant coefficient is —a. Therefore

By, = —Eg, Ky, + By, = " Ky, My, ~q 0.

With the chosen rational trivialization these formulae identify the moduli b-divisor
with zero; they are compatible on all higher smooth models. The possibly negative
exceptional boundary is retained throughout the calculation.

Step 4: finite cover and extension over every base point. Ambro’s Theorem 4.7
applies: the geometric generic fibre is projective, the boundary is effective on X,
the discriminant is zero, and the moduli b-divisor is rationally trivial. It provides
a finite Galois cover étale in codimension one and a product over a nonempty open
subset. Its normal source and the smooth target allow purity of the branch locus
[6, Tag 0BMB| to promote the cover to an everywhere étale cover. The pulled-back
boundary is effective and the new discriminant is still zero. Ambro’s Proposition
4.4 then extends the product isomorphism over the entire new base: its excluded
set consists of base singularities, discriminant support and the image of the negative
vertical boundary, all empty here. Thus no codimension-two extension is assumed
without a theorem.

Step 5: semiampleness. Restriction injectivity and equality of numerical dimen-
sions give

v(L) = k(L) < k(—Kp) <v(—Kp) =v(L).
Thus — K is nef and abundant. Apply Fujino’s Theorem 1.1 with H = —Kp as
above: 2H is nef and abundant, and (a+1)H has the same numerical dimension and
nonnegative litaka dimension. This includes numerical dimension zero. Hence H is
semiample. Pullback to the product and the norm argument of Step 4 in Section E.5
imply semiampleness of L. U

This proposition explains why weakening “semiample” to “nef and abundant” does
not establish originality in this investigation. The required implications are supplied
by existing general results. It also prevents us from listing the smaller-abundance
case as an open problem left by Theorem E.3.1.

E.7. GEOMETRIC MEANING, EXAMPLES AND FAILED EXTENSIONS

The arguments above use the fundamental group of the full base, klt pairs on the
full total space, and (in the audit) discriminants on every smooth birational base
model. They work for every base dimension, including dimY > 2, and for fibres
of arbitrary positive dimension. They do not arise by taking a product of a curve
computation. A numerical condition removes twisting only when it controls enough
sections; the non-abundant regime separates the two kinds of information.

Nonempty classes. Let F' be any smooth weak Fano variety, G a finite group of
automorphisms of F, and Y’ — Y any connected étale G-torsor between smooth
projective varieties with dimY > 2. The diagonal quotient (Y’ x F)/G is smooth
because the action on Y is free, and projective because a tensor product of translates
gives a G-linearized ample bundle. Its relative anticanonical bundle pulls back to
pri.(—KF), so it is nef and semiample by finite descent. The criterion applies. Such
covers exist, for example among isogenies of abelian varieties, and finite actions
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occur on projective space in every positive dimension. This verifies existence; it is
not used as a novelty argument.

Boundary test: nef alone. Let A be an abelian variety of dimension at least two
and P € Pic’(A) a non-torsion line bundle. For this test only, take the quotient
convention X =P4(04 @ P), { = cl(OX(l)). Then

L=2¢—f*P, f.Ox(mL)= @me hO(X,mL) = 1.

Indeed, a nontrivial numerically trivial hne bundle on a projective variety has no
section: a nonzero effective divisor would have positive intersection with an ample
(dim A — 1)-fold power. The two line summands are unitary flat, so the fibrewise
Fubini-Study metric descends and makes L semipositive, in particular nef. Its
numerical dimension is 1, whereas k(L) = 0. It cannot split after a finite étale
cover: on each connected component the pullback of P remains non-torsion (use
the norm), and the same section count persists, whereas a product would have
h(—mKp1) = 2m + 1. This is only a stress test, not the main result.

Boundary test: absolute nefness cannot be omitted. Let Y = Bl,P?, with excep-
tional divisor B, and X = Py (Oy @ Oy(B)). Then L = 2§ — f*B is f-ample and
effective, and

RO(X,mL) Z WY, kB)y=m+1, k(L)=1=r
k=—m

For k > 0, every effective divisor linearly equivalent to kB is kB: intersecting with
the pullback of a line forces it to be exceptional. Negative multiples have no sections
by intersection with an ample divisor. This proves the formula and its linear growth.
On the quotient section associated to Oy, L restricts to —B, which has negative
degree on the strict transform of a line through p. Thus L is not nef. It cannot
become a product by an étale cover, because the pullback of —Kp1 on a product is nef
and nefness descends under finite surjective morphisms. This refutes the extension
of Theorem E.3.1 with “ f-nef and pseudo-effective” in place of “nef on X7

Other rejected steps. Flatness does not make all holomorphic sections parallel
for an arbitrary connection. A trivial line bundle on a projective variety carrying
a nonzero holomorphic one-form « has the flat connection d + «; its section 1 is
not parallel. Likewise, a generically finite rational map need not be finite at its
base locus. Finally, a chosen infinite monodromy representation does not by itself
rule out a holomorphic product for another presentation. The proofs avoid all three
inferences.

8. COMPARISON, NOVELTY AND THE REMAINING QUESTION

Three candidates were compared. The first sought local triviality under a non-
dominating non-nef locus. Theorem 4.8 and Theorem 4.6 of [2] already supply it, so
it was discarded. The second sought finite splitting from relative abundance; this
was chosen for proof work, and then its originality was rejected by Proposition E.6.1.
The third concerned second-Chern-class inequalities and equality cases for nef anti-
canonical varieties. Recent work, including [11], made a direct substitution into a
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known inequality an unsuitable proposed contribution; no new equality lemma was
established, and this direction was not pursued simultaneously.

For the selected problem, Theorem E.3.1 has a complete proof relative to explicitly
stated published inputs. Lemma E.4.1 adds the simultaneous-coordinate argument
to the existing boundary-perturbation method; the degree estimate is an elementary
field-theoretic and intersection-theoretic refinement. The difference from the state-
ment of the semiample theorem is real as a difference in initial hypotheses and in the
quantitative conclusion. It does not imply historical novelty. In fact the qualitative
difference is already bridged by the existing results in Section E.6.

The review included the published EIM article (not merely its first preprint),
EG v2, Ambro’s published paper, Fujino’s author manuscript, Cacciola—Di Biagio
v2, and the 2026 v4 of Benozzo-Brivio-Chang [9]. The latter treats anticanonical
litaka inequalities under singularity conditions on linear series; it is not an input
to our proof. Miiller’s 2025 non-vanishing result [10] was checked to distinguish
non-vanishing from maximal growth. Search coverage up to September 8, 2026 is a
targeted review, not an exhaustive bibliography or a priority certificate.

There is no counterexample to the proved criterion in the checks above. There is
also no independently certified new substantive partial theorem. This distinction is
part of the mathematical outcome, rather than a gap to be hidden by labeling an
elementary consequence as new.

Question E.8.1 (Unresolved by this investigation; no claim of literature-wide open-
ness). For a smooth Fano fibration with L nef and 0 < (L) < v(L) = r, describe
the defect r — k(L) in terms of monodromy and its action on anticanonical sections.
More specifically, determine when a locally constant presentation compatible with
a maximal-dimensional global linear system can be chosen so that

k(L) = trdege C(F)Y,
where G is the Zariski closure of its monodromy in Aut(F).

For such a compatible presentation the argument here proves only the inequality
k(L) < trdeg C(F)%: the coordinate ratios give an invariant subfield. Surjectivity
onto the invariant function field is not proved. Invariant rational functions need not
automatically be ratios of invariant sections of the required powers and linearization.
Resolving that obstruction, rather than re-proving abundance by existing theorems,
is the precise unfinished task. The question is not promoted to a conjecture, and no
equality is used elsewhere.

E.9. REPRODUCIBILITY AND MATHEMATICAL STATUS

The master file contains both complete language versions, with labels prefixed en:
and ja: and displayed section numbers E and J. The source template’s incomplete
title command has been replaced; its document class, dimensions, theorem environ-
ments and mathematical macros are retained. Original author/contact information
has been removed and the author and PDF metadata are set to chatGPT 6 Astra.

The accompanying audit records the three candidate statements and the failed
proof shortcuts. A saved exact-arithmetic script checks the two auxiliary section
counts and a finite cyclic action illustrating the degree divisibility; these finite checks
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are not evidence for a general theorem. The proof is the argument above. Compila-
tion, text and metadata checks and actual page rendering are recorded separately,
so that a typesetting check is not confused with a mathematical verification or an
independent human review.
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FH O B ASEHE IR - D e K YTk e &
kR étale B IC X B FE571# -
AlbH & HRE OB

chatGPT 6 Astra
2026 29 A 8 H

HE. (TEDOWE O RGHMREK EC. nef M RAEMER T D UM EN 7 > 4 7
L— a YORBIRIENEZ © 2 ETHIR S 2028505 %, 1800 RERFNEZH
AREDZ7 747V —=>a>y f: X 5> YISHLT L= —Ky/y.r =dimX—dimY >0
LB, kX, L) =rZHIXHMK étale BERICHEIH ST 2 Z & 2. BEAIOEMIZHK
73 25%ekiiae LTEX 5, — &7 7 4 N— L THEBRMNICERZGHEGRZE
0 BETRIERD DIV, ZDEBDOREZEHI D Y2 REED BTN, B
FRAE DU X fZ DM DZER T % RIRAICERFUCH AR A FEEDTFEAE L T D U
DL T T 2 —DODRATEBME RIS 5 Z E DIEFHO BN TH 5, HIOEEETIE.
X D —f%D abundant 723555 S BEHFE RN 58 L, Lz TEWMBED#HD. &
DFEFHDILER S . 1 UWIFZEERE 2 I3 FR LRV, RIS TR L7 D o 723X,
JE abundant 72355 OGN TDH 5,

ZD/— MEchatGPT 6 B4R L 72D TH D, HHIFEFENLBEEE 2L fT->
TWEXRA. ZODEEENREENDED 200 LAERA. ZO-DFEFELH
ATLZE0W.

J.1. M & B R

[ X =Y %2, BorBRERMNEESHRIRBOER 7 7 4 N=Z2Fo25t e L.
dimY > 2, EMNXITr >0 3%, 22 X LD L= -Kx + f*Ky OIEEEZHA
N3, Fubh e 2Wvid. L OBUERSEHA % 72 1 3UIHncBE T 2 &M &k o T AR
IENBFEELIRIC 7 74 T —> a YOFENDHAZ Z e 28I 20, VWi H
DTH 5,

CIRBTHBEOREESRDH D, HI. 774 7L —Ya ypEs»TRTENA
THoTh, ERISERALE/ Fu I —RBDEERY M v KISYIE & H3FE—H
ENBEDOITTIERY, HF X, VI TEX 2 HHEBRICEFEADDVE S, ENH
BREDP S, /T 7 4 XN—2KTOERFNMEIED RV, ISR A%
HHARICHIRR 3 2 720 TLEfRTH E A7z,

B2 D H ¥ RUX Ejiri-Gongyo OHIFREM [1] . Ejiri-Iwai-Matsumura 12 & % klt
WD RFTERES 2] TH 5, %HE L semiample DHE D étale R DEILAAL TH
D. Ambro DFATT 2 HIEDBHRL TS, L7zD3 5 T semiample & W 5 RED H
BORT2Z%, FILLWERHE LTHRbZRW,

LONE (X, L) = v(X,L) ZRET 2IRICEEH LTz L LFRIMEOFEEEIC
0. kIt RETCE HHERANR 2R 5 2 BRI ROEHED) H 5 Z e 0o Tz, H
J.6HIT. ZDEBEICHERIE LR ZHRT 5, ZHUT X D abundant 5 E
B O RFIERMD HFRI L. & DRABIT D 2 AR R DHE B I HE DAk
REFFEE LRV,

ARNRET 2 Dk, FRFOESIEE. AHEEG. $EXEZHE I - 5% e
REECTH 5, ZHUMERDOEIKE 7 7 A N=2XRE T HHEMEATH D, HH
ROFHETIIR WV, 72720, BMFOAZIER L, 2oz a2 282
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T, WHIFEEER & L TR 5 N AE R 2 H R ORI 72 5 70, ARRIZEER] &
BREOFEMTH D, ZOHHMEEZILL - W0 S MG TR,

J.2. BB L HER L=BEFID A T)

HOIBMRZMETIE, INRNTOZHEIKEIC LOEZEIKL 75, X, Yidvwihd
HONTHENTH 5, D5 f D smoothness HIRER T, 51H3 2 HEEH )
5E L, FEUHER I Cartier 72D T,

Kx;y = Kx — f*Ky, L=—-Kxy

WSERRRE LTEE 2, WHDPRT 74 NN— FIZEBKEARICE>T Ly = —Kp
KF D 2inef TH 5 k&, ZDFET 29 EHRALOTRXTORM C 12O
TD-C>02k5Z2%W\0WS, fnef T, f2UHES 2 ARSI Z D&% R
T, LR THW2DIEHTETH %, pseudo-effective & IIEEEEERFEDEH IR
T3 2k, big EIZRERTHZEDHRTDEFLET 2ZREIEDOTTICFE LV L BN
9o nef ¥ big Z—2DMFFEARICAU N2,

18 S DG n KITZHEIE LD nef K17 D & ample K A 1R LT,

v(D) = max{k € {0,...,n} : D" . A" % > 0}

ZRUERITE T 5, ZOfHEIF AIMKEFEL RV IEDFEED TR TYM 2R 7270035
BliEK(D) = —00 & L. £ TRINZ D)p) DIEDRXITLORAKIEE k(D) & ED
%, nef KIF2% abundant TH % £ 1d k(D) = v(D) Z\ 5, semiample £ id. H 51k
DIERDBZRER B TRIBERZ N Z 205,

JRIFTEREE & 13, TRY e R0

(J.2.1) XY xF)/mY), 22 =(w,p0%)2)

20O, ZHEEREFTEEE X D RWSEHTH B, RHLFRI—ELIIES
W, AREDOE/ Fu I —1ZoWToOERIE, FICHEHTESMEICBET 25D T
HYH, FILIERIZ 74 7L —> 3 v EOFTRTOFEEMEICE T 2 FRTIE RV,
IR 5 HWE AN TH Y, AREHFEHT 28R TldRwn,

(1) L2 nef 26, #Y)IR—RDIE S 2727 7 4 N—~DRIFRIZ RIS = TJWrER
FTHE YRS, $hbBE& HY (X, mL) — HO(F, —mKp) DEFTH 3 [1,
Theorem 1.2],

(2) A > 0 DHHET, (X,A) 55kt To —(Kxy +A) Bnef 5, $HEY ET
JRIFTERB TR 2 F5D 2, Theorem 4.6]o W2 DIZBZEM DG 07255 T
B>

(3) L nef 26 v(L) = v(—KF) T®H 3 [2, Theorem 1.5], semiample DHEH D
FEIT R IERIER S Theorem 1.6 TH %,

(4) 52 kit 0 £ D nef 22D abundant ZERHICIE, BEFITMZ T kit 2 0k
DOHMABRERITOFELET 5 [4, Corollary 5.3, Lemma 5.4], Z DHEFFIIA
XEER L7z arXiv v2 12 X %,

A DEEE BT Fujino, Ambro, 77IBHIPED ZAGERIX, 5B J.6 i T4 T 2IRE
ZIXRTHRELCGHEHT %,
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J.3. ARMEROHIE & e 'Y

FEFR J.3.1 (GERREH MBIMEEFIR LRV, DLEORRET. LA nef 20 k(X, L) =1
CARET 50 TOEE FIKIELHNT, IRTD T 7 4 N=IXE 5 D72 weak Fano %
BAETH D, HiGER AR étale Galois B 7: Y — Y BFEL T, YV-RAF—24¢
LT
X Xy Y ~Y' xF

725, XHIT L% semiample TH %,

EDFFELL. IEFBOFRIITH 2= W C HO(X, mL) OHIFRE2, FRBICHR
REMER

Vi F--» Z CP(WY), d=[C(F):C(Z)]

EEDDET D, TOL ENRBEBOIE e &
(J.3.1) eld, e<d<m'(—Kp)
iz EOCHN S, FRcd=17%5 f BEBFETH %,

ZDEIBW DFEIEF (X, L) = r D OHED T 2R TitHT 5, W 23 ERH
HTH2Zrd, —Kpdample TH B Z L BIREL TV, dIXBEBURD T
HH., BEMERBHFOXM L ERL TV DIF TRV,

R J.3.2. LY nef T— 7 7 A N—Diweak Fano TH 2 & T 5, TDE ZE, k(X,L) =
r L7 semiample TH 2 Z &, fAR étale FERICFEICKR S Z 8. D=5MFIZ
[FETH 5,

FERR. BHIDSREL SR DIZEH J.3.112 & %, L 23 semiample 72 & BUEXIT & &
RILH—HT 2D T, BUERITTD AN DS k(L) = v(—Kp) =1 TH 5, AR étale
WBRICHE 258, B IO HOEMICE D —Kp 23 semiample £ 72 D, [[IHEiD 2
WA X B CEOMED LANERNT 2, Lo TEREDERCRET 5, O

J.4. BREDFER T % FIKHZIEE S % ifkam

i J41 (ARBIEZROLE OWAL). L2 nef TH 2 LT 5. (EEDIEFRHBIT
WA W C HOX, mL) SN LT, Oy &Y x FAFIERLEEHEGD, 55
F FOHBGE ZHOCT Yopry &2 X5 BEMERFOR (1.2.1) #Eh 2, FF
WIRTDyem(Y)IZDWThop(y) =1y THb,

A, FEE g, ..., s, ZHUD . ZNS DHIRDI KM L 725 —HR T 7 4 N— 2 IEL,
CAUIHIREGIC X D AIRET H B, ¢ = 0 DHERIFB/RIVEMEZ DT, HRRLD
FEEHTE WV, U hg>1E7 %,

q q
D; =div(s;), Df =div(so+s;) (1<i<gq), T= ZDi + ZDZ+
i=0 i=1

EBL WITNBEERTRERE Z ZD TAHR Cartier IFTH D T ~ m(2q+1)L
i85,

(X, eT) D3 klt Ty em(2¢+1) <1 22T/ NS RIEOHHEE c 25, Hi#HD
FEE. BEL—20RF T OIS REAMIECHETE %, 2O LTHNMS
discrepancy & EEEIIARETH D, X BIESLRD T, kit ZED 5 HEAEFER
ET5/NE7e>0THRLT %, ZOL X

(J.4.1) —(Kxyy +€T) ~g (1 — em(2q + 1)L
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Enef TH5B, ZO—D2DHFITH L., MOMEEM > —EEH T %,
BoNIWEEBRZp: Y x F - X e EL, pTIIHEMEOKRFTHE, ZDOER
BT H % p*D; & p*Df 13, 2 OBEREORZERFICHE 2RO, HAGERE LT
BERTFOEEREIZEEINBRTH 2720, SNBHEUTH S, Bz Yk
WillZ DEIAIEZIRATWSEDTIER L, BT OBE#HEZE - TR L TH VRN,
FEXTRE R 2> 518 S 2 Al —8 p*(mL) ~ pri(—mKp) D RT, gy € Y IZBWT
%E*%ﬂ: L. t; :p*Si‘{yO}XF S Y o ?‘0)_-&%736

p*s; = a;(y) preti, p*(so + s;) = b;(y) prip(to + 1)

YEF D, a;, b XY FOFRERFELRVERRBEEKTH 32, FICKTZ2EOURO

LeidfE LB SRR WIERIBIE e 72 b, a7 MEikER T 7 4 N— FADH

RO ERTH B0, ZOHICHKRE, T TORERDOBREZ. BO1rRZER ET

Cartier IFDFELWVWI 2I2L b, B _OREZHEB R CHEHEL TXVwizwy,
Sl ER L OMEED S

ao(y)to + ai(y)t: = bi(y)(to + ti)

WAL T Do to, t; D—THAIMHICED ag =a;, = b; 2155, LD o THEZEREIZ
IARTHEFEORT2H/HH, ZhEHETES, WX

Oy op=1tg:---:t,]oprp
b, ZHILEOERE ETHAI L. Lz TEMESR., - 2 ClREMEICE
HRBEBRE UTRILT %, LD deck ZIARZEMDN S o p(y) = 2155, 4
Da;, PERTHAZd, FHEOCEEZDIEAYIM AT THBE b TFRLTY
VAQAR O

Z Dfkamid [2, Theorem 1.6 DFEAA, Step 3] DBEFBENZFEL K L72dDTH %,
UM oM Z FRHCHEE S 2 2 & CTHEBOBEEDOMN EZHR T 5, FHEOH L
—HER L L THRRT 2 B DTIERW,

J.5. SERTRAERA & JBGHi

JEFR J.5.1 DFERA. Step 11 7 7 4 N— LOAEBERME. dim @), (X) =r &3
mZER, W =HY(X,mL) £33, HllRL7-REDOHOFXRZLEHAERIZ, F L
TIHZ % kmL QYK EED %, KE km TORIREG D S, 208Nk X LT
HA %, WIC X LORRIZF RICHHlRENS, L7zdioTPW*) ADHIT DB
DEATEFRILERA T 7 2FE, Kmldwitd r TH 2, r TTOBZEK F
B Z DBRANDEBIIZEL TERINCERTH 5, FEELROTHIET % HRAE
EREDEENTH S, Flekh(—Kp) =r TH 272D, —Kpldbig ThH b,

Step 2. WL T 2FRNCBIZE/ FuI—0FRM. BAZW., RIEIEEN
statement DEED WICHIE J. 4.1 Z#HT %5, K =C(Z). E=C(F) £ B, £
J PR I—DBRG =p(m((Y))Z KOSTEEET 5, FOHCREE FIZEFEIC
TEHS %, FEBE. SR TOEHBBZEE T 2 HOREIIMERES LTEEFTDH
D, DEEED» S FRRTESZE 722, LD > TG Autg(B) KHDAEN S, Z
DEHIART, ZOMBUI[E: K] =dFTH %, X HICHRHOEERER 6
Tag 09I3] IC & D [E: E9) = |G| THH . KEDOERADS

d=[E:K]=|G|[EY: K]

2#19%, WZxiCe:= |GixdEEIDY 5, 2% ETEEBEBREMET 208D, H
HTEHEBBEIRTH 2 &5 FiESH VTV,
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Step 3 AREA LG IRWE. ker p 13458 e DIERITR DT CTH 5, R T 2 8
HWEY — YIZARIESETH D, 1850 BERMNEZRRIED Riemann F#1EEH
7, Exposé XII, Theorem 5.1] {1Z & o TREHYZLHIR étale B & 72 5, Y/ IEFHZHY
T, kerpld FIZHBHIZIEH T 20T, BIZRLARRIY x F 725, BHHFE
ANE 7' Z 712 Chow DEMZEHH T % Z & TREINTH % [8, Section 4, Proposition
4] MORHEEHIC XD fFIZTTRESLDR T 7 4 N=2£D /AT HIAS 2 DT,
2 5P smooth TH %, nef XTI RTDT7 7 4 XN—ICHIRTE, £7 7 4 N—D3F
TH 2570, TXT weak Fano £ 725,

Step 4. semiampleness L. F L TH = —Kp £ 3B <, Fujino IZ & 5 Kawamata
DEMDERL [5, Theorem 1.1] T, HEEZ—m. HAZE, neflF%2 H &7 3,
H—Kp=2HY aH—-Kr=(a+1)HEa>1IRLTE HIZnef »D big T, HHE
Tt r. BRETTTIIIEATH %, L7z o TIRTOIRGE Rz L, H 1X semiample
LB,

WRIZp X' =X xy Y = XIZHLT, p*L ®HBEE LTz mo TITRIBAE K
ENd, FEDz € X ITH L, ZDLDTRTDRTIHAR p*(moL) YK %25
N5, FEEE. UMz oG RRIE O BEofEE M2 ERIK C LTI UE L v, 2
D G-ZBDIIALETH D, moeL DYIMNIEE R LT 2 THAZR W, FERUZ 2 12K
FLRWDT, moel DDKIBAERI NS, -

Step 5 MBI X ZFHE. W|p ORIEA T 7V %E p: F — FCELT

A=mu (—-Kr)=M+ B

YL MIIKRBER. BIZETHD, A MIZL bilnef TH 2, FEGh . F — 7
IR d DERRIERF T, M = h*0z(1) TH %, SR ED M™ = ddeg Z
5%, ¥/

r—1

N—MudaXMFHMfzo

7=0
ThHb, FHDOIEAMEIX, BIARTFOEMTIT nef FHZHIR L. Z D7 DR E A
fi#E _EC ample FHOMIPR ZHL S Z & THES, L7zd3oT

d<ddegZ =M"< A" =m"(—Kp)".
ZEBRVTND F ETXEr THB. r=15EDT(J3.1) MiEAE Az, O
PGm O ke 3BEH O AR A CANHOHM TH D, ARFO—DDT 7 4 N—0D
B ES BN FHIiZ B SRR TV 2, ERIZHEZDH DIIFFNTHD,
T U A TR I I3EL R T80

J.6. ABUNDANCE D% © BEAIFE SR & D X D il IR

il J.6.1 (REFORERDIFERS). L = —Kx/y 23 nef 22 abundant 72 6., f 133#HK5 7%
AR étale BRI L 72D L X semiample TH 2, ZHiFv(L) < r DHE
I/(L) =0 @i%él\%)/gﬁo

FAERH. Step 1: kit #AREITC. HUDAINC LD, D>0. D ~q L. (X,D) 2 klt &
2% DDBFET 5. BRRNCIE, BEREEA 77 10 BIRMED & T RIBR7Z Y
R, 20— HHEEMG L2 kit RETTZ215 5, nef 72106 ZORKITHE
5B DT TR,

Step 2 RFTERS log Calabi-Yau 7 7 3V —. Kx/y + D ~g 072D T, nef K+
—(Kx)y + D) TN OMEEMZEHT 5, fI3ES1rER D, (X, D) I3RATANIHE
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Y%, (X,D) — Y & [3] DEBKOD le-trivial fibration TH %, —fxtA kit T, 8
SEEREER T2 B HANCHAT® D, rank-one 2fFIE kit P 7 7 £ N — D
Hr SRS %,

Step 3. EWEREKET LD EOHBIEF & moduli KIF. Y _EDORREF PIZoW
T, AFE#EE>» S, 20— LD f*P @ log canonical threshold IXIEffEIZ 1T
Hbd, 77 A N=XNIkIt TH D, Hilrd 28 LWEERKFIRE D3 5 7-0T
H5, HHRFORBUE1—1=0, L7z >T By =045, HERARDOHE
K123 Ky & 72 2 GEREL 23S,

Y ED trace 7213 T7% < moduli b-divisor DFEGRBINEET H 5, (TEDIE & I NE
HEFLE: Y, Y IIRHLTX, =X xy 120, B2 X1 - X, fi: X1 =Y
#EHL o f D smoothness 2256 X; bIEOHLNTH 5, Ey = Ky, — 3Ky £ 55 &,
crepant 72535

Dlzg*D_fl*Eﬂv KX1+D1:g*(KX+D>

THd, B CBIBHE aTHZY, LORERFO—MATIE, threshold iZ1+a
272D T, HHIRERFOREEE —a THD, WZIT

By, = —Eg, Ky, + By, = " Ky, My, ~q 0.

BALAHEMNABPLO T, 285D moduli b-divisor #F e R—HL, X5
WEWITRTOFELPRETINVEMAIALT %, BmHTHAL D2 H G IEE %
ELTWARY,

Step 4. BIRHE ¥ £HEHIEADIEE. Ambro ® Theorem 4.7 2 T & %, %]
—i 7 7 4 N—I3HEHT, X _EoBEFIEAR. HHIEF133E. moduli b-divisor
FEHEPNCHIATH 3, FEIEBIZED., RRXIT—T étale AR Galois B &, FE
TEHES LOBED RIS 5, #EOWMBIIIER, BBITEO»RD T, DD
FME (6, Tag OBMB]IZ &K DB IXE 5 étale TH b, 5| R LITEFUIAR T, #r
LWHIBIAF 338 TH 5, Ambro @ Proposition 4.4 12 & D FEFRBIDHT L WEE (K
WIEET %, 2O TRNT 2 DIIREORES, HHETOA, ADEERM
DBETHD, TTTIEFITRTETH S, Lzh> TRATLADER T FARILIC R
E LTV,

Step 5 . semiampleness. HIFREHE & BAEXITTOEFERD

v(L) = k(L) < k(—Kr) <v(-Kp) =v(L)
#i5%, Lo T —Kpldnef 2> abundant TH %, LL2RULK H=—-Kp 2 L
C Fujino @ Theorem 1.1 ZJ@H$ %, 2H (& nef 2>D abundant T, (a+ 1)H OEE

KITEFE T, BREXRTTIIEATH 5, BEXRITED ZH T, H & semiample & 72 5,
FEADG|[ZERL &% J.5HiStep 4 D/ )V LA DiFkaw» 5. L B semiample TH 5, [0

Z DfdElE, semiample % nef >0 abundant 12598 % Z & 23, AREFZE CTHENMNE: %
ML 2 Z 8 IF R R VWHBZRT, HDEZREREIIFO—BEHIC X - TG
ENb, Fo. BIEXRITTD/NE WV abundant 7255 %, EH J.3.1 D5 L Jo RMETRR
e LTHIEL TEWITI w905,

J.7. RRATARYERR - B - AL LR W IRER

M EoFEmIRE 2RO, 225 Fo kit X, X HICEETIEIXRTDOES
R NEHEKE TV EOHBIRFZH S, EEOREERIT, FIZdimY > 2, B&
CEEDIEOHMIKITTHAL L. IR EOFHBEICHIOZHAZERE L TR 3#mT
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720 BUERISRED 3% < DYk 2 Hillf#l L THID T, Iz iHE %, FF abundant
RGEE. COZREOBERS T %,
ZETRWEMYERN S 7 A, F ZEEDIHE S 27 weak Fano ZHK, G 2 Z D
ARECRAEE L. YV - Y Z2dimY > 2 DIF 52252 RRIRR 0EfE étale
G-torsor &5 %, NAME Y' x F)/Gi& Y L@flﬁmﬁlﬁﬁﬁﬁo)f{’%%ﬁlfﬁ R
ample ROBREDEHD T > Y VLFED & G-linearized ample WHE 545 D THf
HITH %, ﬁﬁﬁﬁﬁ%ﬁmﬂ.&ﬂkﬁgﬁéﬂé®f BIRETICED nef
i)l’) semiample TH %, HIEEHPBEHEIN S, ZD XD BB IIHZIX7 —~L
ZRRIRD isogeny 7 515 H 4L, AERDIEXITTO M 2T B IR ERHIFEET 5,
AU RDIFERERETH o T, FEEOBRMLTIZ A0,

BFARE  nef 720 TIRED RV, AZRITT L LD 7 —~ULZRE, P € Pic’(A)
% JF torsion ZREMK E T 5, ZOMEICR o TEHDHIIT X =P4(04 D P). £ =
c1(Ox(1)) BL, ZDr =

2m
L=2—f'P, [Ox(mL)=@P™" (X mL)=1

j=0

L 732% . SRR LI B CTRIERNC B IR BRI 2 R 77200, JEEDH
ARFHDHAUR, ample AFD (dim A—1) R DXREDELREDPOETH 5D, D
DEMHIL unitary flat 72D T, 7 7 4 N—=75AD Fubini-Study &2 F L. LI
semipositive, FHZ nef TH 5, ZDBUEITTIX 17203 k(L) = 0 TH %, HIR étale #
BRI LSRN, FEEHIAND POFIERUIE/ VL L%HS KR LT
FEtorsion TH D, A CYIMEBORDRAL T 5 —77. FTHAUX R (—mEKp ) = 2m+1
LB TH5, THEFBETDH > TERMRTITRW,

HARE 22 LD nefHIZEBTEZR V. Y = BL P2 ORISR FZ B L L.
X =Py(Oy &0y (B)) £ 5%, L=2— f*Bld f-ample 2> 2HZIT.

O(X,mL) }:hOYkB =m+1, k(L)=1=r

k=—m

ML T %0 k> 0725 kB IZHYERER AR FIZEB BE LRV, BEFRDOG| X
RLEDREZIS . ZORFIIFINENTRIIIR SR NTDTH S, BDRE
BUE ample KF & ORI X DU 2R 7220, 2O TUIKE O & — R IRD3GEE
BHXN 2, B Oy XT38 ET LIk —BICHIBRX A, p 2@ 2 EMOKELE
B TEOXEER D, Lo Tnef TR, BIR étale BEHRICHEICRZ 2
HWV, FEED —Kp D5 ER LIEnef T, nef tRIZBEREHFICEELTCHETRNT 2056
ThHhd, ZOFNX. EHIJ3.1D X ETnef) % [ f-nef 2D pseudo-effective | 1T
EEZ 2IRERET 5,

FOMOEH U H#HER. ([EEOEFICOWT, D & 2 ERIYIK O A7
bV, IEFRIEAI—ER o ZH O ZRRIK D BBHERRICIZ TR d + o 23
B0, UK LT TRV, FRAERNEREEHEEHRIX. Z2oREHHTHIR
LIRSV, X 5T, BAL—DODE/ Fu I —RHEOBLHERTHZ Z 2 7201F
Tk, HoFRRICB Y 2 ERIZEMEIEZ R T Z R0V, SEFTIX 206 =D D
ZHWTWR,



18 chatGPT 6 Astra

J.8. BLRIASEIR & o LRl - it - Fo 7=

ZODEME I U7z H—1&. IE nef locus 23REEZ SXAC L2 WSR2 & /AT E
B Z 1S 2T D 5 7253, [2] D Theorem 4.8 ¥ Theorem 4.6 235 TIZ5 X 578
FEH L 7o H 3N abundance 2> 5 GRED R Z G 2BETH D, THZEAT
AERAZHED 7223, i J.6.1 12 K o THEMED FiRZHLD NiF 7z, =13 nef 72 KIE
HER T2 RO ZRRIADE Z Chern HONER L ESEMTH o 72, [11] 2B LR
DFGRDD 57D, BEHIDAFRANDEREAR AT EY) 2 BERIEM TR0 o 70
LWEBSHELZHETEXT, ZoHMERKHIZEI LD > 7,

R U BRI OWT, 8L T 3.1 IBHIR LR FIAINSKE S 2 52 2 72A & #
D, flid J.4. 1 1 ZBEHF OISR ENE I EE O FEIE 2 RIRF 12 5 Gam 2 N 2. AT
WEHIRER ARG & R RIS K B EELTH %, semiample D EH D statement &
. HFET 2 RE L ERBNRICED D 5, L L. 20720 CREERHRITEIENE
D, FEE, EERRZAIZE J.6 HOBARERIC X > THE %,

A L7 DE. B&AID preprint 721 T K AFIEIM &, EG v2, Ambro OAH|
# . Fujino ®F&FFEFE. Cacciola-Di Biagio v2. 2026 4E® BenozzoBrivio-Chang
v4[9] TH %, HIEDF IR DR KM D CRAZERE X ITTOAEFER 2 )
DM AROIENIEIH VRV, £z, BB RARMEZ XS %728, Miller
D 2025 FEDIETHBAE R [10] ZHER L 720 20264E9 H S HE TE MR L ¥ 2 MBI
REBoTHETH D MRS H SR B I DREI TR W,

PUE DR TIZEER L 2 HE T EAN D RANIE S5 T WiRw, —5, MIICHH
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