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Abstract

This is an explicit construction of the weak Fano 3-fold V' with del Pezzo
fibration of degree 5 which has the anti-canonical model V, the double covering
of P2, The 3-fold V has a flop V', which is also a weak Fano 3-fold with the
same type fibration. The model V has 43 double points, the images of flopping
curves in V. These 43 flopping curves are devided into three types: one of them
is the trisection of the del Pezzo fibration, 8 curves of them are the bisections,

and the rest 34 curves are the sections. This work is a part of the classification

[5] of smooth weak Fano 3-folds with D-type extremal ray.”

Introduction

This is the remaining part of the report [5] classifying smooth weak Fano 3-
folds with del Pezzo fibration. A projective 3-fold V' whose anti-canonical divisor
— Ky is nef and big is called a weak Fano 3-fold ([3]). Here a divisor D on V is
nef if (D,C) > 0 for any effective curve C in V, and D is big if it has a positive
self-intersection-number (D?) > 0. Let V be a projective 3-fold, and C a curve.
A surjective morphism 7 : V — C is a del Pezzo fibration of degree d if its general
fiber is a del Pezzo surface of degree d.

We construct a smooth weak Fano 3-fold V' with del Pezzo fibration of degree
5 whose anti-canonical model V is of degree (—KV)3 = 2. We have already seen
in [5] that there is a series of smooth weak Fano 3-folds with del Pezzo fibration
of degree 5, and that the series is composed of 11 weak Fano 3-folds whose anti-
canonical divisor has the self-intersection-number 2¢g, ¢ = 1,2,---,11. These
models constructed as the subbundle V' .C X — P! in [5]. Here we study one
of them more precisely, using an explicit representation by the bihomogeneous

coordinates system of X.
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The weak Fano 3-fold V'

In this section, we give the explicit representation of our weak Fano 3-fold V'
by using the bihomogeneous coordinates system of the P®-bundle containing V.

Let € be a locally free sheaf Op:1®? @ Op1(1)®* of rank 6 over P!, and let
m: X = P() — P! be the P5-bundle over P! associated to £. Let R =
Clzo, 21, Y2, Y3, Y4, Ys, to, t1] be the bihomogeneous coordinates ring of X with
bidegrees deg z; = (1,0), degy; = (1,—1), degt; = (0,1). Consider the subvariety
V' C X defined by the Pfaffian Pfaff(M) of the skew-symmetric matrix

0 g 9 2Z1+a b
—g 0 1 c zo+d
M= —xg - 0 Y2 Y3
—T1—a —C Y2 0 Ya
b —mo—d -y3 -~ 0

Here

g = goto® + gitots + gat1?
a = agty + a1ty

b =boto + b1ty

¢ =cotg + c1t1

d = doto + d1ty

are the bihomogeneous polynomials in y; and t; with degg = (1,2), dega =
degb = degc = degd = (1,1). If these polynominals are general, the variety V'
is smooth. Every fiber of 7 : V' — P! is defined by the Pfaffian Pfaff(M|;—,) for
7 € P!, whence 7 : V — P! is a del Pezzo fibration of degree 5. The subvariety
V C X is defined by the system of equations

fs = gy2 — xoc + z1(z1 + a)

fa=9y3 — zo(xo + d) + z1b

fs=gys— (@1 +a)(@o+d)+bc e (S)
f2=20ys — (21 + a)ys + by2

Ji=21ya — cys + (2o + d)y2
in the bihomogeneous corrdinates ring R, i.e., V = Proj R/(f1,---, f5)-

In order to see that V is a weak Fano 3-fold, we compute the anti-canonical
divisor —Ky and its intersection numbers, and deduce the nef-and-bigness for
—Ky.

The Picard group PicX is generated by the tautological bundle H and a fiber
Fof : X — P!, and the canonical divisor of X is Kx ~ —6H + 2F. Let
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‘/1 = (fl7f2’f3>7 Vé = (fl,f27f37y4)> Vé = (flaf29y4)v and V;l = (y2>y3ay4) be
subvarieties in X of dimension 3. Then we have Vi = VUV, and V3 = Vo, UV,

ie,V ~Vi—Vo~V;—(V3—Vy) in the Chow ring Chow(X) of X. The varieties
Vi, V3 and V are complete intersections, and
Vi~(Q2H —F)-(2H —F)-2H ~ 8H® — 8H?F,
Vs~(Q2H —-F)-(2H—-F)-(H—-F)~4H® — 8H?F,
Von(H—-F)-(H-F)-(H—-F)~ H3—-3H?F
in Chow(X), hence we have
V ~ 5H% — 3H?F.
Since the canonical divisor of V; is
Ky, ~ (Kx + (2H - F) + (2H — F) + 2H)|,, ~0
and the conductor Cy on V is V2|V ~ Hy — Fy, it follows that
—Ky ~ —(Ky, [V —Cy)~Hy — Fy.
Therefore, the self-intersection-number is
(—Kv)i, = (Hv - Fv)§,
= ((H—-F)3- (5H® —3H?F))x = 5(H®) x — 18(H°F)x
=20—-18=2>0.
Hence we have only to see the nefness of — Ky .

Let sp be the minimal section of 7 : X — P!, i.e., the section corresponding
to the exact sequence £ — Op:1 — 0, and let | be a line in any fiber of 7 :
X — P'. Let C C V be an irreducible curve with (C' - —Ky )y < 0. Every
effective curve C' in V is considered the effective curve C' = al + bsy in X for
some non-negative integers a and b. Then the intersection numbers with divisors
Hy and Fy are (C-Hy)y = (C-H)x =aand (C-Fy)y = (C-F)x =b, hence
(C-—=Ky)y =a—b < 0. The effectivity of C implies b > 0, and the restriction
morphism 7T’ c:C— P! is surjective. Let v : D — C be the normalization, and
let p=mov:D — Pl The inclusion D — X = P(£) determines the surjection
pE = v (r*€) = v*O(1) = Op(a). It follows from degu = (C - Fy)y = b
that 4*Op1(1) = Op(b), and hence the above surjection gives the surjection
0% ® Op(b)®* — Op(a). If b > a, then this surjection factors 0%? — Op(a).
It means that D is contained in P(O%®%) ¢ X = P(€), but this cannot occur
because V N P(O®?) = (). Thus we conclude that a = b and (C - —Ky )y = 0, in
other words, — Ky is nef.

Consequently, V' is the weak Fano 3-fold with del Pezzo fibration of degree 5.

81



Kiyohiko Takeuchi /A weak Fano 3-fold with del Pezzo fibration of degree 5

82

The anti-canonical model

As above, the weak Fano 3-fold V defined by (S) has the nef and big anti-
canonical divisor —Ky ~ Hy — Fy with (—KV)%, = 2. The anti-canonical
morphism ¢|_g,| : V — P3 is obtained by restricting the morphism ¢z_p :
P(§) — P3. Let V — V — P3 be the Stein factorization of ¢|_g, | : V — P?,
V the anti-canonical model of V. Tt follows from (—Ky)} = 2 that the anti-
canonical model V' — P3 is a double covering.

In this section, we will describe the anti-canonical model V' — P3 explicitly by
the homogeneous coordinates [ys : y3 : ys : y5) of P3. For the sake of convenience,
we set

A = yoy3 + ya2, A = ays — bys, B := cy3 — dyo,

® := Ay, + Bys, U := —Ays + By,

= (ad — be)ys + Aa + Bd, G := B®+ AV

and use the notation

(U, V) = uqv1 — 2uguz — 2uavy, and [pq] := poq1 — P190
for U = ugto? + uitots + uat1?, V. = voto? + vitoty + vat1?, p = poto + p1t1 and
g = qoto +q1t1. Then the defining equation of the branch locus ¥ of V — P3 can
be described by

D = A%(g,9) —2A(g, H) — 2(9,G) + (H, H) + 4([ad] — [bc])[AB].
Before confirming of this, we summarize the useful relations derived by the

straightforward calculation:

Lemma 1. Under the above setting and notation, we have
(1) ya® —ys¥ = AA, y2® + ya¥ = BA;
(2) Hyy =c® —a¥ — B%, Hys=d® — bl + A2,
Hy, = a® +d¥ — AB + (ad — be) A,
(3) Gyy = —¥? + B2A, Gys = 92 — A2A, Gyy = ®¥ + ABA.
Lemma 2. Let U = ugto? + uitot + ugti?, V. = voto? + vitots + vati?, W =

woto? + witet; + wat1?, p = poto + pit1, ¢ = qoto + qit1, T = roto + 1ty and
s = sotg + s1t1. Then

(1) U, V)= (V,U), (U+V,W) = (UW)+(V,W);

(2) [pd =—lapl," [+ a)r] = [pr] +[ar], in particular  [pp] = 0;
(3) (pg,rs) = —[prllas] — [ps]lar];

(4) (p*,rs) = —2[pr][ps], (g, ps) = [pq|[ps]-

Lemma 3. Under the above setting and notation, we have
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(1) [A®] = [ABlys, [B®]=—[ABlys, [AV]=[ABlys, [BY]=[AB]ys;
(2) [#¥] = [AB]A.

We now confirm the description for the branch locus, eliminating the variables

x; and t; in the defining equations (S). From two equations

fa=2oys — (r1 +a)ys +by2 =0 and

f1=21ys — cyz + (w0 + d)y2 = 0,
we have

ToA=® and z;A=1V.
Eliminating zy and x; in f5 by them, we have
fsA% = gys A? — ®cA + U (T + aA)
= gy A? — (B% + Hyz)A + (B?A — Gya) (by Lemma 1)
= (gA? — HA — G)ys,
and similarly we have
1A% = gyzA? — (D + dA) + UbA = (gA? — HA — Q)ys,
f3A? = gyo A? — (U + aA)(® + dA) + beA? = (gA% — HA — Gy,
by Lemma 1. Thus we obtain the following equation if (y2,y3,v4) # (0,0, 0):
F:=gA> - HA -G =0.
(It holds F = 0 trivially if (y2,ys,y4) = (0,0,0).) The polynomial F in y; and ¢;
is written by
F = Foto? + Fitoty + Fati?, Fy=gA? - HA-G; (i=0,1,2),
for the homogeneous polynominal F; of degree 5 in ys,---,ys. Since F is a
quadratic form in t;, the equation F' = 0 gives two values of [to : ¢;] for general
Yy =[y2:y3:ys:ys) € P2 ie., the anti-canonical model V is a double covering
of P3. The branch locus ¥ is defined by
D = (F\> — 4FyF,) /A% = 0.
Here D is a polynominal of degree 6 in y;’s as follows. Since
F\2 — 4FyFy
= (g1A?% — H1A — G1)? — 4(goA? — HoA — Go)(g2A% — HoA — Gs)
= A*(g12 — 49092) — 2A3(g1H1 — 2goH> — 292 Hp)
—2A2(g1 Gy — 290Ga — 292Go) + A?(H,* — 4HyH>)
+2A(H, Gy — 2HoGy — 2HGy) + (G412 — 4G Gy)
= A%(g,g) — 2A3{g, H) — 2A%(g,G) + A%(H,H) + 2A(H,G) + (G, G),
we have only to show that
2A(H,G) + (G, G)

has the factor A?. Easy calculation shows that
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(G,G) =4[AB]?A, (R1)

(H,G) = 2(AB]((lad) - p)A - [4B]). oo (R2)
Indeed, the relation (R1) is follows from

(G, @) = (B® + AU, BD + AU)

= (B®, B®) + 2(B®, AT) + (AT, AT)

= [B®]? — 2[BA|[®V] — 2[BU][®A] + [AT]? (by Lemma 2)
= ([ABlya)* - 2[BAJ[AB]A + 2[AB*ysy3 + ([ABlys)? (by Lemma 3)
= 4[ABJ?A.

It is more complicated for (R2). It follows from Lemmas 1, 2 and 3 that
(H,G)y2? = (Hy2, Gya) = (c® — a¥ — B?, —T¥? 4+ B2A)
= 2[c¥][®V] — 2[BY]? — 2([cB][®B] — [aB][¥B])A
= 2[c¥][AB]A — 2[AB]*y»* — 2([cB][ABlya + [aB][AB]ys)A
= 2[AB](~[cAJyz + [cBlys — [cBlys — [aBly2)A — 2[AB]?y5?
= 2[AB](—[calys + [cb]y2 — [aclys + [ad]y2)y2A — 2[AB]?y,”
= 2[4B](((ad) - [be])A ~ [AB] )2
and similarly
(H, G)ys? = 2(AB] (((ad] - [be))A — [AB] )ys?.
If yo # 0 or y3 # 0, we obtain (R2). The rest is the case y, = y3 = 0. In this
case, A = B = 0 and the both side of (R2) are also 0, hence the equality (R2)
holds. Thus we have
2A(H,G) + (G,G) = 4([ad] — [bc])[AB]A?
by (R1) and (R2), and therefore F}* — 4FyF, is divided by A2. Consequently, it
follows that
D = (F\®> — 4FyF,)/A?
= A%g,g9) — 2A(g, H) — 2(9,G) + (H, H) + 4([ad] — [bc])[AB].
and hence the branch locus of the double covering V' — P3 is the surface X of
degree 6 defined by D = 0.

We next represent the anticanonical model V' and the morphism V — V by
using the bihomogeneous coordinates rings. Let R = Clzo, 1, Y2, Y3, Y4, Y5, to, t1]
and Ry = R/(f1,---, fs5) be the bihomogeneous coordinates rings of X = P(€)
and V' C X, respectively. The anticanonical model V is the double cover of P3
branched along B = (D) C P2, and hence is written by w? — D in the weighted
homogeneous coordinates ring Rw = Clyz,ys, Y4, ¥s5; w] with degy; = 1 and
degw = 3, i.e, V = (w? — D) C Proj Ry = P(1%,3). The ring homomorphisms
0¥ : R = Ry /(w? — D) — Ry [}] defined by
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Y2 > Y2 Y2 > Y2
Y3 Y3 Y3 — Y3
# . # .
Po * YatrrYa P1° YarrYa
Ys = Ys Ys = Ys
w > (Flto -+ 2F2t1)/(t0A) w —(2F0t0 + Fltl)/(tlA)

are glued over RV[%, %], becouse (Fitg + 2Fat1)t: + (2Fpto + Fit1)to = 2F =0
on V; therefore they induce the morphism ¢ : V — V < P(1%4,3). (In the case
A =0, we can see that (Fyto+2F5t1)/to and (2Fpto+ Fitq)/t1 are factored by A
as in the after section constructing the flopped model.) This is an isomorphism
outside of the locus (Fp, Fy, F») whose inverse image has positive dimension. The

locus coincides with the set of flopping curves discussed in the next section.

The flopping curves

The morphism ¢|_g,,| : V — P? contracts the curves C' C V with (C-—Ky) =
0. Since these curves are in fibers of ¢|_g |, in order to find the curves C C V
with (C'- —Ky) = 0, we have only to find points in P? with positive dimensional
fibers of ¢|_f,|. Eliminating the variables zo and z; from the system (S) as in
the previous section, we have the system of equations in the four variables s,
y3, ¥4 and ys. The solutions independent of the value [to : t1] are related to the

points with positive dimensional fibers. We treat into two cases.

Case (1). We treat the case A = 0. In this case, there is the special subcase
Yo = y3 = ys = 0 corresponding to the point P = [0:0:0: 1] € P3. The fiber v
over P is the curve defined by

fs = —woc®ys + z1(x1 +aBys) =0

fa=—xo(zo + d®ys) + 2,60 ys =0

fz=—(z1 +aB®ys)(zo + dPys) + b cBlys2 = 0
in the sub-P2-bundle P(0®2 @ O(1)) — P! of 7 : X — P'. Here a(®, b®), c(®)
and d® are the coefficients of y5 in the polynomials a, b, ¢ and d, respectively.
Generality of these polynomials implies that  is irreducible. Since v = 3l + 3sg
in the P2-bundle, hence in V C X, the curve + is the trisection of 7 : V — P?
with (v —Ky) =0.

Next consider the other case, i.e., the case A = 0 but y; # 0 or ys # 0.
As in the previous section, we have A = ® = ¥ = 0 from f, = f; = 0, the

system of equations in the variables y; and ¢;. We have only to find the values
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Yi, independent of the ratio [ty : ¢1], satisfying the system. These values satisfy
A=0y=0, =Ty=0T,=0, .. (S3)
where ®;, U; are the coefficients of ¢; in ®, U. Let Q C P? be the singular
quadric surface defined by A = 0, and Q — Q the minimal resolution of Q.
Then Q is the Hirzebruch surface P(O® O(2)) — P! with the minimal section
o, (02)5 = —2. The above special point P is nothing but the vertex of Q. Let
Ci C Q be the intersection curve with the surface defined by ®; = ¥; = 0,
and let 6’1 - (Q be the strict transforms of C;. The curves Cy and C; meet at
P € Q, but the generality of the polynominals a, b, ¢, and d implies that 6'0
and C; does not meet on the minimal section o C Q Locally calculation gives
Ci ~3(2f+0)— (f+20) =5f+0 on Q, where f is a fiber of P(O®O(2)) — PL.
We have (C; - 52)5 =((6f+ 0)2)6 = 10 — 2 = 8, whence, except for the point
P € Q C P3, there are 8 points on Q with positive dimensional fiber of O—Ky|-
The fiber over the point 7 = [y : - - - : 5] of them is the curve defined by
{ fs = g(mm2y® — zoc(n)y + z1(z1 + a(n)y) =0
fo=@1ma — c(n)nzy + (w0 + d(n)y)n2 = 0

in the sub-P2-bundle of X = P(€) corresponding to the value 7, isomorphic to
P(O®2 @ O(1)) with the bihomogeneous coordinate system [zg : z1; y] X [to : t1].
Here a(n),---,g(n) mean the evaluations of a,---,g by n = [2 : --- : 5]. (This
representation of the fiber is in the case 7y # 0. It is similar in the case 73 # 0.)
The curve is irreducible, because a, b, ¢, d and g are general (b appears in the
case 13 # 0). This is the bisection in P(O®? @ O(1)) — P!. Consequently, there

are 8 bisections 71,---,7s of m: V — P!, contracted by ¢|_x,|.

Case (2). In the case A # 0, we have the following equation in the variables y;

and t;:

F=gA?-HA-G=0
with H = (ad — bc)ys + Aa + Bd and G = B® + AU. The values y = [y : 3 :
ys - y5) € P3 independent of the ratio [ty : 1] are given by

Fo=F=F,=0, (S4)
where F; = g;A? — H;A — G; is the coefficient of #;t;2~* in F. Since each F, is
the homogeneous polynomial of degree 5 in y;, the system (S4) has 125 solutions
counted with the multiplicity. We first show that each value found in Case (1)
satisfies also (S4). Since F; belongs to the ideal (y2,y3,v4)® C Clya,¥3, Ya, ¥s)
but does not to (y2,ys,y4)*, the system (S4) has zero with multiplicity 27 at
P =10:0:0:1]. The solution = [n2 : - : 75] of (S3) except P satisfies that

M2 # 0 or n3 # 0. Lemma 1 implies that
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Fyy = gyaA2 — (¢® — a¥ — B?)A — (—¥? + B%A)
= gy A% — (c® — aV)A + T2, and
Fys = gysA2 — (d® — bT + A2)A — (92 — A%A)
= gysA? — (d® — bU)A — @2
Since A, ® and ¥ are simple zero at 7, the polynomial F' has zeros at n with
multiplicity two for any [to : t1]. Hence the system (S4) has zero with multiplicity
8 at each 7, the solution of (S3) except P. Therefore, the number of the solutions
of (S4) counted with the multiplicity, which does not satisfy (S3), is 125 — 27 —
8 x 8 = 34. For the general coefficients of a, b, ¢, d and g, these 34 roots have the
simple multiplicity. (For example, we can check the simplicity of these roots in
the case f = 2ysto? + (y2 — 3y3 — 4ya — 9ys)tots — (y3+2ys)t1”, a = (—y2 +ys)t1,
b= (y2 + Y3 + 2ys + ys)to — Yst1, ¢ = (—y2 + Y3 + ya + ys)to + y2t1 and d =
2(ys + ys)to + yst1.) For each ¢ = [(2 : --- : (5] of these simple roots, the fiber
over ¢ € P3 is the curve defined by
20Cs — (21 +a(Q)y)G +0(C) ¢y =0

f2
{ f1 =218 — c(€)Csy + (w0 +d(Q)y)C2 =0
in the sub-P2-bundle of X corresponding to ¢, isomorphic to P(O®2@O(1)) with

Il

the bihomogeneous coordinate system [zo : Z1;y] X [to : t1]. Here a((),- -+, d(¢)
are the evaluations of a,---,d by ¢ = [(2 : --- : (5]. This curve is a section of
w:V — PL

Summing up the argument above, one has that there exist 43 flopping curves
on V, and that one of them is a trisection 7, 8 of them are bisections 71, - -, 7g,
and the rest are sections o1, -, 034 of 7:V — PL.

The flopped model

We last construct the flop V't of the Fano 3-fold V' concretely. The 3-fold
V C X = P(£) is defined by the system of equations (S). The polynominal F' =
gA? — HA — G eliminating x¢ and z1 is of bidegree (5,2) in Cly2, Y3, Ya, Ys, to, t1),
ie., F = Foto? + Fitots + Fat1?.

Let RT = Clz0, 21,2, Y3, Y1, Y, S0, $1] with degz; = (1,0), degy; = (1,-1),
degs; = (0,1) be the bihomogeneous coordinates ring of the projective space
bundle X+t = P(£T), £F = 092 @ O(1)®* = £. We consider the following

system of equations (S™):

87



Kiyohiko Takeuchi /A weak Fano 3-fold with del Pezzo fibration of degree 5

[ =gtys — 20et + 21(z1 + at)

fF=g%ys — 20(20 + dT) + z bt

f§r=g+y4—(21 +at)(zo+dt) +btet (sH)
fo = z00s — (21 +a™)yz + bTy,

i =zya — ctys + (20 + d*)ys

with
9" = goso® + g15051 + g251°
at =apsy + aisy

bt =bysg + bysy

ct =cgsp + c151

dt = doSo + d151

and let V¥ C X be the variety defined by (S*), i.e., V* = Proj RY/(ffF, -, fH).
Let xf CRY(fS f) = RI(f e ) -] (4 = 0,1) be the ring homomor-

phism defined as follows:

20 = (2o Fa + poto) /to? 20 = (2o Fo + @1t1) /112
21 = (21 F + voto) /to? 21 = (1 Fy + P1t1) /12
Y2 = Y2 Y2 =2
X#I Y3 — Ys bei Y3 ys
Ya =Yg Ya > Ya
Ys = Ys Ys = Ys
so = —Fy/tg so > (Foto + Fity)/t2
81— (Fito + Futy)/to? s1= —Fy/ty
Here
= (=2®og2 + ®191) A~ (—2®¢H, + &1 H;) + 2[AB]A;,
= (—2%og2 + U191)A— (—2UH, + V,H,) - 2[AB]B;y,
= (—2®190 + Pog1) A— (—2®1 Hy + ®oH;) — 2[AB] Ay,
¢ = (—2¥190 + Yog1)A— (—2¥1 Hy + UoHy) + 2[AB]By.
Since
200Gy — P1G4

=2®0(A1Y; + B1®;) — D1 (Ag¥; + AT + By®; + B;1®y)
= [PA]V; + [®V]A; + [@B]®,
—[AB]¥1ys + [AB]AA; + [AB]®1y,
= 2[ABJA; A
and similarly
20:Go — &Gy = —2[AB]4pA

by Lemmas 1 and 3, we have
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(w0 F> + poto) Aty ?
= ®Lht12 + poAtoty?
= ®Fot1? + (—2®0(Fo + Ga) + @1 (F1 + G1) + 2[AB]A; A)tgt,?
= ((Poto+P1t1)Fo—2P0 Foto+®1 Fito)t12— (280 Ga—®1G1—2[AB] A1 A)tot,
= (=®oFatots + @1 (Fitoty + Fat1?))t
—(PoFot1 + @1 Foto)tots
and similarly
(woFy + p1t1)Aty? = —(DoFaty + @1 Foto)tots
modulo (f1, -+, f5). The similar calculation also gives (w1 Fh + votg)At;2 =
(21 Fy+1t1)Ato? modulo (fy,- - -, f5), therefore the ring homomorphisms XZ)# and
Xfé glue over R/(f1, -, f5)[~ 2o tl] and induce the rational map x : V--- — VT,
This map is an isomorphism outside of Fy = F; = F5 = 0 which is nothing but
the set of flopping curves.

By symmetry, the variety V* is a smooth weak Fano 3-fold with del Pezzo
fibration of degree 5: V* C P(£') — P!, and has the parallel properties to
the original weak Fano 3-fold V C P(€) — P!. In particular, the anticanonical
model is the same to V, and the flop x : V--- — V7T is obtained by extending

the involution map of the double cover V — P3.

I Result
Consequently, we have the following diagram of varieties and birational maps:
{v: 715+, 78,01, -, 034} : flopping curves
I
F(02,1=XD>V>C «— — — = CTcVtcCc Xt =F(0%1%

at

T

In this diagram, V is the weak Fano 3-fold with del Pezzo fibration of degree
5 of (—Kvy)? = 2; the variety V is the anti-canonical model of V, which is the
double cover of P3 branched sextic surface B = (D); the subset C C V is the

7

P3 > B : branch locus P!

union of flopping curves which consists of a trisection, 8 bisections and 34 sections
of 7: V — P!y and the flop VT of V is also the weak Fano 3-fold with the same
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property to V.
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