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Conmler all (rreducable ham local 494remqg on t{"\lo,l,.oj that wpport
a tahonal Variaton of Hedge Struehure (VHS) with Hodge vector (LLLY

1)t mv\é’? 47 caps .
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1) A- Arethey aqrouaked to 4-parameter famlied of Jtolde-?  Yeq, eonttructive

3) B Analyze gomekcy and artthmetio at, t=1 (conifold Pt
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0) Backgrond and Hettvation X!
hgm over &

V\)/l 0(:(0(“.. ) » r?- (r?l:'-o:rﬂn) Mmuih ety °'F l‘ahonal hvmberd-.
n h

the ham operator H=H(x,p)= T (Pepi-1) - t T (P+w)
=1 L=

< ' =td
( a coodinale on P, D s )

o chfferentpl operator With reguiar a-mJulanl-(-m- at t=01,0.

the local 4yttem H of SIhs to H-2=-0 10 a wmplex local ¢y4tem of mnkc h on | = lP‘\[o,(,ooJ
hgm local 4y4temd on WU,

£: (U, to) = 6Ln(C) the monodeomy repreqentation.

hi:= p(4:) Local monodromy at foxertiea .
go 9 4) chaactenshe. tolynomals of by and hw ere

10,'['[:‘ (x-bim,'h) q,os-ﬁ- (K_CZm-Nj)
oo J=1 J=l

2) h1 4 a pevdorefiection Le. rk(m-1d)=4
J=31 =1
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Irveduarble cage. \

H (ore) 18 rreveible & Vi, T€..on] x-p1 £X

¢ 2 fepredentahon CL: (U, to) — 6Ln (C)

-1
(leelt) g5 o Mo Companioh Matneey of 90

9o = Me Qw0

L. Y to wmorehiam, 19 kbermined by o, o3 mod T (rigad )

A)
Mo, Mo 22 m GLn(E)> EcC nbfield genomled &y ooEfheienty of Gor oo ”H-l (ofe) defined over E.

Convenient, format to encodg, the isomorehusm Cless of 1 :  &(x) = g (x) € E(x) "Famly parameler »
qo(x)

H nduwlieg o 4 parameter Jamly of irredveable metbived H(L). Katz, 20%

n
H 1% MetE of " fne vanation of cohomolegy of X¢ ,te@P%

hgm fnchon ag Euler Inleqmad.
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1 Pr=1 for gome L,
2 @)k - (dn)e

e hgm fnetion F(wipit):= k& o i
=0 k n)%

" Solveq H(d,[‘:) -0 =Q.

EXAMPLES.
0 °(=(|/2, V.Z), P=(|Jl> F(dlp;b) = Z-'o (2: )2 (:ll_;é)l<
K=
q(x) = (T41)? =5In§ V> : il
! x(-x)(x-t)

a teriod of the famly Tt : y?= x(1-%) (x-t) (Le:wd»ro)

o 0(=(}§";’5'9/5'?5> P=(‘>|:|;‘) F(o(’[?’t) = éo @L (E )K

K|S X

R(K) = T44TI+T24T+I = a period of the mircor quinbic :(am.l;z

(T-04




rgtnet to €= (e qu,qo are T of Qrlotomic prynomala ) A3 the Cxampted- ¢

then::
o (Corti-Golher > fedorov)
H wpports & mbeal VHS (fre) Whote fodde weght W' and numbesd hitd

tan be Compled combinetonally from ohppy (i lecior h=(n¥G, ..., ho¥)

' ' tractadl
Ohly dependd on mlerlaing, of e Wy, ¢ 2™ 7] on <t ¢

(+bromd )
o Tiotenouy traced. folynomal .. of HIt) ore guren by exqpicit fomulag n A7

('Re Robert3 - Rodrignes Vc“c.a,ag. w22) .

Naru@l sestionsS.
n we cosity all 1 with g ghen Hoge vettor ?

gven M o werght W, dots & ande from a family %t of varetied of dm w7

o to Womorphugm oips € o) -
qrto pllbacks by ¢ 6 = Yp 4*H > H(Pik)  one only tetween (o) and ({4 )



ZfQ'Zag d«‘aaram .cR2 - (o.a. i, Robertd - Rodriguer V‘I(e_a_aa. 022 ) .

4) order the parameterd oes 3

2) dowa pt (0.0) n B2 Oorreapmdmg to the gmalleat parameter

3) broceed left to (ight , howing @ pt m R2 ¥ parametesy
Moving yowardd ofler o, down wardd afer (27 -

Verncol Qddinate reapOing fo the foometer G “IBvel of G+ B(C) -
W= max p-lotg) = Min @iy ) = max p(pa) - min p(f)
h  formed 44 % of F3 on kevels between the maximom and the minimum

€AY t0 SE6 that :
0 Compile ilertwining of o, p7  qued Hodge veetor (n)

o Compiele &epOrahon °[_ o, l‘7] Q‘VCG Ha#e \ector (lJl)l:-- Sl -




"({: Pl.':’l for gome Ls

e hgm fnetion F(«,pit):= £

EXAMPLES.

° (0(=('/1:V.z), k=(1,1)

Q) = ()’
(T-1)2

Y= (=272, Li,L,1)

&K(K) = TA4TI+ T2+ T+

(T-04
Y= (-5:LbuLY
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e
(1 ) (*n e o lsdheg H(*e[")')"=0.
k=0 ("I)k, (t:n)K,
Flapit) = é: 2k )2 ('f? iy 2 o W=l
kK=0 Kk Té) 1 o l\=(|)|)
o @
= | 1 .
20 < Vx(-x)(x-b)
a RflOd ’F ‘U\& -fa.ml'g, Et : a?. x('-x) (X't}
(5k)! (i:_ )"
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We hmler H dofined over & wth h=(LLLL) (MK 4, w2 kiﬂ:l)

REASON §
o frat W0l atler h=(11) (uhch cmeaponds o dlphe trtaces)

o the wbcalt o= (r-0* (= ho 19 a single Jordan liocke)  physics : MUM at t=0.
Qo arhitiary degq prodvet of eyclotawic pdynomiald > Wt o factor (T-4 )

14 cageS (MUM“ (ates )

A. Comregpond to famlied of LY 2foldd , piayan mportant role in MS-
(Gandelog -dehOsm-Green-Parkcd 1 Batyrey-wn Stmben. , Doran-Morgan , - )

B. Conifold ptg gne rige o makiar formy- of wedht 4
(Kclbwrrv, Me.('.arel»\] , You, --)

In total (tp fo somorehigm and pullback by t > V¢ ) 47 cases .
We ark pame questions (A v ) -

\6



@ CLASSIFICATION :

n® || a ~yred D | f E
4 MUM cafes Ul anny [een® 1 |84aa | 1
2 | (333 3%) (-3,-22,17) 12 | 36.4.aa | —3
3 || (93 3) (—4,-2,1°) 8 |16.4.a.a | —4
4 || (5:3:3:8) (—6,-2,1%,3) 1 | 724ab | -3
5 || (35%3%) (—32,19) 1 |274.aa 1
6 ||| (5522 (—4,-3,15,2) 24 | 9.4.a.a 12
7 (3,322 (—6,1%,2) 12 | 108.4.a.a | 1
8 || (3.5 1) (—42,14,2%) 1 |324.aa
9 || (31,39 (—6,—4,1%,22,3) | 8 | 144.4.af | 12
10 | (3,3.2,2) (—6%.1%,22,3%) 1 |2164.ac | 1
11 | (3,23,8,%) (—5,15) 5 | 25.4.a.b 5
12 | (3,.2,3. ) (—8,14,4) 8 |128.4.ab| 1
13 || (35, 15> 5 15) | (—10,13,2,5) 1 |2004af | 5
14 | (55130 13) | (—12,-2,14,4,6) | 1 | 864.4aa | 1

Table 1: The 14 MUM cases. We omit 3 = (0,0,0,0).

pef. H hgm 0cal 494tom atrocialed to Wi(2 . " the total twmat of W1 7 -
the ham loeal gyetem, 1 atweared fo dif o= Wt Vg, Pi=put

Note. +f H 19 ineshoible, the total fwmat operaher 18 an wluhon, .
£H &Foer®, Wi H,and h=h.
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Table 2: The 33 cases without a MUM point. We write n (m) to indicate that the case n is

the total twist of a previous case m.



@ GOAL AS familiey of % foldg-- \g

damma vectord and Agrouated PaIry

H defined aver &

Qx) = Tﬁ_ (xiwl _l)-m'gn(n.) "

=l
for & mulhdet, §:= (g12-->62) of 1o 2eq.inleqery wikh Eero Jum . “a gamma vekof 4

entried cannot ol be d In pairg of mkeaerq of dponie M. Loott bacle a4t Wwhat
. 8{0{6'3 pa ‘3‘? 0 W T ( b« 19 (n the ¢Xampley
¢4 (30 yeas (-31,2,1,1) Jeu> (-Z,NA) No . Sk pake 4 :

”A daMWl veetor ¥ Corredpond ¢ fo I'H“ b dah9teq K.

if = (%02 ¥¢) tomerpods to H , io dotg ¥W< (4. 5=yt ),
bt 3! Tm& With no pair of lmega’} 'avmmm& to Q. for the 47 cantd, we Urt Hum m the tadle .

¥ omeqponda to H, then § + Yeplacs ol Y with (2h-i)  ComreRpondd fo I
Wegl § the toal twiet of 5. | genam| § £ Yred



Awme 9id (> ---,BL) <| ( for vs gt 4abehea thua ) o

d=L-3
The pair associatedt to v 19 (2.TT) where. &= ({_f A =0) < e
l =l R~ homogemeovs Coord
Cx a4 T
k=2-2
1t defineg the 1par farmln_ 2t = [ Sioac=0 c T~ Zt st £l , 9mocth
Beviers-Cohen-Melrt ‘15 RY = & Ty 21 a inque OPP
Corti - GolyShev: /(9
Al
w W k.
EXPECTATION . H~ g RETyl C * qrk He(2e,C)

Thm (Abdeltaoof. 6)  4f the loool monpdromy a4 of T 19 not tavial , then ¢ holdg .



chfferent presentohong, 7tone madelS” \
d=0-2 , exe matnix,. A=( Li.. .l A - firet €1 towd 4pan ker T4 Z

My me (k
: SN N1,
i it [ e) "% Ykl

ki .. ke
my:= My €2 ™ fove with coordinaley X, --- , U a odmare on X
va, 2 - UK xM3
d .
L ( £ ok am) o TeCx |, T-uw/ Ty
T=|
v @ formulaf for Hodge #§ Comeide
however, In geneol W< = 6-3 Can We reduce Umenqrion 7
(]

In or case. W<K=¢-7 evarytime £76.



Example 2. Consider case 28 in table 2| The vector v*¢ has length [ = 10, thus the pair (Z, 7) is
a one-parameter family of 7-folds. We construct a toric model for (Z, ).

We can choose M as: r"-_-( -4 4 <l A=l 2212 3 )
1\

(matric with X X

colymng Eht ""J'}

]

OO O OO O O O
O = = = O O O =
|
—_
O M=M= O O == O
_ o O = O O O O
OO OO DO O
_ o O O O O o O

OO OO+ OO O

S OO O o O
SO R O OO OO

—1

L

and x = (0,0,0,0,041,0,0,0,0). We obtain the hypersurface:

r5lgl i 1
(1_|_ ST6TT 1 —|—g;2:1:5:1:6:1:7—|—3:3+J.L334+x5x8—|—:136+337+—:O>CTSXCX
T1 ToX3T4X8 v L3

with the projection onto u/ Mg, where My = —27/4.



CTHEOREMA(G="RYY) forench arge, 3 (Yo w) family of afiine Foldd 4t - 3

are BTl G L g R @
1talewire - qre H‘E(zt'a)i_; 4T3 H’e(\it'_@}

How ?
1art 4mm (Q':TC) amc{a}ed to ~6fe¢l

apply a rnge of HAmenhon reduehon techniqveq-

o ety BoMYchmqre:  (Bovictrd ohon - ML 15 finbe ypeeomnne Snctont , §6)
When ~gey0u... 0y, 4d(§3)=1, then onother mel @ (Yiw)=(Zox-- k%5, o - TUs)

o WV\G toﬂb Wus.)
Lxplain geomebne and Halge- theorehe telahon between (2:T) & (Yw)

exiend the fcchniqe fo ion of arbitiary gomma vectors
assooate a par (3.10) to an arbrary §oMmMa Veetofl

¢ Wiopret B i ermS of dovble CaerS of the pair (2TT) assoraked to a Jamma vettol 7§ for $1.



@ GOALB : t=I. \I4

FEoMETRY -
Fact . 4f w 19 0dd, then P had dterminant 4.

hy = ( L ) @ I, (weworetiechon +det=14)

0 l rt(hl‘IJ)::l
V¢ C4 imvananty had dim 9.
mongromy hleration = &8
OSW.(,EW9=\/ 0= gV=W=> Vv =93\ =Ws/wy 20 K

dmWy =1 dm WaAvy =2

We mietfret g i lermS of :

ol=2n 1
(&.TT) parr assoCialed 0 - 2 & D E=(m1)unt quadne gwen by
. blou-(p 47 o[ xT ) 4
Z1=(F(>T¥H=0) e T e R LI &
£ 7 3 p T

* Heanan o *
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Y, Vs
ll'l (QC['» JI ‘l' *1

frgt talls & C V' 4mooth, relatnvene, ) Vi

\[5

middde Cohomology K221 (Q) genorated b4 the L1viings of &, Le. familieg 2 and 2o of
od h Lnear wbipacey o Pl
J, “L== differente , Aum of the 2 nvings . Cq.

{:EZL__D% heloon . Then: 44Q=0 1*Hm'l(\7:) Pnb) 9. Jo you 2¢t €.€-9:

9 HW-Y ('\Z)—a H-1 (&) - H2n-l(\l/\],62)—9 {-}m—l(\‘;;)_; Ho-((Q)— - -
0 - @(-(n-l)) = Hn-( (—{/,) — HQ"—I(\‘}'[).,\ 0
1 1
0 I @(n-0) - HUi(z) > kM1 (%) 50

matchey W i to a Take twidt b9 n-2.



ARITHMETIC \16

L-serichr of H,('I) Cuter factor fof 0004 med o ( MAGMA Gompvled Hud )

(T)= (1-9(p)pT) - (1-apT + p3 -rz)

qva:rahb characker «an'ec{'vralla the pth @€ feent °f @
Weight 2 modular form f of weight 4.
@ @
Reqvle ¢ T
@ g coresponds t0 quadrahe EXension F/@ dlermind & \l(-'l),z "[T‘m a— l;th:i: L
we Inkerret tg n termd of 9. 7

¢
Hetnan W hay dot (W) = - T W'-
1

fra. mxm Wmmebne matnx A,
m(m4)
m‘«,kul ddonminant, A= (-1) Tz A



d=2n even. for (2-2)ume quadnc (XTAX=0) « ®N-I /F \R
Peld of def of 2 rulings 2t & 79 (and % of 3=21-2.) 19 :
K:= F(chrcA )=F( N(-1)" et A )

lh our case

F=0, and thv quadrahe ext yven b'a d 3 k'—‘@(vm)/@,
the feld of defintion of J

We (194
@ tntfiel modular formg £ 4y wmpvtln& aT,‘a hume",‘(\ﬁ“‘] + LnFpg. (ML{?:{:H)
Ih Q91¢

@ finike hypergeo metne v agouated bo H(t )
Hie) © % 8 e

I :
charocter assomated to quasraht feld Bt delermimed by \l 9)% Tl'zs.‘mt
(we vt theze n the {—a!,(e/)

.

£






