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Criteria for the existence of a plane model with two Galois points for algebraic curves
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199 64F, HFRAFRKIIAEEYTZAT Galois point OBESEEA LT, CEIEE p > 0DAREEAE k_EOBEE
FITEAEERE L, /A P € P2DBORE 1p:C - P Q » PQEEX D, Z2 T, PQIFRLD 25 P, Q%H
SEBEFT, 1 IHRET DEHIARDNIK k(C) /mpk (P23 Galois Tihb & &, P% CDGalois point &VV9,
Galois point PA3 C DFERERR (resp. KRR, C LD/, CITEENRV R ThDH & E, P4 smooth Galois point
(resp. non—smooth Galois point. inner Galois point. outer Galois point) &V 9,

Galois point DEEHICIVNT, 2-2LLED Galois point % b D FHEBROBEEMEIGTHEESN TE /-, FE, 2
0 1 35T, HHFUR, =IHUR, ARHIERAR, IREMKOERNCE Y. 2-2LLED Galois point & H-OFERFR
HEERSTERIZ A SN, ERR L RS IRERE, EBR(#E inner Galois point % H-O>HHHHROD/FEL
1To77 EBRED outer Galois point DHAETE. TRERIZL W HENG X bV, F7-. 22LIED Galois point
ZH O, EFICREVECRERE O LMD D, IOIT, AEAEAR L Galois point DESED
RARPEA MR STV, Hermitian REERRCBallicoHefez HifHE, SIS EHOAELAECE L Galois point A&
DT 2L HIRBITHY . ZHEOFERNS LU WEEZ S SR h MR S5,

201 64, FEERIT FERFEFZIROFE N P2 ~OREEEOIAL T, (ZOBHHRDY) smooth Galois
point % 206 2k% 9 R bDOIFHET DTcODUENHEE 25270, ZOHERT BCRPEEL TOfERO
BLE)> smooth Galois point & 2% DHEET LVAMFIET B I2OONEEA 54w 5wal ZRek L TG, 20
HIEEZ VT, EEK, sk, 25125V . smooth Galois point % 2 2% DNEHHEROET- 7o) MRk S
Nl ZOHEEIES T BLATNE, smooth Galois point & 2-2bH2 X 9 72 HHEHEHROFNL 7 & A 73BT
WDDIHTIH-T,

AEAGRCTL, RGO HEEOREHRRIS LU\ non—smooth Galois point ~0 2->D—xf bz FITHLY
Ho, ZD2o0—WYUE, FNFNEIELFAECHRIASND, 5FEITBT, Giulietti-Korchmaros HifR
BT ARERIZ oW T hil 5, Giulietti—Korchmaros BififiE, smooth Galois point, non—smooth Galois point
2OTh 208l B b OEERFITH D,

AT, BEOEMIPNRITOWCIIAT 5, 5 22 CI3REihiR & 2 ORBEIR ZBEd 2 BRI VT
N5, L0 EMNE. $EROER, RiemannHurwitz OZMEAT, Galois #EEDEAMEEIZONWTIRAN D, 5
2EORETIL, TEEROHEEEIOW TGRS, ZhbOfERE, HERAE ToOICHV B,

% 32O, smooth Galois point & 204 >YmAER (DOIFERET /L) ORI S L, TREROHEIERE
%, TREROHERCR T, BERBEFEDMERT2 X 5 20 AIRES 25 2 5 Z LN EE Th D,
SRS HBEEESRC, Weisrstrass point OEESZE AN THTZ2BIMER ST, L LR, —fRIZZED
X O 7B A TREE A AT TR ET D Z LITIIREE o7, ZOfifR & LT, [FEFRRAHR X3 smooth Galois
point % 2 OL DFEET VA B2, LW HIMEED S DEMREIEE H c Aut(X) (X DPEHEHR X /H AT 2]
VIO BRBROERA TN, FIETILIOBREBGATIEDS 6725 —HkE LT, X7% smooth Galois
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point % 2 Db DVEIET /LA bRV G LA TE 2 C. BEROHEEE T2, WAL LT, &
FHR(EERROEED) HasseWeil HRRICEET 2 I 5 2B IR EiEZR SN T-(REuhi offil & U TabHh g,
Giulietti-Korchmiros M2 Skabelund (17 > THERL S37z) MR 236 L, smooth Galois point % 2-0%-D87
T e BIEAERT D,

B ABETIL, norsmooth Galois point OESRATIIZER FIAATL, BRBROHIEEO—IILEITS, ZIVETD
Galois point BFEEIZE3V YT, non—smooth Galois point % 2-oLL EH-ok 9 A SEmiEooil 3T R S b,
{i%1L, Ballico-Hefez M, &% H OB, Giulietti—Korchmaros B (DYHEET /L) . (g3, g?)Frobenius
nonclassical Hifft, Artin-Schreier-Mumford BRER72ERH D, LL7en s, T bHOFSFETINT non-smooth
Galois point ZF~E 9 & LicbOTIIARV Y, EREAIRIL, 288 P& &-0%H b kil CIEHR L, P73Galois
point THD & XD COEZRFERARE LT, FENMBIRY . Z W T non-smooth Galois point (ZHERZ
LTI ME—DIFTTH D, FA4ETIE, BTEEROHEEE (hon-smooth Galois point DR ZEDT) T-TDH
AIHBET 5, £77. inner Galois point % 2-2>%->YAEMHE TR LT, Galois point | Z3st AEMFERC, order
sequence % Galois BEOIERA Vv CEERIENRT 2, &5, 2 OHOEY PUIEAT 5, Ziucz Y, non-
smooth Galois point % 2> >EEETRIROEIE 3-05% ., BHEE. order sequence ZEHET 3,

3 EZB T, Giulietti-Korchmaros HEROERETEF /LM smooth Galois point & 2-0LLEH D& WWHEE
ERIAL. FEd#RAE % % Z & Csmooth Galois point & 2- Db DFT2BAMELI T D, FleZOFEET /L
13, nomsmooth Galois point © 2-2LA -0, Z4U6 Giulietti—Korchmaros BRROERETT /MBS A3E
5B TRAS Giulietti-Korchmaros RO Galois line BEBEOHSEIZESL, Eff 1 < PP, ZEfildfE ¢ < p3
IS LT, R TROOHE m: € - PIASEET B BRI k(C)/mk(PY) A Calois Thd & X, 1%
R C D Galois line V9, ZOHESIT. Galois point &0 —x b U TERKIZ L VEA SN, FHEEK,
Cristina Duyaguit B, @IROCRIEIZ L - C, ZEBeH iR Galois EAFERE D TR GV, 88 5 BT Glul ietti-
Korchmaros B Galois line BUEAE L. FOhE & U CHEETT VD Galois point BREZIRIET D,
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Criteria for the existence of a plane model with two Galois points for algebraic curves

Let k be an algebraically closed field of characteristic p = 0. In 1996, Hisao
Yoshihara introduced the notion of Galois points. A point P € P? is called a Galois
point for a curve C ¢ P? if the field extension k(C)/mpk(P!) induced by the
projection Tp with the center P is Galois. A Galois point P is called a smooth Galois
point (resp. a non—smooth Galois point, an inner Galois point) if P is a smooth point
of C (resp. a singular point of C, a point contained in C).

In the theory of Galois points, plane curves with two or more Galois points are
important. In 2016, Satoru Fukasawa presented a criterion for the existence of a
birational embedding of a smooth projective curve into P2 with two smooth Galois
points. By this criterion, new examples of plane curves with two smooth Galois points
were obtained.

In Chapter 2, we recall the basic notion and facts about algebraic curves and their
function fields. Fukasawa’s criteria are described at the end of Chapter 2.

In Chapter 3, a generalization of Fukasawa's criterion by focusing on a quotient curve

of a plane curve with two smooth Galois points is presented. We apply this result to
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the Giulietti—Korchmaros (GK) curve and the curves constructed by Skabelund, and
present new examples of plane curves with two smooth Galois points using these curves

In Chapter 4, Fukasawa’s criterion is extended to all cases with two (possibly non-
smooth) Galois points. For a plane curve with two inner Galois points, multiplicities
and order sequences at Galois points are also described in detail. As applications of
these results, three examples of plane rational curves with two non—smooth Galois
points are presented.

The GK curve is an important example with many smooth Galois points and non—smooth
Galois points. In Chapter 5, the arrangement of all Galois lines for the GK curve is
determined. The notion of Galois lines for a curve C € P3 is a generalization of the
notion of Galois points. As an application, the arrangement of all Galois points for

the GK curve is determined.
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Criteria for the existence of a plane model with two Galois points for algebraic curves
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RENFHX DT —< T HFRARKIC L Y EA ST Galois point (ICBT 2 b0 THD: HEFmih#iCc oL, ¥
EWN DR P FLDEFE D FHE S 5 BEROPLRD Galois ThHD L X, P% C D Galois point VW9 . AKEHILTIX ME
HBHIKIC L 5, Galois point & 2 b OWMEE T MHEOHIER] (T, HEE) © 2 HEO—BIKIC VTR~
NTNW5D., SHICEETAHERE LT Giulietti-Korchmaros #ifit (AT, GK Biffg) @ Galois line BEEIZ DWW TR~
BNTNWD. LU EOZMTHIREIL S, 4, 5 ZBTHRARAGNTWS, H1EIEEDA L badrvarThy, H2ET
(X 3 ELUBOREREEH T 5 OICHEL Tz BH L V5. ’

H—D—M(bix TRgfif~D—fi{k) THY, 3 ETHRALNTWA. Galois point % 2 2 b DiHROFEEhHRA
B Galois point & 2 Db D& W R EH—HNZH 5 R TOHEED —RILICHEII LTV D, BIOHRIC, 3%
BAFZIISH DB 5, BRE#REFANCWS, 55 HCHENEH S D K ffR KR OEE 2 F & L CERAn
SNTWS., ZOfBRT—b SN TZHEED BWVERE L > TWna, F _0O—f%{kix non-smooth Galois point
~D—fEk] THY, FEAETHRRISENTWD, T OFZETIE, %D non-smooth Galois point DRZRRIHFZEZ RiA
ATHEED—RIL™ T T\, 22X, #F3End 72 o72 non—smooth Galois point ODNRILZ D372 D FEHE
ICFER T2 Z EITRBI LTV 5.

LIE3oDWZE, S% 0 2 50—t & GK BfRDAFFRICHONT, 3 DDA EMMEEEIC IR F 72 138k B
ThY, TOFHM - MAENBEICACEO LN TVD. FICE_O—RLICET 2MmXITHEETH L. F—o—Kkik
i%, Galois point WIFEDFKEDOAL BT THKHIHBR] WL OBREL KRB SETVWIERCTERETH DS, F_0—
{ki, Galois point BFZEHEMNF 2 H L <3 TV V/Z non—smooth Galois point (ZX9 B EEAT, Hrismihz B C
VWL F 2 5. AR TIEEN D FHE, SR, MIREPELBRHITWD. GO RILE
8¢, B EZEDHEENRESTND, Fiz, FElRIFHEN T, MiasPficR<bhTna, BlEicky, #t
DFMFmX E LT [G4%) LHE LT

A, WFEMmEE SO R R D FRNBANCE S FRZ IMNEDH Y EHA.
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