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I FH (1)

Theorem (Hirakawa, Geo.Ded. 2006)

S?: EHRODaV NI N =< VIEH FOrkE, SPhH CP?
(Z LT 72 CH2) ~DIEE B EBIIERA S b VAT AR
FEL W

AERH. 3 M EDIER] 2 ¥RI4) s.t. sina # 0 DIEFET c¢? (Ogata).
V=< - myFREHRLD, c=0. 2D E, FIONEKL 0K
imefFd
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ISH (2)

Theorem (K. TMJ, 2016)

T2 R 1 DIV AZ MY —wVE, ZTDEE, T2H5 CP? (X
1% CH?) ~DIZDARN pme, (H #0) <= HIEH, R

AEPH. (8ba — 3psin®a)¢? 1k T2 EDIEH] 2 X4 (Fetcu). V —<

Yoy ihOEHE D R 2 D20 2 AT R ILESRE. e D
FEHIZINODEREMA S &, EORADKE—, ZHEAER

WRES D,

CP? (& CH*) HDEHAEFER + —F A1 R{EH, Urbano 124D
1986 FEIIZITIRTE TN T WD
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FE g Z(Cl) C CH2[—12] (0 << OO)

— (9 — 4cp)sin® u — 9¢y sin® u — \/—1\/2(—8 4 95sin® u)(1 + ¢ sin® u)

a(u) =
4(1 4 ¢ sin? u)+\/—_1\/2(—8+95in2 u)(1 + ¢ sin® u)
Eu) = 25/2/ cott dt
\/ —8+ 9sin® t)(1 + ¢y sin? t)
— a VEIEW) =
c(u) = 2(9+8c1)( 8 +9sin’ u)e a=u
I|mq_>0 Y (1) = FEJIHHME, limg 0o = K.-Zhou (2000).

sinu = 8/9 8%< &. a= —%& T Chen HH[H.
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FE g Z(Cl) C CHz[—].Q] (0 << OO)

— (9 — 4cp)sin® u — 9¢y sin® u — \/—1\/2(—8 4 95sin® u)(1 + ¢ sin® u)

a(u) =
4(1 + ¢y sin® u)+\/—_1\/2(—8+95in2 u)(1 + ¢ sin® u)
u) = 25/2/ cott dt
\/ —8+ 9sin® t)(1 + ¢y sin? t)
— a _ ; V=T1¢(u) —
c(u) = 2(9+8c1)( 8 +9sin’ u)e , a:=u
I|mq_>0 Y (1) = FEJIHHME, limg 0o = K.-Zhou (2000).

sinu = 8/9 K%K &. a= —%& T Chen HH[H.

HiE % {Z(c1) (0 < ¢ < 00)} X CH?[-12) A THRIG T3
TRTD pmec il %2 &L,
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B (5(c1) O —FEE)
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FRIRTE > 3
M"[4p] : B n YOLERZERIY, — & ERIWTEHR 4p
x:M— I\/In[4p]: pmc

Theorem (Fetcu, JDG, 2012)

LOBEDH LT, n>3 LE. TDEE,
(1) x(M?) 1Z452 THEMER (totally real pseudo-umbilical) F 7= 1.

(2) x(M?) C *Mg[4p] € M"[4p], r<5

%6 (1): B. Opozda, On totally real surfaces with parallel mean
curvature vector, Bull. Soc. Math. Belg. 40(1988), 2, ser. B,
207-244. R0 D% FE L <.

Fetcu(2012) TIXHIH I TV R,
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54 (2 x(M?) c IMg[4pl c M"[4p], r<5
r =2 DGE OMNTIZE I TRT

M r=3,45D567 BRIz, CP3, CH} WIZIEEAZ:
pmc HIH £ D % 5> ?

Fetcu(2012) &3k H B2 HIH O IFAEIZ DWW TIE SN TR,

JuvzZ b r=304. £2,. 3EANERXLN o DK
ELUT, WEHRERIIEDE0E DAL L

IR LD Fetcu OFERIFIMUZERZ L0 —fRIZUTHKLT S

M. Ferreira and R. Tribuzy, Parallel mean curvature surfaces in
symmetric spaces, Arkiv Mat. 2014
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Parallel mean curvature surfaces in various ambient spaces

ﬁﬂﬂﬁ%&’“ﬁﬁ@ﬁ@ﬁc‘: LT, EZEME xRE2FHZ, ZOZERNT
, pmc BT Z 523 5

A1 Yt U. Abresch, H. Rosenberg, A Hopf differential for
constant mean curvature surfaces in S> x R and H? x R, Acta Math.
193(204), 141-174.
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Parallel mean curvature surfaces in various ambient spaces

EHREMOHLERE U T, EZEEE xR 2E X, ZOZ%EMENT
cmc , pmc HiH Z 0559 %

A1 Yt U. Abresch, H. Rosenberg, A Hopf differential for
constant mean curvature surfaces in S> x R and H? x R, Acta Math.
193(204), 141-174.

EE 3MaFEBY -~ VEMOFEELSBEEDIRCIX 6,4,3
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Parallel mean curvature surfaces in various ambient spaces

ﬁﬂjﬂf‘”ﬁlﬂﬁ@#ﬂﬁc‘: LT, EEME xRE2FZ, ZDOZE/MNT
, pmc BT Z 523 5

A1 Yt U. Abresch, H. Rosenberg, A Hopf differential for
constant mean curvature surfaces in S? x R and H? x R, Acta Math.
193(204), 141-174.

EE 3RFEH) - VEHOFEREMEF O 6,4,3
dim.Iso(M®) =6 = S R3 H3,
dim.lso(M?) =4 = S?xR, R®, H*xR, S}

Berger>

Nil(3), SI(2,R).

 3RLEH ) — < V2T dim.so(M3?) = 4 £ 5 5.

M M2 ¢ MBIz U IER] Hopf 2 YRID D —ffb 2 F6 /K. L C emc
HERmAMEINT VWD

AR Wi (RALKR) RAZ[HE SO IR 5T Pt F v PR FKTE/R 2 October 2016 8 /14




J. H. S. De Lira, F.A. Vitorio, Surfaces with constant mean curvature
in Riemannian products, Quart.J.Math., 61(2010), 33-41,

D. Fetcu and H. Rosenberg, Surfaces with parallel mean curvature in
S$3 x R and H? x R, Michigan Math. J. 61(2012), 715-729

From Fetcu-Rosenberg,

“In this paper, we compute the Laplacian of the squared norm of the
traceless part ¢ of the second fundamental form o of a pmc surface
in a product space M3(c) x R; then, using this Simons-type formula,
we characterlize some of these surfaces”.
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D. Fetcu and H. Rosenberg, Surfaces with parallel mean curvature in
CP" x R and CH" x R, Trans.A.M.S. 366(2014), 75-94

“ We introduce a holomorphic quadratic differential on such surfaces.
This is then used in order to show that the anti-invariant pmc
2-spheres of a 5-dimensional non-flat cosymplectic space forms of
product type are actually the embedded rotational spheres

S C M? x R of Hisang and Pedrosa, where....”

Codimension reduction theorem, and “Uniqueness results”
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D. Fetcu and H. Rosenberg, Surfaces with parallel mean curvature in
Sasakian space forms, Math. Ann. 362(2015), 501-528

“We prove a codimension reduction theorem. We introduce two
holomorphic quadratic differentials on anti-invariant such surfaces
and use them to obtain classification theorems.”

) S"x R, H" x R, CP" x R, CH" x R & Sasakian space
forms N D pmc HHTH D e k& z fifr U, 7 FJEE B 7 22 il O F4E
R
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FHEEHDYH 5w :

(1) F. Torallbo and F. Urbano Surfaces with parallel mean curvature
vector in $2 x §% and H? x H?, Trans. A. M. S. 2011

(2) D. Fetcu, A classification result for helix surfaces with parallel
mean curvature in product spaces, Arkiv Mat. 2015

(3) J. Orjuela and R. Tojeiro, Umbilical surfaces of products of space
forms, TMJ, 2016
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|H| = constant
M? c MN(c) s.t. |H| = constant # 0, but VXH # 0.
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|H| = constant

M? c MN(c) s.t. |H| = constant # 0, but VXH # 0.

JEBRAIAFSE © K. Enomoto, Umbilical points on surfaces in RV,
Nagoya M. J. 100(1985), 135-143
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|H| = constant
M? C MN(c) s.t. |H| = constant # 0, but V*H # 0.

JEBRAIAFSE © K. Enomoto, Umbilical points on surfaces in RV,
Nagoya M. J. 100(1985), 135-143

S. T. Yau (AJM, 1974) Theorem 5. Let M? be a topological two
sphere or a complete non-negative curved surface immersed in a
four-dimensional constant curved manifold N. If M? has constant
mean curvature, either M? is flat, totally umbilic or M? is a minimal
surface.
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|H| = constant
M? C MN(c) s.t. |H| = constant # 0, but V*H # 0.

JEBRAIAFSE © K. Enomoto, Umbilical points on surfaces in RV,
Nagoya M. J. 100(1985), 135-143

S. T. Yau (AJM, 1974) Theorem 5. Let M? be a topological two
sphere or a complete non-negative curved surface immersed in a
four-dimensional constant curved manifold N. If M? has constant
mean curvature, either M? is flat, totally umbilic or M? is a minimal
surface.

J. H. Eschenburg and R. Tribuzy (Rend. Sem. Mat. Univ. Padova,
1988) p.189 “We will show by a counterexample that in general
this is wrong (see Appendix). So, the question remains open whether
there exists a non-trivial immersion of S? into Qf with

|H| = const #0".
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EL
1) CP?,CH? N ® pmc spheres, pmc tori % i€ U 7= (Hirakawa, K.)

(1)
(2) CP?,CH? A ® pmc of a general type DEY 271 2L L T2
(K. 2016)

(3) Fetcu-Rosenberg IZBIfRL T, S" x R,H" x R,CP" x R,
CH" x R & Sasakian space forms PO pmc i [ D Ja ik id 2 fig
U, 7 IEEM 7 il OFAEZ mE & v 5 R Z f U 7=,
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(3) DRI ITIL, B TOHENEHTH 2 L EbN B,

1
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EL
CP?,CH? N® pmc spheres, pmc tori & € U 7z (Hirakawa, K.)

CP? CH? N® pmc of a general type DEY 27 A ZHE L 72
2016)

3) Fetcu-Rosenberg IZBHfAL T, S”" x R,H"” x R,CP" x R,
CH" x R & Sasakian space forms PO pmc i [ D Ja ik id 2 fig
U, " JEEI” RilmoFEZ " L WO EZ N U 7=,

3) DWFFEICIX, B TOHENERTH S L Ebhb,

(3
(4) 725 —fifb & LT, = constant, V* #£ 0 72 2l (B L
T. Yau & Eschenburg-Tribuzy @ 2 &3 % #6847 U 7=,

1

A =

(
(
(K.
(
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