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Abstract

The Galilean conformal algebra in (d + 1)-dimensional spacetime is an important class
of infinite-dimensional Lie algebras. In this paper, the case of this algebra with d =3
is defined and named the spatial Galilean conformal algebra. Using cohomological
methods, we systematically study the derivation algebra and the universal central

extension of the spatial Galilean conformal algebra.
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1. 5|8

(d + 1) 2B 25 H 1 T IR 45 1w 2 AR B i 90 /2 i Bagcehi AlGopakumar 7£ [1)9 5| A/, H
R FEAS/CERTRE A R G EAEHIFHE IR 2], —SeMBE RN, W R R AT U
IFHBEAREAAS/CEFTX RIR R [3,4], B4, XEARHEOE HILAEMAIE B3 )2 E =K [5,6], X
SE TR T TG PR 4 Ao e SR ARSCE 5 AN B T 1) B

ENFI S S AR = Dok,  HAR PR e 2 B N A2 it e, Hob(14-1) iR 251970

PR 24 i 1 s 3 T AR B FRAT T B I O W -REV (2,2), HBE—HR{L,,, I, |m € Z}. &

SENTECHR [Tt T HSTFREEZ 0P 5: Der(W) = CD @ ad(W), HHFDE—NMING
T, EXWF: WHMEEmM € Z,

D(Ly,) =0, D(I,) = I,. (1.1)

ZHLY KR IZEREBW =W e Cae CB, HHha, B LNT:

mT —m

a(Lm7 Ln) = 6m+n,OT7 a(Lm7 In) = a(Im; In) = 07

3 _
B(Lm, 1)) = 6m+n,o%, B(Lyn, L) = B(In, I,) = 0. (1.2)
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(2-F1) 4 5 2 F 1 TG FR 4 4 1 i JE AR B2 th Adzawa T-20134E 76 [8]H i 44 10T i i 1) s 35 2 A%
g, A—HE{L,, Hyp, Lo, I | m € Z}o HEMMEBROCHRZHA [9)- [11). Fealth, 7£3C
Wk (119, fEEHE T H S TRERZ B0 5K : Der(g) = CD ®ad(g), HHDRE—A45
T, EXWF: WHMEEn € Z,

D(L,)=D(H,) =0, D(I,)=1I1, D(J,) =Jn. (1.3)
ZHOY K ERZEREG =g ® Cc® Cey @ Ceyr HHe, e Mey B LUIT:
C(Lm, Ln) = m35m+n,0, C1 (Hm, Hn) = m5m+n70, CQ(Lm7 Hn) = m25m+n70, (14)

m,n € Z, HAREIIIPELNE.

(3+1) 4k i 22 H 1) T B 4 i A s 3R ACK B R IE B0 27 B AT IR NI T, AR SCHR 1)
Bagchi 58 AFR I ASE TG 1. (3+1) 4B A IBARB AT X 15 4EAdS I 2 - 52 2451
T3 XIEER W Z LA B GUR A EENE. AR ICK Ud = 3 BT AT R, REH0E T
T REANZ LYK, B R A B A SRR S R, A A T HES)
AR I E AL B AT L 5 v 4R IS 2 o RO 9

(d -+ 1)4E I %5 o ) T B 2 0 A s 35 R AR e A — (I, L M"Y | n € Z, i,j =

(L, L) = (m —n) L, (L, ) = —nd 7 (L, M) = (m— )M,

[T, ] = 6, S0 4 6, I g5, T g T,

7 2Yrs

[T, M) = = (M8 — M 5),

LV J

(M™M= o,

Hrpm, n € Z
d = 3, FRATFR(3 + 1)ZERF 7S A 1) I BR 2% 0 e LT ARE R = R es 3L A%, FHGER
~, WA

G = span {Jf;”,J{;}), T, L M | n € Z,i= 1,2,3} .

T JETHRER TR, AT e 5 &k
L,=L", H,=J%, C,=J%, D,=J, L=M" J,=M" K,=Mm".
WGHH{Ly,, Hy,Crn, Dy, 1y, Jn, Ky, | n € Z}, R AT FAHES K R
[Lin, Ln] = (m — n) L gon,

[Lma Hn] = —nHyyn, [Lmv Cn} = —nChtn, [Lm’Dn] = —nDyyn,
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[Lons In] = (m = ) Dy [Lny Jn] = (M= 1) Join, [Lons K] = (m = 1) Ko,
[Hm, Cnl = Dingns [Cimy Do) = Hinns Dy H] = Crngen,
(Huns In] = Jinns  [Hs Ju] = —Inins
[Cons In] = Konins - [Cons K] = =Iinns
(D In] = Konns Dy Kl = =Jingn,
[Hon, Hy] = [Crns O] = [Dins Dy] = [Hys K] = [Crny Ju] = [Din In] = 0,
s In) = [Lms In] = Ly K] = [y Jn] = [T K] = [Kon, K] = 0,
SMEERIm, n € Zo
FEARSCH, WAIBHAZ, C RpnBEIEMTHE.

2. &1

FEATE R, FATEL RGN — B LR E 5 A

BLE—ANERE, VE LB, —ANERMBED € Hom(L, V)N RBEV ST,
WS D L -
D([z,y]) = z.(Dy) —y.(Dz),  z,y€ L.

A HDer (L, V)RR LI A BAV AR S 720, —DREEVAR S THIOIA ST, IR
—ANEE Ry € VAN € LIALD (z) = z.ve FATHInn(L, V)RRLIRBAELN N T 7
Al LHIREAEV AR — LR RS

HY(L,V) := Der(L, V) /Inn(L, V).

b AR A 12 T
L L NEREL VR ALEL, BRI N EREIES S

0>V —>LxV—>L—=0,
Il HiHochschild-Serre fIXHr 3% 741 [12] 7] 1540~ IE& 41
0—HYL,(LxV)Y) - HY(L x V,L x V) — Hom(V,L x V), (2.1)

HP(Lx V) ={zeLxV |[z,0]=0,VveV} %

a=PcL,, s=PcH,ePcc,e@Cn,. c=PcLsPC), e PCK,.

nez nez nez nez nez nez nez
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D ey B E SCRT RN, S TRl S SER ARG T4 S B> B AR BT
G=(axb)xc

ido=axb, MG=0oxc WifaeC HEaMMIBEIET, =PCr™, HTFRITEL:

nez
Lo f\) = —(n + am)fff_gn, Vm,n € Z.
S1#2.1. fFAaH, Ha2F ., b2XFdF®F, =FdF ®F.
WERH: 2, [11]. O

3132.2. Hom,(b,¢) = 0.
UER: f5I B2, 150

Homa(ba C) = Homa(fo S Fob Fo, F1 B F1 B ]:1)7
PR 11095 B3RN0, 5] BRAGHIE. O

3132.3. H'(d,¢) =0.
EWT: A0 = a x b, ¢ 2015, FrLAnf 3 FIEAS:

0 — H'(a,¢®) — H'(d, ¢) — Homg (b, ¢),
HAH (a,¢®) = H'(a,0) = 0, FA51H2.20]f3H (2,¢) = 0. 5 FAHIE, O
glﬂ2.4. Homg(c, g) = (CQOy ;E\Eljtp%)‘(ﬁ[ﬂ::

oUn) = In, o(Jn) =Jn, @(K,)=Kn), Vn € Z.

EBT: XM € Hom,(c,G), %

o(I,) = ZakLk + Zﬁka + Z%Ck + Z5ka + anfk + Zﬂkjk + szKk;

kEZ keZ keZ keZ keZ kEZ kEZ

Hb o, Bes Yis ks s i, Te € Co Hp[ Lo, 1)) = [Lo, (1)) Jead Ly 1EG EHIFEHI 15

FiH
¢[Ho, I,] = [Ho, (1)),  ¢[Ho, Ju] = [Ho, o(Jn)],  ¢[Co, L] = [Co, ¢(In)],

¢[Co, Kn] = [Co, (Kn)],  ¢[Do, Jn] = [Do,(Jn)],  ¢[Do, Kn] = [Do, p(Ky)],
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L E
@(In) = nnIn + 0nDn, @(Jn> = NnJp — 0n,Chn, @(Kn) = nnKn + 0, H,,

HH[Ly, L] = [Loms 2(1)]s B0min = Ty (M — 1)0man = —nbp, (m # n)e HAEEMES,, 00 =
8 = 0,1, =0, (n € Z)o fHilEs O

WRE2.5. DG LR &M, FiL
D(L,) = D(H,) = D(C,) = D(D,) = 0,D(I,) = I,, D(J,) = J,, D(K,) = K,.

WD ZGH—A45F, BIDeHY(G,G).

WEW: HE X5 WIUEDRE — % . THIEWDARN T T: RXFE: € G, [ERNE
Breg, AD(z)=[v,z2. W

z= ZakLk + Zﬁka + Z%Ck + Z5ka + anjk + Z/%Jk + ZTkKka

kEZ kEZ kEZ kEZ kEZ kEZ kEZ

ﬁq:‘ak,ﬂk,’yk,ék,nk,uk,m e C. —J5H, D(Ln) =0, EIJ[Ln,z] =0,Vn € Z. HZFE SRR H,
R4 N0, Wiz =0, B—JH, #F2=0, WED(,) =1, #0FE. #DcH (G, G) O

EH2.6. H'(G,G) =CD, HAD Wmandi2.5 FprE Lo
W HE S, RGN, HG/c =0, A IES S

0—>c—>G—0—0,
P (2.1) AT N IEAS:
0— H'(d,G6°) — H'(G,G) — Homy (¢, G),

Hige = {z e G| [r,y] =0,Vy € ¢} = c. H5IH23KH (0,G°) = H'(0,¢) = 0. 1M 5 E2.43%
Yidim(Homo (¢, ) = 1o #dim(H"(G,G)) = 1. EHAF. .

3. FLT 5K

AT, AT g Gz oy ke RPFTEM, —ANMFERBL POy KTE K Z—
Apair(L,7), Hhr : L — L 2R, H#EEAEL fhom. RS LEHE—ANhoy
WKpair(L', p) » #AEAEME—WFRAEY : L — L', fif3pow =x, WHKLKIpair(L, 7)iE— Mz fOd
Ko BRI AT A e

LrrdripLL'up
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WARERELW (L, L] = L, MARLZ % EFNAE KT 58 & oy skA7 s am il

3.1, [13] D EARLAAAEZ O 5Kk HACE LR S & AU 2oy k2=
IR R SCT A ME—

VE: WiE TH (L, C)%5H T2 K LI —dEhOd sk iS5 1 2.
3.2, [11] ALEFNH, VELE, WEEMRENABL x V 1 = LRG0T 2>

H*(L x V,C) = H*(L,C) @ H'(L,V*) @ BL(V),

HApv-2VERHEE, B (V)RV ERMIKL-AZRNLER T, Mo e Hom(V x V,C), /e

o(u,v) = —o(v,u), o(z.u,v)+o(u,zv)=0, YreL wuveV.

e RTUar @RI NN, [11). A TIEZ518, 12S, = {H,, Cn, Dy }on € Zo
51383.3. B,(b) 2 Ccyy HHic® LUIF
02(XmaYn) = m6m+n,0 Xm € vaYn € Sn

m,n € Zo
UER Xﬁ'fi%a@@ S Ba(b)’ e, ?‘Z'ﬂ\]%%@(Hman)a(P(Cmvcn)aw(Dvan% H
@([LmaHnLHk) + @(Hna [LmaHk]) =0,
e
nSD(Hm+n7 Hk) + k(p(an Herk) =0, (3'1)

(77, + k)(p(an Hk) = 07

W Mn + k #£ O, o(H,, Hy) =05 YMn+k =0 (Bln=—k) B, o(H,,H) = ¢(H,,H_,) =
_(p(anan)O Jﬂjﬁ
SD(HTTUHTL) = 6m+n,0fm; (32)

HH{fn,eCmez}, Bf m=—fm EGLXFHPmMm=1k=-n—-1,
n@(HlerHflfn) - (n + I)W(anan) =0,

¥ (3.2) A\l 13
nfnt1 — (n+ 1)fn =0,

LTI VAR R G MR — i, Hf, =n—f#, Kitf

@(Hmy Hn) - Cm6m+n,07
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HZE AR AR WAL, [ ATE
©(Ch, Cp) = Cmbimgn,0, ©(DimyDy) = Cmidyyyn o
e, BAHE@(Hum, Cr), (Crny Dn), o(Hum, D)o H
P([Lim; Hn], Cr) + ¢(Hp, [Lin, Ck]) = 0,

=
5

7E(3.3) W Blm = 0, U

Wn + k # ObF, o(H,,Cr) = 05 Hn+k =0 (Bln = —k) B, ¢(H,,C) = p(H,,C_,) -
7E(3.3) N lm = -k —n, N

np(H_k,Cy) + kp(H,,C_,) =0,
HZR PR G R B A — 4, Ho(H,,C_,) =n &—f#, FIE
O(Hp, C) = Cmb oo
HZERER X RTAL KT o(Ch, Dn), o(Hp, D) FIRER AL AR R, 51 EAFHIE, O
Wi3.4. H*(G,C) = C3, HAERIUR =AML EAE ey, coflles, & LMITTR:
c1(Ly, L) = m3in0s ca(Xom, Yo) = Mpmino  €3(Lm, Pn) = m*3pino,

Xm €S, Y, €S,,,P, €8,,, m,n€Z., HFHHAIZO,
WERH: KNG =0 x ¢, FTLAHIAr 3.2

H*(G,C) =H*(d x ¢,C) = H*(0,C) @ H'(d, ¢*) @ By (¢)

HHB,(c) = 0(1001[11]), FrA R FH#fawEH? (0, C)RIH (2, ) B AT,
(i). H*(d,C) = Cey @ Cey @ Ces
K50 = ax b, LAl fTii3.24%

H?(0,C) = H*(a x b,C) = H*(a,C) ® H'(a, b*) @ B,(b).

KFe1(Lpy L) = m36, 4 oM VELIEBA WL [13] 6 #1.1.1. B, (b)H 5] #3.3% . H'(a,0%)Z
W [11].
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(ii). H'(d,¢*) =0
S, [11] O
TGOy 3K 8T, = {1, Jn, Kn},n € Zo %
G =G@Ce, ®Ccy @ Ces,
EXFERRRUT
[Lin, Ln] = (m = n) Ly yn + m*6m gm0,
[Lony Xp] = —1Xonpn + M%6min.0C3,
[P, Qu] = R + Mg 0C2,
[Lin, Yn] = (m = n)Yomin,
[vaXn} = m5m+n,002,
[Hu, In] = Jintn,
[Hm, Jn] = —Imin,
[Crn, In] = Kt
[Cm,Kn] = —Im+n,
[Dm, Jn] = Kiin,
[Dvan] = —Jm+n,
Y, Y] = 0.

m,n e Z/E\:EF‘XTL S Sn’Yn S Tn° (Pmu Qn,Rern)iEéU\TEﬁP‘f%tﬁﬁ‘Z— (Hmv Cna Dm+n)’ (Dmv
Hna Cm-&-n)*[](cma Dna Hm+n)° E%(Ga [a ]) %g/]\%/fﬁﬁ’ C1,C2,C3 %;H;EPIE‘\EO

EE3.5. 471:0 G RAEY, Wpair(G, 7)RGMIZHLY K.

EW]: BIN[G, G =G, FTBAGR — M 5e &AWL ik, a3 1k, GEEZH LYK, 5

#
Kerm = Hy(G,C) = H2(g’(c)* ~ 3
HHH(G, C)" RHA(G, C) MM B, B AIE. ]

4. FR5RE

FEARTTH, BATRE M (d + 1) gk 2= R A IS Ed = 1,d = 2/Md = 3=F1EE T
S ALY KIS ZE . T IRPELSS tH SR A I B 482 T 15 A L i 7k i
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4544,

wA, STFRE T, =MEE TR LR AL 40, BS 7 01EH T AR
TR NG T B 0SS EAT 58 ds. 4d = 18, {JS”,L("),MZ.(") ln€Z ij=
1,2,...,d},q3.]i(f)§3\%5|iﬂjf)r&, EIJi‘Z’%ﬁﬂ:E@{Jﬁiﬁﬁ?}%/}ﬂfj@ﬁ%%ﬁ%, WNHELOFM™ ne Z,
KR FAEMI(LY) R 4d=28f, {(J0, L0 M™ |neZ, ij=1,2,...,d}FI0 5 BT
M, T EARLO I M MY 0 ez, RSETEME(L)R; a6, MR
VAZRPERLES B R TH G T STE AT A I S 4E 5 1) 5 7R3

EIE4.1. Der(®) =CD @ ad(®), HFDRE—MMTT, 2 XUWF:

DIy = D(L™) =0, D(M™) = M™.

ij i
Hrtnez, i,j=1,2,...,do

U, ARZ LY HOTI, H(12)3 (LA)RAGMSATT R, SR T A0 e AR AR
FIRAZ 0. Hd = 2Md = 36, BEIJ RIS, HOui MR, Shr LA
IR 50, X AT RS BT IE . BT AMEE R (d> 2):

EH4.2. H*(6,C) = C% HAMICR =AML L ey, co Mes, & LATT:

ij rYrs Y]

C1 (L(m),L(n)) = m3(5m+n70, Co (J(m) J(n)> = m6m+n,07 C3 (L(m) J(n)) = mQ(Sern’o,

HRIERAEZ0, m,n € Zo

SEHRA R E BEA. 248 B T — R T T R i 3 AR § AR EORT B 5K 1 S BE Lh M HE R,
NG B AR B PR T IR AR T 1) S5 A% 0 . IRIE RS R, OB se iR eg LA S )
STREF P LY TR EE BA EEE .
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