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Abstract Let S be a C-algebra generated by z, y, z, ¢ and ¢~ satisfies the relations

zy—qur = (¢—D(@+y+2),
yz—qzy = (¢—D(@+y+2),
zr—qrz = (¢g—1)(xz4+y+2) and

zq=qr, yg=qy, 2q=qz qq '=1=q 'q
We focus on a Poisson algebra Sq, constructed from S, with the Poisson bracket {z,y} = yz+z+y+=,
{y,2} = zy+x+y+2 and {z,2} = 2z + 2+ y+ 2. There are only two Poisson maximal ideals of Sg . In
this study, we characterize the simple Poisson modules which annihilated by each of the Poisson maximal
ideals of S .
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1. INTRODUCTION

The Poisson algebra is an algebra with the brackets, called Poisson bracket, intro-
duced in 1809 by Joseph-Louis Lagrange and his student, Siméon-Denis de Poisson, as an
algorithm useful to produce solutions of motion. They defined the Poisson bracket by

o=y (Lo 00 0h)

= \Oqr Opr Oqi. Opy

where f,g : R” x R" — R" are smooth function and (g, p) are Lagrange’s canonical
coordinate. After that, in the thirties of the 19** century, Carl G. J. Jacobi proved the
basic properties of a Poisson bracket by using the Leibniz rule and the Leibniz identity of
Poisson bracket. So, they have {fg,h} = f{g,h}+ {f, h} g for all mapping f, g, h. Then
the vector field with this identity was called Hamiltonian vector fields and denoted by X.
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They extented the vector field Xy to Xy = [Xf, Xy] where [—, —] is a commutator,
defined by [z,y] = xy — yx, and applied it to the mapping h, so they had the following
identity, called Jacobi identity,

{{fag}ah}:{{gvh}vf}_{{gaf}’h}'

The more systematic study of Poisson brackets was started by Marius Sophus Lie in
the seventies of the 19" century. After that, there are many researchers construct a new
Poisson algebra and study the algebrais-structural properties on this algerbras.

In 2006, D. A. Jordan and N. Sasom [(6—8] studied a Poisson algebra constructed from a
C—algebra, T, with Poisson bracket {x,y} = yz+ 2z, {y, 2} = zy+ =z, and {z,2} = zz +y.
They saw that there are five Poisson maximal ideals for this Poisson algebra and classified
the finite dimensional simple Poisson modules annihilated by the Poisson maximal ideals.
In the same year, N. Sasom [8] used the method in [6] constructed a Poisson algebra from
a quantized enveloping algebra U,(slz). She found that the Poisson bracket defined by
{z,y} = 2(1 — yz),{y,2} = 2(1 — zy) and {z,z} = 2(1 — zz) and it had two Poisson
maximal ideals. For each Poisson maximal ideal, there was the finite dimensional simple
Poisson modules annihilated by it. In 2011, P. Chansuriya, N. Sasom and S. Seankarun [3]
studied the Poisson algebra P, with Poisson brackets {z,y} = yz + az,{y, 2} = 2y + bz,
and {z,2} = xz+cy. It was a general form of a Poisson algebra constructed in [6]. There
were five Poisson maximal ideals and, for each Poisson maximal ideal, there was the finite
dimensional simple Poisson modules annihilated by it. In 2018, K. Changtong and N.
Sasom [2] constructed a Poisson algebra S, from a C-algebra S generated by z,y, z, ¢ and
g~ ! satisfying the relations

vy —qur = (¢—1)(z+y+2),

yz—qtzy = (¢q—1)(z+y+2),

ze—qrz = (q—1)(z+y+2),
1

and £q = qx, yq = qu, 2q¢ = qz, q¢_* = 1 = ¢~ 'q. They was a Poisson bracket {z,y} =
yr+axt+y+z,{y, 2zt =zy+ax+y+z2{z22} =xz+ 2+ y+ 2 They found that there
were two Poisson maximal ideals as following

J1 = xS +ySy+ 25,

Jo = (x4+3)Sy+ (y+3)Sy + (2 +3)S,.
Later, they used the method in [4] classified finite-dimensional simple Poisson modules
over S, annihilated by each Poisson maximal ideals. In this study, we focus on the Poisson

algebra S, and its Poisson maximal ideals. We use the method in [6] characterize the
simple Poisson modules annihilated by Poisson maximal ideals J; and Js.

2. DEFINITIONS AND NOTATIONS

This section collect the basic definitions and notations of the Poisson algebra and
Poisson module for using in this research.

Definition 2.1. Let g be a vector space over a field F. A Lie algebra is a vector space
g with a bilinear [—, —] : g X g — g which satisfies the following properties:

(1) [z,2] =0 for all x € g.

(2) [z, [y, z]] + [, [z, z]] + [z, [z, y]] = 0 for all z,y, z € g (Jacobi identity).
The bilinear map [—, —] is called a Lie beacket on g.
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Definition 2.2. A Poisson algebra A is a commutative algebra over a field F together
with a bilinear map {—, -} : A x A — A such that (A,{—,—}) is a Lie algebra and
satisfies a Leibniz identity {zy, 2} = z{y, 2} + {«, 2}y, for all z,y,z € A. We call {—,—}
a Poisson bracket on A.

A subalgebra B of A is a Poisson subalgebra if {b,c} € B for all b,c € B.

Definition 2.3. Let A be a Poisson algebra. An ideal I of A is a Poisson ideal if
{i,a} €T foralliec I, ac A

Moreover, the factor A/I is also a Poisson algebra with the Poisson bracket
{a+I,6+1}={a,b}+1 for all a,b € A.

Definition 2.4. Let A be a Poisson algebra. A Poisson ideal I of A, which I # A, is
said to be a Poisson maximal ideal if it is also a maximal ideal of A.

Definition 2.5. Let A be a commutative Poisson algebra with the Poisson bracket {—, —}
and M be a module over A. An A-module M is called a Poisson Module if there is a
bilinear form {—, -} : A x M — M such that

(1) {a,bm}ry = {a,b}m + b{a,m}u,

(2) {ab,m}r = a{b,m}arr + b{a,m},

(3) {{a" b}’ m}M = {a7 {b7 m}M}M - {b’ {aa m}M}M)
for all a,b € A and m € M.

A submodule N of a Poisson module M is called a Poisson submodule if {a,n}) € N
foralla € Aand n € N.

Definition 2.6. Let M be a Poisson A-module and J C M. The annihilator of J in A
is defined by:

Anna (J)={a € A:{a,m}py =0 for all m e J}.
Lemma 2.7. Let A be a finitely generated Poisson algebra and M be a Poisson A-module.
Let J = Anng (M).

(1) J is a Poisson ideal of A.
(2) If M is finite-dimensional and simple module then J is a mazimal ideal of A.

Proof. See [5], Lemma 1. L]

3. SIMPLE POISSON MODULES OVER A POISSON ALGEBRA S,

In this section, we study on a Poisson algebra S, with the Poisson maximal ideals
Ji = xS +ySy + 28, and Jo = (x + 3)Sy + (y + 3)S, + (2 + 3)S;. We characterize the
simple Poisson module annihilated by each Poisson maximal ideal.

3.1. SIMPLE POISSON MODULES ANNIHILATED BY Ji

Lemma 3.1. Let M be a Poisson Sq—module annihilated by J, = xS, + ySq + 25, and
m € M. Then we obtain :

(1) xm =ym = zm = 0.

(2) {xy,m}n = {yz,m}y = {zz,m}y =0.

(3)  (a) {z,{y.myn}r — {y, {z,m}n s = {x,m}ns + {y, myar + {z,m}u,
() {y, {zmbntar — =, {y, mIntnr = {z, mbar + {y, mpas + {2z, m}ur,
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(c) {Z’ {CC, m}M}M - {377 {va}M}M = {xvm}M + {y7m}M + {va}M
Proof. (1) Tt is easy to see that xm = ym = zm = 0.
(2) By (1) and Definition 2.5(2), we have

(a) {zy,min = afy, mis +y{z,mpn =0,

(b) {yz,m}m = y{z,m}m + 2{y,m}m =0,

(¢) {zx,m}n = 2{z,m}y + x{z,m}n = 0.

(3) (a) By (2) and Definition 2.5(3), we have
{z. {y,mintne —{y Az, mintn = oy} min
= {ywt+zt+y+zmiy

{yz,mbu +{z,mbu +{y,min + {z,m}u
= {z,mim +{y,m}tn + {2z, m}un.

Similarly, (b) and (c) are proved. n

Lemma 3.2. Let M be a Poisson Sq—module annihilated by J, and m € M be an
eigenvector for {x, —}p with eigenvalue A € C. Then {x,m}y = Am and we also have

(1) {z,{y,m}rm}ar = (A + D{y, mpaa+ {z,mpar + Am;
(2) {z,{z;m}m}m = (A= D{z,m}nm — {y, mpn — A
(3) {y.{zsmintn — {2z {y.mn e = {y,mba + {2z, mpn + Am

Proof. Let A € C such that {z,m}y = Am for some 0 # m € M. Then, by Lemma
3.1(3), we have

(1)
{z.{y,mimtne = Ay Az, mistar +{x,mins +{y, mpn + {z, m}in
{y, A m}n +dm+{y,m}y +{z,m}un
= My,mim +dm+{y, mpn + {z,mium
= A+ 1{y,m}m + {z,m}ym + Im.
Likewise, we can calculate (2) and (3). L]

To classify the finite-dimensional simple Poisson modules annihilated by J;, we change
the generators by setting u := i(y —iz) and v := %(z — iy). Here we have the new

generators of a Poisson algebra S, which are u,v and z.

Lemma 3.3. Let S, = Clz,y, 2] be a Poisson algebra with the Poisson brackets:

{z,yy=yr+o+y+z {yz}=22+oc+y+z {za}=zz+24+y+=2

Ifu=1(y—iz) andv = 1(2—1y), then S, is generated by u,v,x and the Poisson brackets

is given by
{z,v} = —(z+1)uwi—vi— %(1—1—2'):6;
{z,u} =
{u,v} =

oo 1 ,
+ 1)vi + ui + 5(1 + i)z

(x
%((m—l—u—l—v)—l—(uQ—i—vz—i-u—l—v)i).



1138

Thai J. Math. Vol. 19 (2021) /N. Chansuriya et al.

Proof. If u = §(y—iz) and v = 1(2—1iy), then we obtain ui = 3 (yi+2z) and vi = §(zi+y).
So y =u+iv and z = v+ ui. Thus S, is generated by u, v, x.

{z,v} =

{x,u} =

o, 50z~ i)}

1 1
E{xa Z} - il{xay}
1

1
5(—x2—x—y—z)—ii(ya:—i—x—ky—i—z)

—%(z+iy)x - 1(y—i—zz) - 1(z—i—iy) - 1(1 +1i)x

2 2 2

1
—zui — vi — ui — 5(1 +i)z
1
—(z+ Dui — vi — 5(1 +i)x.
1 )
e i)

1 1.
Slo - 5ife,2)

1 1.

§(y$+ﬂf+y+z)*§l(*m*$*y* )

1 . 1 . 1 . 1 .

§(y+zz)m++§(y+zz)+i(z—i—zy)—i—5(1+z)m
1

xvi+vi+ui+§(1+i)x

(x + 1)vi +ui + %(1 + i)z
= {056

1 1 1 .1
5 1Y 1% 5% 5 1Y %5t

= 1w

1
= Jeytrtyte—(-y—r—y—=2)

= Slyt+r+y+a)

[((v+iu)(u+ ) + x4+ u+iv+ v+ iu))

| =N =N~

5 [(z+u+v)+ (W +0*+u+v)i.

Therefore the lemma is proved.

Lemma 3.4. Let M be a Poisson S;—module annihilated by J, and let m € M. Then

we have:

(1) xm =vm =um = 0.
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(2) {xzu,m}y = {zv,m}y = {uv,m}y = {u2,m}M = {1127m}M =0.

(3) (4

{z, {u;mistnr —{u Az, mintn = il{u,m}M +ifv,mpn +
5 (L, mias;
()
{z.{v.m}xtn —{vA{z,mntn = Ii{u,m}M —i{v,mpy —
S+ mhar
(¢
o foombudn = (o fwmbaby = glemba 50+ i) umb +

%(1 + ) {v,m}u.

Proof. (1) Since x € J; and m € M, it is easy to see that xm = 0.
In the case vm = 0 and um = 0, we can prove similarly.
(2) It is a routine calculation , by (1) and Definition 2.5(2), we have {xu, m}y =
{zv,m}y = {uv,m}y = {u?,myy = {v2, m}y = 0.
(3) (a) By (2) and Definition 2.5(3), we have
{z, {u,minir —{u Az, mpstne = {{z,u}, min

1
= {(a: + Dvi+ui+ (14 i)x,m}
2 M
= i{zv,m}r + {vi,m}ry + {ui,m}

%(1 +i){z, m}u

= o, mbar i ma o+ (1 )z mar

Similarly, we can proved (b) and (c).

Lemma 3.5. Let M be a Poisson Sy—module annihilated by J, and A € C such that
{z,m}ry = Am for someO0#me M. Ifu= %(y —iz) and v = %(z —1y) , then we have
, , 1 .
(1) Az {v,mbartar = (A = i){o,mpar — ifu,mpar — 5 (1+0)Am;
1
(2) {x,{u,m}rtar = A+ ) {u,m}r +i{v,m}py + 5(1 + i) Am;
1 1 ) 1 .
(8) {u, {v,m}pta—{v, {u,m}pta = 5/\m+§(1+z){u,m}M+§(1+z){v,m}M.

Proof. Let A € C such that {z,m}y = Am for some 0 # m € M. It is a routine
calculation by using Lemma 3.4(3). L]
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3.2. SIMPLE POISSON MODULES ANNIHILATED BY .

Lemma 3.6. Let M be a Poisson Sq—module annihilated by Jo = (x+3)S,+ (y+3)S, +
(24 3)S,, and m € M. Then we have:
(1) xm = ym = zm = —3m.
(2) (a‘) {xyam}M = 73{y7m}M - 3{x7m}M}'
(b) {yz,m}M = _S{va}M - S{yvm}M;
(c) {zz,m}y = =3{z,m}y — 3{z,m}ur.
(3)  (a) {z,{y,mintn —{y, {z,mirct = {z,m}n — 2{z, m}ar — 2{y, m}us;
(b) {y’ {Zv m}M}Nf - {Z’ {y’m}M}M = {x’m}M - 2{y,m}M - Z{Zam}M;
(¢) {z.{z,m}mtn — {z. {z,mbatar = {y. mine — 2{z, m}rr — 2{x, m}n.

Proof. (1) Since x +3 € Jo and m € M, (z + 3)m = 0.
Consider
(x4+3)m = 0
zm+3m = 0
rm = —3m.
Similarly, ym = zm = —3m.

(2) By (1) and Definition 2.5(2), we have
(a) {1’y7 m}M = .’E{y, m}M + y{x, m}M = —3{1/, m}M - 3{$7 m}M
(b) {yz,mpn =y{z.m}n + 2{y,mpnr = =3{z,m}n = 3{y, m}n.

(c) {ze,m}y = z{z,m}y + x{z,m}y = =3{z,m}n — 3{x,m}n.
(3) (a) By (2) and Definition 2.5(3), we have that
{z.{y. m}xtnr —{y Az, mintn = {{z,0} min

{yr+x+y+z,mlu

{yz, min +{z,mbr +{y, mpn +{z,m}u

= =3{y,min — 3z, mbn + {z,mby + {y,m}n
+{z,m}y

= {z;m}y —2{z,m}y — 2{y,m}um.

(b) and (c) are proved similarly.

Lemma 3.7. Let M be a Poisson Sq—module annihilated by Jo and m € M be an
eigenvector for {x, —}p with eigenvalue A € C. Then {x,m}n = Am and we have

(1) {z.{y, mintar = (A= 2){y, mbar + {2, m}pn — 2Xm,
(2) {x,{z,m}n}nr = N+ 2){z,m}rr — {y,m}ar + 22m,
(3) {y:{zsmbntar = {z {y, mpnctar = Am = 2{z,m}rnr — 2{y, m}u.
Proof. Let A € C such that {z,m}y = Am for some 0 # m € M. Then, by Lemma
3.6(3), we have
(1)
{eAy.mivtne = {y{o.mbatn + {z,mpn = 2{z,min — 2{y, m}n
= Ay, dmty +{z,m}y —22m —2{y,m}
= Mymlu+{z,m}n — 2 m —2{y,m}n
= A=2){y,m}m + {z,m}n — 2Xm.



Simple Poisson modules over a Poisson algebra S, 1141

(2) and (3) are proved similarly.

We shall replace z by u := z — 3z — 3y to simplify these results.

Lemma 3.8. Let S, = Clz,y,s] be a Poisson algebra with the Poisson brackets as the
following: {z,y} =yr+z+y+z2 {y,z2}=zy+c+y+z {zz}=zz+z+y+z
If u =2z — 3z — 3y then S, is generated by x, y, u and the Poisson brackets is given by
(1) {z,y} = (z + 4y + 4z +u,
(2) {z,u} = —(z+4)u — 3z + 16)x — (6z — 16)y,
(3) {y,u} = (y +4)u+ (6y + 16)z + (3y + 16)y.,
Proof. Since u = z — 3z — 3y, then we obtainz = u 4 3z + 3y. Thus 5, is generated by
z,y,u and we have

(1)
{z.y} = yrtaot+ytz
= yr+z+y+ (u+3z+3y)
(x+4)y + 4z + u.

{z,u} = {x,2—3z -3y}
= Az, 2} =3{z,y}
= (—zz—z—y—2)—-3@yz+z+y+2)
= —zz—3yr —4dr —4y —4z
= —(x+4)z—3yr—4x—4y
= —(z+4)(u+3z+3y) —3yzr — 4z — 4y
—(z+4)u— 3z +16)x — (62 + 16)y.

{yuy = {y,2—-32-3y}
= v, 2} = 3{y, =}
= (yta+y+z)—-3(-yr—z—y—=2)
= 2y + 3yzrdxr + 4y + 4z
= (y+4)z+3yx +4x + 4y
= (y+4)(u+3z+3y) + 3yx + 4o + 4y
= (y+4)u+ (3z+ 16)y — (6z + 16)z.

Lemma 3.9. Let M be a Poisson Sq—module annihilated by Jo = (x+3)Sy+ (y+3)S, +
(u—3)Sy. Then we have:
(1) xm = ym = —3m,um = 3m.
(2)  (a) {zy,min = =3{y, m}n — 3{x, mjn;
(b) {zu,m}a = —3{u,m}r +3{x,m}r;
(¢) {yu,mpns = =3{u, minr +3{y,m}nr-
(3) (o) {z Ay, mbntr = {y, {z,mbn e = {z,mba + {y,mpar + {u, m}pas
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() {z, {u,m}rtar — {u,{z,mbartar = 17{z, mpn + 2{y, mpar — {u,m}ar;
(c) Ly {usmin e — {w, {y. miatar = {u,mpn — 17{y, mpnr — 2{z, m}n.

Proof. (1) Since x +3 € Jy and m € M, (z + 3)m = 0.
Consider
(x+3m = 0
rm+3m = 0
rm = —3m.
Similarly, ym = —3m.
Since u —3 € Jy and m € M, (u—3)m = 0.
Consider
(u=3m = 0
um—3m = 0
um = 3m.
(2) (1) and Definition 2.5(2), we have

By

(a) {zy,min = z{y,min +y{z,min = =3{y,m}n — 3{x, m}r.

(b) {zu,m}rr = x{u, mba +uf{z, mpr = =3{u, mpr + 3{y, miu.

(c) {yu,mty = yl{z,mpn +u{y, mpn = —3{u,m}n + 3{z, m}n.

(3) (a) By (2) and Definition 2.5(3), we have that
{z.{y,m}m}tn —{y. {z.mimtne = {{z,y}, minm
{zy + 4y + 4o + u,m}y
= A{zy,min +Hy,mpy + 4z, mpa +{u,m}y
= =3ymiyn —3{z,mly+Hy,mly +4{z,m}ym
+{u,m}as

= A{z,m}m +{y,m}nm + 2{u,m} .

(b) and (c) are proved similarly.

Lemma 3.10. Let u = z — 3z — 3y. Let M be a Poisson S;—module annihilated by Jo.
Let X € C such that {u,m}y = Am for some 0 £ m € M. Then

(2) {u{y,mirtnr = (A +174x,mia + 2{y, mya — Am;

(3) {z,{y,m}nm}ar —{y, {z,mInm e = {z, min + {y,m}ar + Am.
Proof. Let A € C such that {s,m}y = Am for some 0 # m € M. It is a routine
calculation by using Lemma 3.9(3). L]

CONCLUSION AND DISCUSSION

We have been followed the same method of [6], but the problem is the relations of our
Poisson brackets. It was very hard to change variables to get the nice Poisson brackets
as in [0]. Comparing the Poisson brackets in [6] which are

{r,yy =yr+2,{y, 2} = zy + v, {z,2} =22 +y (3.1)
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and our Poisson brackets:
{z,y} =yr+az+y+z{y,z}=zy+ax+y+z{z,2}=2z4+c+y+2 (3.2)

We see that the polynomials in (3.1) has the different term of degree one, but in (3.2)
all terms of degree one are the same. Therefore it was very hard to change the suitable
variable as in [6]. However, we still work hard to find a nice condition for characterize
the nice result and show that the results are finite dimensional.
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