arXiv:1901.07532v5 [math.RT] 1 Dec 2019

Symmetry, Integrability and Geometry: Methods and Applications SIGMA 15 (2019), 095, 11 pages

Cohomology of Restricted Filiform Lie Algebras m; 2(p)

Tyler J. EVANS T and Alice FIALOWSKI

¥ Department of Mathematics, Humboldt State University, Arcata, CA 95521, USA
E-mail: evans@humboldt. edu
URL: https://sites.google.com/humboldt.edu/tylerjevans

! Institute of Mathematics, University of Pécs, Pécs, Hungary
E-mail: fialowsk@ttk.pte.hu

§ Institute of Mathematics Edtvés Lordnd University, Budapest, Hungary
E-mail: fialowsk@cs.elte.hu

Received August 19, 2019, in final form November 24, 2019; Published online December 01, 2019
https://doi.org,/10.3842/SIGMA.2019.095

Abstract. For the p-dimensional filiform Lie algebra my(p) over a field F of prime charac-

teristic p > 5 with nonzero Lie brackets [e1,e;] = e;41 for 1 < i < p and [eq, ;] = ;42 for

2 < i < p— 1, we show that there is a family m(p) of restricted Lie algebra structures pa-

rameterized by elements A € FP. We explicitly describe bases for the ordinary and restricted
1- and 2-cohomology spaces with trivial coefficients, and give formulas for the bracket and
[p]-operations in the corresponding restricted one-dimensional central extensions.
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1 Introduction

N-graded Lie algebras of maximal class have been intensively studied in the last decade. A Lie
algebra of maximal class is a graded Lie algebra

9= D210

over a field IF, where dim(g;) = dim(g2) = 1, dim(g;) < 1 for ¢ > 3 and [g1, gi| = gi+1 for i > 1.
A Lie algebra of dimension n is called filiform if

dim (g*) =n — k, 2<k<n, where ¢" = [g,g"'].

Lie algebras of maximal class with two generators over fields of characteristic zero have been
classified, and exactly three of these algebras are of filiform type [9]. We list them with the
nontrivial bracket structures:

mo:  [e1, €] = eit1, i>2,

my:  [e1, €] = eit1, 1> 2,
e2, e5] = €j 2, j=3,

pIR lei,ej] = (J — i)eiyj, 1,7 > 1.

This paper is a contribution to the Special Issue on Algebra, Topology, and Dynamics in Interaction in honor
of Dmitry Fuchs. The full collection is available at https://www.emis.de/journals/SIGMA /Fuchs.html
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Filiform N-graded Lie algebras g of dimension n over a field of characteristic zero that satisfy
[91,0/] = giy1 and dim(g;) = 1 for i < n (which is equivalent to having 2 generators) are
classified in [14]. They include the natural “truncations” of mp(n) and my(n) obtained by taking
the quotient by the ideal generated by e, 1. The algebra U (the Witt algebra) is isomorphic to
the algebra of derivations of the polynomial algebra F[x]. If F has characteristic p > 0, then the
truncation U (p) of U is the derivation algebra of the quotient of F[x] by the ideal generated by
aP — 1. The algebra U(p) is called the (modular) Witt algebra.

The above picture is more complicated in the modular case (that is, over fields of positive
characteristic), see [1, 2, 13], but mg, ma, U and their truncations always show up. We refer
the reader to the book [15] for a general treatment of modular Lie algebras. In this paper, we
show that if the field F has characteristic p > 5, then the Lie algebra ma(p) admits a family
of restricted Lie algebra structures m% (p) parameterized by elements A € FP. We describe the
isomorphism classes of these algebras, calculate the ordinary and restricted cohomology spaces
with trivial coefficients H? (m% (p)) and H{ (m% (p)) for ¢ = 1,2 and give explicit bases for those
spaces. We also give the bracket structures and [p]-operations for the corresponding restricted
one-dimensional central extensions of these restricted Lie algebras.

With this, we complete the description of all three types of truncated filiform restricted
Lie algebras (mQ(p), m3(p), and B(p)), their low dimensional cohomology spaces with trivial
coefficients and their restricted one-dimensional central extensions. The algebras m(p) were
studied in [5], and the algebra U(p) was studied in [6] (where it is denoted by W).

Remark 1.1. For p = 2 and p = 3, mp(p) = ma(p) so these algebras were treated in [5].

In this paper, all cochain and cohomology spaces are with coefficients in the trivial F-module.
The organization is as follows. In Section 2 we construct the restricted Lie algebra family mé‘ (p),
determine the isomorphism classes of these restricted Lie algebras, and describe both the ordi-
nary and restricted 1- and 2-cochains, including formulas for all differentials. In Section 3 we
calculate both the ordinary and restricted 1-cohomology by giving explicit cocycles. Section 4
contains the calculation of the ordinary and restricted 2-cohomology spaces, again by giving
explicit cocycles. In Section 5 we describe all restricted one-dimensional central extensions and
give their brackets and [p]|-operations.

2 Preliminaries

2.1 The Lie algebra my(p)

Let p > 5 be a prime, and let F be a field of characteristic p. Define the F-vector space
my(p) = spang({e1,...,ep}),

and define a bracket on ma(p) by

le1, €] = eiy1, 1<i<p,
[e2, €] = eiya, 2<i<p-1,

with all other brackets [e;,e;] (for i < j) being 0. Note that ma(p) is a graded Lie algebra
with k-th graded component (mg(p))y = Feg for 1 < k < p. If 0;,3; € F and g = >.7_; ae,
h= Zle ﬁiei, then

[9,h] = (a1P2 — a2f1)e3 + (183 — azfh)eq

p
+ Z((alﬁjfl —aj_151) + (a2Bj—2 — a;_252))e;. (2.1)

J=5
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2.2 The restricted Lie algebras m2(p)

We refer the reader to [12, Chapter V, Section 7] and [15, Section 2.2] for the definition of
a restricted Lie algebra, and for the construction of the [p]-mapping on a given Lie algebra

(ma(p) in the current paper) used below. For any j > 2 and g1,...,g; € ma(p), we denote the
j-fold bracket

[917927937 cee 79]] = [[ e [[91792]793]7 .- ]79]]
Since p > 5, (2.1) implies that the center of the algebra is Z(my(p)) = Fep, and p-fold brackets
are zero. Therefore for each A = (A,...,\,) € FP, setting e,[gp] = Mpep for each k defines

a restricted Lie algebra that we denote by m3(p). Because p-fold brackets in m)(p) are zero, for

all g,h € mj(p), a € T,

(g+ h)lP = glPl 4 pP) and (ag)P! = aPgl?),

and therefore the [p]-mapping on m)(p) is p-semilinear (see also [15, Chapter 2, Lemma 1.2]).

From this we get that if g = > aper, € my(p), then

p
g[p} = (Z 04?\1:) ep. (2.2)
k=1

Everywhere below, we write m3 (p) to denote both the graded Lie algebra ma(p) and the graded
restricted Lie algebra my(p) for a given A € FP. The Lie brackets and restricted [p]-operators
for these algebras are explicitly given by (2.1) and (2.2), respectively.

Remark 2.1. For p = 2 there are several other possible [2]-mappings, namely any 2-semilinear
transformation on ma(2).

2.3 Isomorphism classes

Proposition 2.2. Let p > 5. If \, X' € F?, the graded restricted Lie algebras m)(p) and m%l (p)
are isomorphic if and only if there exists a non-zero pu € F such that A\ = ,LL(k*l)]")\ﬁf for k =

1,...,p.

Proof. We only consider isomorphisms that preserve the grading as we are interested in these
algebras as graded restricted Lie algebras. Assume that there exists a graded restricted Lie
algebra isomorphism ¢: m3(p) — my (p), and let @(ey) = per, p(ez) = vey for some non-zero
u,v € F. Since ¢ preserves the Lie bracket, we must have ¢(e3) = uves, p(es) = pves,
¢(es) = pdres. On the other hand, as [e1, e4] = [e2, e3], we also must have ¢(e5) = pur?es. From
this it follows that v = p? and @(ey) = pFey for k=1,... p.

Moreover, ¢ preserves the restricted [p]-structure so that

p(el) = p(e)?

for k=1,...,p (here [p]’ denotes the restricted [p]-structure on m} (p)). Now,
plef)) = p(Anep) = AwiPe,  and  p(en)? = (uFer) P = 1P e,
0 AP = pkP)N) | and hence
Ap = pFmPN

It remains to show that the above condition on A\ gives rise to a graded restricted Lie algebra
isomorphism between my(p) and m3’ (p). If, for 0 # u € F, we define p(e1) = per, p(er) = pFey,
(2 < k < p), then it is easy to check that the argument above is reversible, and we obtain

a graded isomorphism between the restricted Lie algebras. |
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2.4 Cochain complexes with trivial coefficients

For the convenience of the reader and to establish our notations, we briefly recall the definitions
of the cochain spaces used below to compute both the ordinary and restricted Lie algebra 1-
and 2-cohomology. The reader can find more details on these complexes in [3, 4, 5, 10, 11].

2.4.1 Ordinary cochain complex

For ordinary Lie algebra cohomology with trivial coefficients, the relevant cochain spaces from
the Chevalley—Eilenberg complex (with bases) for our purposes are

C°(m3(p)) =F, {1},

C'(m3(p)) = my(p), {eF|1 <k <p},
C2(my(p)) = (A*m3(p)),  {e™|1<i<j<p},
C*(my(p)) = (M°md(p)), {1 <s<t<u<pl,

(V' denotes the dual vector space) and the differentials are defined by

d°: Co(mé\(p)) — ! (m%‘(p)), d’ =0,
d': CH(my(p)) = C*(ma(p)),  d'(¥)(g,h) = ¢([g, b)),
d*: C*(my(p)) = C*(ma(p)),  d*(¢)(g,h, f) = @(lg, W] A f) — o(lg, F1 A R)
+ @([h, FI N g).
The cochain spaces C" (m% (p)) are graded
C’,i (mé\(p)) = span ({ek}), 1<k <p,
C,f(mé\(p)) = span ({ei’j}), 1<i<j<p, i+5=k 3<k<2p—1,

C’,?(m%(p)) = span ({es’t’“}), 1<s<t<u<p, s+t+u=k, 6<k<3p-—3,

and the differentials are graded maps. If we adopt the convention that ¢/ = 0 whenever j < 1,
we can write for 1 <k <p

d (ek) = ebh=l 4 g2h=2, (2.3)
Using the convention that e*** = 0 unless i < j < k, we can write
d2 (61’.]) — _6172)]'_27 2 S j’

A2 (M) = Ml eldd=l 4 o272 4 26372 9 << j<p. (2.4)

2.4.2 Restricted cochain complex

The relevant restricted cochain spaces are

() = {(p.w) | ¢ € C*(m3(p)), w: m3(p) = F
has the s-property with respect to <p}

C3(m3(p)) = {(¢,n)[¢ € C*(m3(p)), n: my(p) x my(p) — F}.
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We recall that if ¢ € C? (m%(p)), then a map w: my(p) — F has the x-property with respect

to ¢ if for all a € F and all g, h € mj(p) we have w(ag) = aPw(g) and

w(g+h) = w(g) +w(h) + :Z h #}g)so@l,gg, e gpt] A gp). (2.5)
91=g, g2=h

Here #(g) is the number of factors g; equal to g. Moreover, given ¢, we can assign the values
of w arbitrarily on a basis for my(p) and use (2.5) to define w: my(p) — F that has the -
property with respect to ¢ (see [5, pp. 249-250]). Recall the space of Frobenius homomorphisms

Homp, (V, W) from the F-vector space V' to the F-vector space W is defined by

Homp (V, W) = {f: V = W | f(az + By) = o’ f(x) + B f(y)}

for all o, € F and 2,y € V. A map w: m%(p) — [ has the *-property with respect to ¢ = 0
if and only if w € Homp (my(p),F). In particular, if 1 < k < p, then the map e*: my(p) — F
defined by

D
Ek E ;€ :ai,
i=1

has the x-property with respect to 0.
We will use the following bases for the restricted cochains

Cl(my(p)) {1},
Cclmy(p)  {eFl1<k<p},
CEma(p))  {(¢M, &)1 <i<j<piu{(0,e")[1<k<p},

where €7 is the map é%/: m%‘(p) — F that vanishes on the basis and has the *-property with

respect to e*J. More generally, given ¢ € C%(m)(p)), let ¢: m3(p) — F be the map that vanishes
on the basis for m% (p) and has the *-property with respect to ¢. The restricted differentials are
defined by

dy: C(m3(p) = Cr(my(p))  dl=0,
di: Cr(m3(p)) = C2(my(p))  di(y) = (d'(¢),ind (),
dZ: CZ(my(p)) = CZ(ma(p)  di(p,w) = (d*(), ind*(p, w)),

where ind!()(g) := ¢(9[P]) and ind?(p,w)(g, h) := (p(g A h[P]). If ¢ € C! (m%(p)) and (p,w) €
C2(m}(p)), then ind'(¢) has the *-property with respect to d(¢) [7, Lemma 4]. If g = 3" aye;,
h =3 Biei, ¥ =Y pie' and @ = Y 0y;€"7, then

P
ind' () (g) = pp | D_ 0P
j=1

and

p

p—1
ind?(p,w)(g, h) = (Z Bf)xZ) Zajo*jp . (2.6)
j=1

=1

Remark 2.3. For a given ¢ € C?(m3(p)), if (p,w),(p,w') € CZ(m3(p)), then d%(p,w) =
d2(p,w’). In particular, with trivial coefficients, ind?(¢,w) depends only on ¢.



6 T.J. Evans and A. Fialowski

3 The cohomology H? (m;‘(p)) and H! (mg(P))

In this short section we compute, for p > 5, both the ordinary and restricted 1-cohomology
spaces H'(m)(p)) and H}(m3(p)), and in particular we show that these spaces are equal.

Theorem 3.1. If p > 5 and A € FP, then
H' (m3(p)) = H, (m3(p))
and the classes of {el, 62} form a basis.

Proof. Easily, the differential (2.3) has a kernel spanned by {el, 62}, and d° = 0, so that
H! (m%(p)) >~ Fe! @ Fe?.

As for any restricted Lie algebra, H} (m%‘ (p)) consists of those ordinary cohomology classes
[] € H*(m}(p)) for which ind(y)) = 0 (see [11, Theorem 2.1] or [7, Theorem 2]). If ¢ =
P_, ue® is any ordinary cocycle, then p, = 0 (p > 5) so that for any g € m3(p), we have

P
ind' ()(9) = ¥ (9") = 1 (Z oei&) =0,
k=1
and hence H} (m%(p)) = H! (mé\(p)) [
Remark 3.2. An alternate proof is the following
H' (m3(p)) = (w3 (p)/ [m3(p), m3(p)])’,

where g’ = Homp(g,F) denotes the vector space dual of g and

H(m3(p)) =2 (m3(p)/([m3(p), m3(p)] + span (m3(p)¥)))’

(see [8, Proposition 2.7]).
In particular, since span (m3 (p)[p]) C Fe, C [m3(p), m3(p)], the ordinary and the restricted
1-cohomology spaces coincide.

Remark 3.3. For p > 5, formula (2.3) shows that for 1 < k < p, d*(eg) = e"F~1 + 2¥=2, For
k>3, let

o = dl(ek) _ Lkl 2h-2

The set {¢3,¢4,...,¢p} is a basis for the image d*(C*(m3(p))).

4 The cohomology H? (mg‘(p)) and Hf (mé(p))

4.1 Ordinary cohomology

Lemma 4.1. Letp > 5. For3 <k <2p—1, letds: C? (m%(p)) — C3 (mé\(p)) denote the restric-
tion of the differential d?: C? (m%(p)) —C3 (mé\(p)) to the kth graded component C? (m%‘(p)) of
C? (mé\(p)) Then ker (dz) =0 fork>p+2, and for 3 < k < p—+ 1, basis elements of ker (dz)
are listed in the following table:
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k=3 03 = el?

k=4 o4 =el3

k=5 eld, 23

k=6 e = b0 + e

k=17 o7 = 16 1 25 16 1 3
8<hk<p+1l|gp=elh 1y e2h2

Proof. A direct calculation using (2.4) shows that df = 0 for k = 3,4, 5, dZ (o015 +02,4¢>?) =
(—01,5 + 0’2,4)61’2’3 and d% (0'1’661’6 + 0'2’562’5 + 0’3’463’4) = (_0'1,6 + 025 + 03,4)61’2’4.

Ifk>p+2and ¢ =5 0;,e € C? (m%‘(p)), then (2.4) implies that d?(¢) will contain the
terms

Yo (oij o miet T
k—p<i<s(k)
i+j=k
where s(k) = k/2—11if k is even and s(k) = (k—1)/2 if k is odd. If, in addition, ¢ is a cocycle,
then we have the system of equations

0ij + Oit1,j—i =0, (4.1)

where kK —p < i < s(k) and i + j = k. Note that every coefficient o;; of ¢ occurs in the
system (4.1). Now, if & < 2p — 2 is even, then d?(y) contains exactly one term with e2#/2-2k/2,
and hence 0j/9_5/242 = 0. The system (4.1) then implies that o;; = 0 for all 4, j and
hence ¢ = 0. Likewise, if k¥ < 2p — 1 is odd, then e>(*~—1/2=L(E=1/2 occurs once in dz(gp)
forcing o1,_1)/2-1,(k—1)/2+2 = 0, and hence ¢ = 0. We can use (2.4) to directly check that
ker (d%p_2) = ker (d%p_l) = 0 so that ker (d}) =0 for k > p+ 2.

Finally, if 8 < k < p+ 1, then d3(¢) will also contain the terms

Li,j—1
> (00 + oir1jmi)e
2<i<s(k)
it+j=k
in addition to the term —alyk,lel’Q’k*:}. If p is a cocycle, then we have the system of equations
—01 k-1t 022+ 03,-3=0,

0+ 0it1,j—i =0, 3<i< 8<k) (4.2)

The same argument used for k > p 4+ 2 above shows that the system (4.2) implies o; ; = 0 for
i > 3. Therefore 011 = 09,2 and ¢}, = ebkh=1 4 g2k=2 spans ker (d%) |

Theorem 4.2. If p =5, then
dim (H?*(m3(5))) = 3

and the cohomology classes of the cocycles {61’4, el? et 29

If p > 5, then

— 63’4} form a basis.

dim (12 (w3 (2))) = 3

and the cohomology classes of the cocycles {61’4, el b 434 el 4 62’p_1} form a basis.
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Proof. If p = 5, then the results of Lemma 4.1 still hold except for k£ = 7,8 where we have
d2(025€*5 + 034€%*) = (025 + 03.4) "% and ker (d3) = 0. It follows that

{61’2, 61’3, 61’4, 62’3, 61’5 + 62’4, 62’5 o 63’4}

is a basis for ker (d2). We can replace e?? with @5 = el* + e?3 in this basis so that, by
Remark 3.3, the classes of {61’4, eld 4 e24 25 — 63’4} form a basis for H? (m%‘(f)))

If p > 5, then Lemma 4.1 gives a basis for ker (dQ). We can again replace e*? with @5 =
el? + €23 in this basis so that, by Remark 3.3, the classes of {61’4, el 6 e elp 4 62’1’_1} form

a basis for H?(m3(p)). [

4.2 Restricted cohomology for A = 0

If A = 0, then (2.6) shows that ind® = 0 so that every ordinary 2-cocycle ¢ € C2(mJ(p)) gives
rise to a restricted 2-cocycle (p, Q) € C’Q(mQ(p)). Moreover, in the case that ¢ = d!(z) is
a 1-coboundary, we can replace ¢ with ind!(¢) and (go,lndl(v,/))) = (d'(y),ind*(v)) = dl(v)
is a restricted 1-coboundary as well, and d2(p,p) = d2 (gp,lndl (¢)) by Remark 2.3. Finally,
d? (O,Ek) = (0,0) for all 1 < k < p, and the ( ) are clearly linearly independent. Together
these remarks prove the following

Theorem 4.3. Let A=0. Ifp=2>5, then
dim (HZ(md(5))) = 8

and the cohomology classes of the cocycles

{(Oaél)a (0762)7 (Oaé?’)v (0764)7 (0)65)7 (61747 6174)7 (@67 @6)) (fa&)}
form a basis where & = > — 34,

If p > 5, then
dim (HZ?(md(p))) =p + 3
and the cohomology classes of

{08, (0,2), (X, e), (m 7). (epe1, p1) }

form a basis where n = 6 4 €34,

Remark 4.4. If p > 5, the maps @y, are identically zero for k < p + 1 because the (p — 1)-fold
bracket in (2.5) always gives a multiple of e, so that ¢y, vanishes on e, A m3(p) when k < p+ 1.
This, in turn, implies that @ € Homp, (m3(p),F), and since ¢x(e;) = 0 for all i, we have ¢y, = 0.
Likewise, é14 =0, 77 = 0, and £ = 0 unless p = 5. The restriction of @p+1 to e, Amj(p) is equal
to el so that @,11 = éLP. If p = 5, then the restriction of ¢ to es A m) (5) is equal to e*® so

£ = . We can then use (2.5) to give explicit descriptions for ¢,,1 and 3 (when p = 5):

P P
- _ =1, _ p—1
Pp+1 E ae; | =e P E Qiep | = Q7  Qg,

(M> L (M)

Remark 4.5. The dimensions in Theorem 4.3 can also be deduced from Theorems 3.1 and 4.2
and the six-term exact sequence in [11] precisely as in [5, Remark 4].
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4.3 Restricted cohomology for A # 0
If o = > 0i¢"7 and (p,w) € CZ(m3), then (2.6) shows that
ind? (¢, w)(ej, €;) = Nicjp.

Therefore, if A # 0, then d%(p,w) = (d%p,ind*(p,w)) = (0,0) if and only if d* = 0 and
O1p =09p="+-+=0p_1p = 0.

Theorem 4.6. If p =5, then
dim (HZ(m3(5))) = 6
and the cohomology classes of
{(0,2"),(0,2%), (0,2%), (0,2"), (0,€%), (", &) }

form a basis.
If p > 5, then

dim (H2(m3(p))) =p + 2
and the cohomology classes of

{(0.2),. (0.2), (", e, (m7) }

form a basis where n = 6 4 34,

5 One-dimensional central extensions

One-dimensional central extensions £ = g & Fc of an ordinary Lie algebra g are parameterized
by the cohomology group H?(g) [10, Chapter 1, Section 4.6], and restricted one-dimensional
central extensions of a restricted Lie algebra g with ¢/P! = 0 are parameterized by the restricted
cohomology group H2(g) [11, Theorem 3.3]. If (p,w) € C2%(g) is a restricted 2-cocycle, then
the corresponding restricted one-dimensional central extension £ = g & Fc has Lie bracket and
[p]-operation defined by

l9,h] = [g,hlg + ©(g A h)e,

[9,¢] =0,
gl = plPle + w(g)e,
P =0, (5.1)

where [-, |4 and Pla denote the Lie bracket and [p]-operation in g, respectively [7, equations (26)
and (27)]. We can use (5.1) to explicitly describe the restricted one-dimensional central ex-
tensions corresponding to the restricted cocycles in Theorems 4.3 and 4.6. For the rest of this
section, let g = >~ ae; and h = 3 Bie; denote two arbitrary elements of m3(p).

Let Ej, = my(p) @ Fc denote the one-dimensional restricted central extension of m(p) de-
termined by the cohomology class of the restricted cocycle (O,Ek). Then just as with m(’}(p)
and U(p) (see [5, Theorem 5.1] and [6, Theorem 3.1]), the (0,€") span a p-dimensional subspace
of H2, and (5.1) gives the bracket and [p]-operation in Ej;:

[gv h’] = [ga h]m%(p))
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l9,¢] =0,
g[P} — g[p]m%‘@) + O[iC’
M=o,

For restricted cocycles (¢, ®) with ¢ # 0, we summarize the corresponding restricted one-
dimensional central extensions E, 3y in the following tables. Everywhere in the tables, we omit

the brackets [g, ¢] = 0 and [p]-operation c?} = 0 for brevity.
If A = 0, then there are three restricted cocycles (¢, 9) with ¢ # 0 for a given prime

(Theorem 4.3). We note that if A = 0, then (2.2) implies g[p]“‘%(p) =0 for all g € m}(p).

Table 1. Restricted one-dimensional central extensions with ¢ # 0 and A = 0.

p=5
(61’470) l9. ] =g, h]mg(p) + (@184 — aufr)c
Pl —
g
(3 [9:h] = 19, hlwy ) + (@285 — 52 — asBa + aufBz)c
{ — 62’5 — 63’4 g[p] = %ai’a%c
(6, P6) [9:h] = 19, My ) + (@185 — asf1 + aafa — aufBz)c
Pl — L4
g — 20[10[20
p>5
(e",0) [9:h] = 19, hlwy ) + (181 — cufr)c
] —
g =
(n,0) [9: ] = 19, hlwy ) + (186 — 61 + asBa — aufBs)c
= elb 4 ¢34 | glol —
(Pp+1:@pr1) | 9, 0] = 19, hluypy + (@1 fp — apBi + a2Bp1 — ap-152)c
) — Pt
gl = ol ase

If A\ # 0 and p = 5, then the only restricted cocycle (p, @) with ¢ # 0 is (e'*,0). If p > 5,
then the restricted cocycles (i, @) with ¢ # 0 are (e'**,0) and (»,0) (Theorem 4.6).

Table 2. Restricted one-dimensional central extensions with ¢ # 0 and A # 0.

p=>5
(61’47 0) [g) h] :[]E}g’ h]mg‘(p) + (05164 - ()[4,81)6
[p] — " m3 (@)
g =g 2
p>5
(e"*,0) g, h] :[[]97 My ) + (184 — cufr)c
bl — oP'm3)
g =g 2
(n,0) [9: 1] = (9 hlwp ) + (186 — 6B + 3fa — aaf3)c
’]7 — @176 —|— 6374 g[p] — g }m%(l’)
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