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On the linearization of actions of linearly reductive groups

Jerzy Jurkiewicz

Let G be a linearly reductive algebraic group over an algeabraically closed
field k. Assume G acts on kn by a morphism A:G xkn-*kn. Then A may be

viewed as a polynomial in n variables with coefficients in Û(G)n. We assume
1° kn has a fixed point, say the origin 0, under the action A,
2° the action is of degree &lt;2 with respect to kn, i.e. the polynomial

considered above is of degree ^2.
Our aim, roughly speaking, is to prove that under the above assumptions the

action is linear in some coordinate System (see the Theorem below). The case of
G k* and char k¥^2f 3, has been studied in [J] by the Author, who thanks H.
Kraft for important suggestions concerning the présent paper. A well-known
conjecture states that every action of a linearly reductive group on an affine space
is linearizable. For other results and références see e.g. [B-B], [K, P], [Ka, R],
[Ko, R], [P] and [P, R]). Notice for example that by Lemma 3.2 of [ibid] the
assumption 1° is satisfied for ail commutative groups of order &lt;22 • 32 • 52 — 1

899.

Let End (kn) dénote the set of morphisms kn —? kn. A map / : G -* End (kn) is

called algebraic if the corresponding map f :G x kn-*kn is a morphism. Then

/ € R[XU Xn]f where R 6(G)n. The Reynolds operator, i.e. the canonical

G-equivariant projection &lt;P(G)—&gt;k induces a G-equivariant projection (sending
X, to X,)

R[XU • • .,Xn]-+kT[Xu .,*„] End(*&quot;),

so that jG f&gt; the mean value of / is an endomorphism of kn. Using the Reynolds
operator corresponding to the group G x G we can consider JS€G ft€Gf(s, 0&gt; f°r
an algebraic map G x G -* End (kn) as well. We will use the following property
of the mean value operator.

For FeEnd(&amp;rt) and an algebraic map /:G-»End(fcn) we hâve

SseG(f(s)°F) tff(s))oF, and if F is linear, also J (F &lt;&gt;/(*)) F°
(J/to). (1)
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Assume A:G x kn-*kn is any group action with the point 0 fixed. Let
t*-*A(t) dénote the corresponding homomorphism G—» Aut (fcn) ç End ifcn. We
hâve A(t) L(t) + C{t) + • • •, where t *-+ L(f)(resp C(*)) is the morphism from G
to the space of linear maps (resp. quadratic maps) kn-+kn. From

A(st) A(s)A(t) (2)

it follows easily that L(st) L{s)L(t), i.e. L is a linear représentation, and

L(s)C(t) + C(s)L(t) C(st). (3)

For F:kn^&gt;kn let )°F and F°( dénote the respective right and left
composition operator.

PROPOSITION. Assume the condition 1° satisfied. Then there exists a unique
quadratic map Q:kn-*kn (independent of t) such that

a) C(t) L(t)oQ-QoL(t)f
b)

Proof. Apply L(s~1)°( to (3) and rewrite it in the form

C{t) L(i) oLdsty1) o C(5f) - Lis-1) o C(s) o L{t). (4)

Hère (s, t)eGxG. Set

(s-&gt;C(s). (5)

Applying the operator J5€G to (4) one gets the identity a). Apply L(r~15~1)°

to (3). The resuit may be written in the form

L((st)~l) o C(st) - Lir1) o C(t) Lir1) o (Lis-1) o C(s)) o L(f)

Now apply jseGSteG to both sides to get b). Finally the identity (5) follows
from a) and b), hence the uniqueness. ¦

REMARK. Suppose 1° and 2° satisfied. Let / stand for the identity on kn. By
(5), / + Q J L(Cl)QA(t). The expression under the intégral may be viewed as

the déviation of the action A{t) from its linear part L(f). So / H- Q is the mean
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value of that déviation. This last morphism turns out to be a conjugating
automorphism in case of action of degree two:

THEOREM. Let G be linearly reductive and assume 1° and 2°. Let Q be the

quadratic map defined in the proposition above. Suppose either of the following
holds

a) char (k) *2
b) Gis commutative (hence diagonalizable).

Then A(t) (I - Q)°L(t)°(I + Q) and l-Qy /+&lt;2 are mutually invers auto-
morphisms of kn. In particular the action A is linearizable.

Recall, that G is diagonalizable if and only if it is a finite product of
multiplicative groups k* and a finite commutative group of order prime to
char(À:)([B], ch. III, §8).

Proof of the Theorem. Set S := L(s), T := L(t). Then A(t) T + TQ-QT
and the identity (2) reduces to (SQ - QS) ° T (SQ - QS) ° (T + TQ - QT), for
ail (s, t)eGxG. Apply («r1;

(SQ - QS) (SQ - QS) • (/ - Q + TQT-1) (6)

Then applying S&quot;1 • we get Q - S-&apos;QS (Q- S~lQS) o (/ - Q +
Further, jseG gives Q Q ° (/ - Q + TQT~l)f by Prop., b). Then SQ SQ ° (/ -
Q + TQT&quot;1) and subtracting (6) we hâve also QS QS°(I- Q + TQT&quot;1).

Apply )°S~1 toget

Q Q o (I - SQS-1 + (ST) o Q o (5T)-1). (7)

Now assume a). Let Q1:kn xkn^kn9 be the bilinear symmetric map such
that Q(x) Q&apos;(x, x). We hâve

(8)

Now apply JI€G. We hâve t Q*(ST)*Q*(ST)-1 J QTQT~X and by (1) and

Prop., b), fteG of the last summand of (8) vanishes. So

Q Ô ° (/ - 5G5&quot;1) + f QSQS~l (9)
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Extract now the parts of degree 4 with respect to kn to get

1. (10)

Applying \ J,eG we get

(11)
h

By (9) we hâve Q Q°(I- SQS&apos;1). Since the part of degree 3 vanishes,
Q Q°(I + SQS~l), too. Apply )°S to get QS QSo(I + Q). Now we are
ready to conjugate the linear action (s, x)&gt;-+S(x):

(I- Q)oSo(I + Q) S + SQ - QS&lt;&gt;(I + Q) S + SQ - QS A(s), as re-
quired. For f l one gets (/ — Q)°(I + Q) /. Replacing the action A(t) by
A&apos;(t):=(-I)°A(t)°(-I) one gets by an analogous argument that (/ + g)°(J-
Q) L This complètes the proof in case a).

So we assume char (k) 2, and G diagonalizable. Then the proof alters as

follows. Choose a bilinear map Q~:knxkn-+kn such that Q(x) Q\x,x) for
ail x. Then (8) holds with 2g&apos; replaced by the map (x, y)*-*Q\x, &gt;&gt;) +
Q(yf x). To obtain (11) we must replace the Reynolds operator by a more
précise tool, available for diagonalizable groups:

Dénote by X X(G) the group of characters G-+k*, with the additive
notation. Let tl stand for the value of i e X at t e G. It follows easily from [B], Ch.

III, §8, that

any algebraic map / : G—» End (kn) can be written in a unique way as

/(0 E tf» for some / e End (kn).
ieX (12)

Notice that jteG f coïncides with f0 in this case. For i e X(G) let the

morphisms bt\kn-*kn be defined by the expansion SQS~l Eslbt introduced in
(12), and set q^&apos;-Qipiy bj). Since bo 0 we hâve &lt;7o,; tfi.o 0. Now extract
the part of degree 4 in (7) to get

0 Q « (SQS-1 + (ST)Q(ST)-1) 2 sl+J{tll+J{tl -

Appiy L€g;

o « 2 C + îXr&quot;1 +1)*,.-, 2 C + r1)?,..,. (13)
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Let P be a subset of ^\{0} such that for ail i e X\{G) one and only
one of the characters i, —i belongs to P. Hence X is the disjoint union of
P, -P:={i|-i€P} and {0} (indeed, i + i^O for *=É0 by the condition
(char k, G : Gconn) 1). Since qOfO 0 we hâve by (13) that

teP
+ O(«..-.+ «-...) 0.

By (12) this implies that

teP

For t 1 we obtain

On the other hand

f
seG

So we get again (11), and the rest of the proof follows as in the part a), obviously
simplified. ¦

REMARK. If char(fc)#2, 3 then exactly as in [J] one proves that the

conjugating automorphism / + Q of kn is triangular in some basis of this vector

space.

REFERENCES

[B] Borel, A. Linear algebraic groups, W. A. Benjamin, 1969.

[B-B] Bialynicki-Birula, A. Remarks on the action of an algebraic torus on kn, Bull. Ac. Pol.

Math., 14 No 4 (1966), 177-181.
[J] JurkïEWICZ, J. Linearization of the multiplicative group action of degree two and Jordan

algebras, Bull. Ac. Pol. Math., 32 no 7-8 (1984), 387-391.
[K, P] Kraft, H. and Popov, V. L. Semi-simple group actions on the three-dimensional affine space

are linear, Comm. Math. Helv. 60(1985), 466-479.

[Ka, R] Kambayashi, T. and Russell, P. On linearizing algebraic torus action, Jour, of Pure

Appl. Algebra, 23 (1984), 243-250.

[Ko, R] Koras, M. and Russell, P. Gm-Actions on A3, Canadian Mathematical Society, Conférence

Proceding, Vol. 6 (1986), 269-277.



On the linearization of actions of linearly reductive groups 513

[P] Panyushev, D. J. Semi-simple automorphisms group of four-dimensional affine space (in
Russian), Izv. Akad. Nauk SSSR, Ser. Math. 47, no 4 (1983).

[P, R] Pétrie, T. and Randall, J. D. Finite-order algebraic automorphisms of affine varieties,
Comm. Math. Helv. 61, (1986), 203-221.

Jerzy Jurkiewicz
Institute of Mathematics
Warsaw University, PKiN, 9p.
00-901 Warsaw, Poland

Received September 11, 1987/December 21, 1988



Buchanzeigen

Johann Jakob Burckhardt, Die Symmetrie der Kristalle, von René-Just Hauy zur kns-
tallographischen Schule in Zurich, mit einem Beitrag von Erhard Scholz, Birkhauser Verlag,
Basel-Boston-Berhn, 1988, 195 pages, SFr 58 —

Teil 1 Von Hauy zu Laue A -M Legendre - R -J Hauy - Weiss, Frankenheim - Die 32

Knstallklassen Bravis, Hessel, Neumann, Mieler, Gadohn - Sohncke und regelmassigen
Punktsysteme - Fedorovos Entdeckung der 230 knstallographischen Raumsymmetnesysteme -
Schoenflies&apos; Theone-Ausbhck - M Laue-Teil 2 Die knstallographische Schule in Zunch, Paul

Niggeh - Kreislagerungen und reduzierte quadratische Formen - Nowacki - Lavas - Heesch -
Ornamente - Schwarzweiss-Gruppen - Raumgruppen nach L Weber und H Heesch - Die 17

Omamente - Graphen

Jiomhua Wang, The Theory of Games, Oxford Science Publications, 1988, 162 pages, £25 —
1 Matnx Games Saddle points - Mixed stratégies - minimax theorem - Domination of stratégies -

Graphical solution of 2 x n and m x 2 matnx games - Matnx games and hnear programming - 2

Contmous Games Contmous, convex, separable games - 3 N-Person noncooperative games
Imputations - The core - Stable sets - The kernel - The nucleolus - shapley value

V I Arnold, S M Gusein-Zade and A N Varchenko, Singularises of Differentiable Maps.
Vol. II, Birkhauser Verlag, Boston-Basel-Berlin, 1988, 492 pages, SFr 198 —

Part I The topological of isolated cntical points of functions Theory of Picard-Lefschetz - Non-

singular level - Bifurcations sets, monodromy group - Interaction matnces - Part II Oscillatory
intégrais Asymptotics and Newton polyhedra - The singular index - Part III Intégrais of holomorphic
forms over vanishmg cycles Complex oscillatory intégrais - Hodge filtrations and the spectrum of a

cntical point - The mixed Hodge structure - The penod map and the intersection form

Richard Beals and Peter Greiner, Calciilus on Heisenberg Manifolds, Pnnceton University
Press, 1988, 194 pages $ 40 —

Préface - Introduction - The Model Operators - Inverting the Model Operator-
Pseudodifferential operators on Heisenberg Manifolds - Invanance Theorem - T-operators on Compact

Manifolds, Hilbert Space Theory - Applications to the db-complex - Bibhography, Index of
Terminology, List of Notation

Mohan S Putcha, Lioear AJgebraic Monoids, Cambndge University Press, 1988, 171 pages,
$24 95/£15 —

Linear Algebraic Semigroups - Reductive Groups and Regular Semigroups - Diagonal Monoids -
Cross-Section Lattices - Renner&apos;s Décomposition - Tits Building - Renner&apos;s Extension Pnnciple and

Classification

K W Grunberg and J E Roseblad, The Collected Works of Philip Hall, Clarendon Press,

Oxford, 1988, 495 pages, $80 —
Obituary by J E Roseblad (Bibhography)

L le Bruyn, M Van den Bergh and F van Oystaeyen, Graded Orders, Birkhauser Verlag,
Boston-Basel, 208 pages, SFr 42 —


	On the linearization of actions of linearly reductive groups.

