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Descent properties of hermitian Witt groups
in inseparable extensions

Eva Bayer-Fluckiger and Daniel Arnold Moldovan

Abstract. Let k be a field of characteristic �= 2, A be a central simple
algebra with involution σ over k and W (A, σ) be the associated Witt
group of hermitian forms. We prove that for all purely inseparable exten-
sions L of k, the canonical map rL/k : W (A, σ) −→ W (AL, σL) is an
isomorphism.
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1. Introduction. Let k be a field of characteristic �= 2 and let W (k) denote
the Witt ring of k. If L/k is a field extension, we obtain a canonical ring
homomorphism rL/k : W (k) → W (L). By a classical theorem of Springer, this
homomorphism is injective if the extension has odd degree. Moreover, Rosen-
berg and Ware prove ([7, Theorem A]) that if L/k is Galois of odd degree,
then rL/k : W (k) → W (L)Gal(L/k) is an isomorphism. More generally, Rost
describes ([8, Proposition 1]) the image of rL/k for any separable field exten-
sion of odd degree. When L/k is purely inseparable, it is easy to see that
rL/k : W (k) → W (L) is bijective.

Let A be a finite dimensional k-algebra with a k-linear involution σ : A→A,
and let W (A, σ) be the associated Witt group (cf. Section 2). For any field
extension L/k there is a canonical group homomorphism rL/k : W (A, σ) →
W (AL, σL). Several of the above properties can be generalized. In particu-
lar, if L/k has odd degree, then rL/k is injective (cf. [2, Proposition 2]), and
analogues of the results of Rosenberg, Ware and of Rost are proved in [1].
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The aim of the present paper is to show the following:

Theorem. Let (A, σ) be a central simple algebra with involution over k and
L be a purely inseparable extension of k. Then the canonical homomorphism
rL/k : W (A, σ) → W (AL, σL) is an isomorphism.

2. Definitions, notation and basic facts. Let A be a finite dimensional simple
k-algebra. An involution on A is an anti-automorphism σ : A → A of order 2.
Let K be the center of A. We say that (A, σ) is a central simple algebra with
involution over k if the fixed field of σ in K is equal to k. If K = k, then σ is
said to be of the first kind. In this case, after extension to ks, the involution σ
is determined by a symmetric or a skew-symmetric form. In the first case, σ is
said to be of the orthogonal type, whereas in the second one, of the symplectic
type. If K �= k, then K is a quadratic extension of k and the restriction of σ
to K is the non-trivial automorphism of K over k. In that case, the involution
is said to be of the second kind, or a unitary involution, or a K/k-involution.

Basic results on central simple algebras with involution can be found for
instance in [6, Chapter 1]

Let (A, σ) be a finite dimensional algebra with involution over k, and let
ε = ±1. An ε-hermitian form over (A, σ) is by definition a pair (V, h), where
V is a projective right A-module of finite rank, and h : V × V → A is non-
degenerate hermitian with respect to σ. We say that (V, h) is hyperbolic if
there exists a projective sub-A-module W of V with dimk(V ) = 2 dimk(W )
and such that h(x, y) = 0 for all x, y ∈ W . This leads to a notion of Witt group
W ε(A, σ) (cf. for instance [9, Chapter 7, §2] or [5, Chapter 1, §10]). Note that
the tensor product of a quadratic form over k with an ε-hermitian form over
(A, σ) is an ε-hermitian form over (A, σ), hence W ε(A, σ) is a W (k)-module.

If L/k is a field extension, then we define AL = A ⊗k L and the involution
σL = σ ⊗ idL on AL. We have a canonical homomorphism

rL/k : W ε(A, σ) → W ε(AL, σL).

We start by recalling two results that will be used in the sequel.

Theorem 2.1. Suppose that L/k is a finite extension of odd degree. Then

rL/k : W ε(A, σ) → W ε(AL, σL)

is injective.

Proof. See [2, Proposition 2 ] �
Let L and L′ be two finite separable extensions of k. Set R = L ⊗k L′, and

let i : L → R, i′ : L′ → R be defined by i(x) = x ⊗ 1 and i′(x′) = 1 ⊗ x′. Let
AR = A ⊗k R. The maps i and i′ induce

j : W ε(AL, σL) → W ε(AR, σR),

respectively

j′ : W ε(AL′ , σL′) → W ε(AR, σR).

In the special case when L = L′, we get two maps

j, j′ : W ε(AL, σL) → W ε(AR, σR).
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Theorem 2.2. Suppose that L is a finite separable extension of odd degree of k.
Then the sequence of W (k)-modules

0 → W ε(A, σ)
rL/k−→ W ε(AL, σL)

j−j′
−→ W ε(AR, σR)

is exact.

Proof. This is proved in [1, Corollary 3.2]. Note that the Witt groups consid-
ered in [1] are slightly different, but the proof of the result carries over without
change to our situation. �

3. An exact sequence. The aim of this section is to recall some results that
will be used later. In particular, we need part of an exact sequence due to
Grenier-Boley and Mahmoudi (cf. [4, Corollary 6.1], see also Appendix 2 of [3]
for the initial exact sequence, due to Parimala, Sridharan, and Suresh). We
start by introducing some notation and terminology. We keep the notation of
the previous section, in particular k is a field of characteristic �= 2.

Let (A, σ) be a finite dimensional central simple algebra with involution
over k and denote by K the center of A.

We say that (A, σ) satisfies hypothesis (*) if we have the following:
(*) There exist λ, μ ∈ A∗ such that σ(λ) = −λ, σ(μ) = −μ, μλ = −λμ and

E = K(λ) is a quadratic extension of K.

Suppose that (A, σ) satisfies hypothesis (*) and let Ã be the centralizer of E

in A. We then have μÃμ−1 = Ã, μ2 ∈ Ã, σ(Ã) = Ã and A = Ã⊕μÃ. We define
two involutions on Ã in the following way: let σ1 = σ|Ã and σ2 = Int(μ−1)◦σ1.
There are two E-linear projections:

πi : A → Ã, πi(a1 + μa2) = ai, i = 1, 2.

If h : V × V → A is a −ε-hermitian form over (A, σ), we define the map

h2 : V × V → Ã, h2(x, y) = π2(h(x, y)).

Then h2 is an ε-hermitian form on (Ã, σ2) and the assignement h �→ h2 induces
a homomorphism

π2 : W−ε(A, σ) → W ε(Ã, σ2).

We define a homomorphism

ρ1 : W ε(Ã, σ1) → W−ε(A, σ)

in the following way: if f : V × V → Ã is an ε-hermitian form on (Ã, σ1),
then set ρ(f) to be equal to λf on V and extend it by sesquilinearity on
V ⊗ V μ = V ⊗Ã A.

We analogously define a homomorphism

ρ2 : W ε(Ã, σ2) → W−ε(A, σ) :

if f : V × V → Ã is an ε-hermitian form on (Ã, σ2), then set ρ(f) to be equal
to λμf on V and extend it by sesquilinearity on V ⊗ V μ = V ⊗Ã A. It is easy
to check that all of the above homomorphisms are well-defined.
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Theorem 3.1. Suppose that (A, σ) satisfies hypothesis (*). Then the following
sequence is exact

W ε(Ã, σ1)
ρ1−→ W−ε(A, σ) π2−→W ε(Ã, σ2)

ρ2−→W−ε(A, σ).

Proof. See [4, Theorem 1.1]. �

Proposition 3.2. Let (D,σ) be a central division algebra with involution over k.
Then there exists a finite separable extension M/k of odd degree such that the
algebra with involution (DM , σM ) over M satisfies hypothesis (*).

Proof. See [3, Lemmas 3.3.1–3.3.3]. �

4. Witt groups in inseparable extensions. We keep the notation of the pre-
vious sections. In particular, k is a field of characteristic �= 2 and (A, σ) is a
finite dimensional central simple algebra with involution over k.

Theorem 4.1. Let L be a purely inseparable extension of k. Then for ε = ±1 the
canonical homomorphism rL/k : W ε(A, σ) → W ε(AL, σL) is an isomorphism

We will prove Theorem 4.1 by induction on the degree of the algebra. We
start by recalling two results which will be used in the first induction step. At
least the first one is well-known, see for instance [8].

Proposition 4.2. Let L be a finite purely inseparable extension of k. Then the
canonical homomorphism rL/k : W (k) → W (L) is an isomorphism.

Proof. Note that as L/k is purely inseparable and char(k) �= 2, the degree of L
over k is odd. This implies that rL/k is injective by Springer’s theorem (or by
Theorem 2.1). Let us prove that it is also surjective. As L/k is purely insepara-
ble, we have L∗/L∗2 	 k∗/k∗2. On the other hand, every quadratic form over
L can be diagonalized. Hence every quadratic form over L is extended from a
quadratic form over k, and this concludes the proof of the proposition. �

Let K = k(
√

d) for some d ∈ k∗, and let σ : K → K be the unique
non-trivial k-linear involution of K. This is a unitary K/k-involution. Let L

be a purely inseparable extension of finite degree of k, and set E = L(
√

d). We
then have:

Proposition 4.3. The canonical homomorphism rL/k : W (K,σ) → W (E, σL)
is an isomorphism.

Proof. It is well-known that there is an isomorphism of W (L)-modules

W (E, σL) 	< 1,−d > W (L)

and an isomorphism of W (k)-modules W (K,σ) 	< 1,−d > W (k) which com-
mute to base change (cf. for instance [9, Theorems 2.5.2 and 10.1.2]). As rL/k :
W (k) → W (L) is an isomorphism by Proposition 4.2, this implies that rL/k :
W (K,σ) → W (E, σL) is an isomorphism too. �

Using the following application of hermitian Morita theory, we will be able
to suppose without loss of generality that A is a division algebra.



Vol. 96 (2011) Descent properties of hermitian Witt groups 551

Theorem 4.4. Let (A, σ) be a central simple algebra with involution over k and
let ε = ±1. Then there exist a division algebra with involution (D, τ) over k

and ε′ = ±1 such that the W (k)-modules W ε(A, σ) and W ε′
(D, τ) are isomor-

phic. Moreover, for every field extension L/k, the W (L)-modules W ε(AL, σL)
and W ε′

(DL, τL) are isomorphic and the following diagram commutes:

W ε(A, σ) � ��

rL/k

��

W ε′
(D, τ)

rL/k

��
W ε(AL, σL) � �� W ε′

(DL, τL)

Proof. See [5, Chapter 1, Theorem 9.3.5.] �

In the sequel for a field extension M of k we denote R = M ⊗k M .
The following result will enable us to use separable odd degree base change.

Proposition 4.5. Let f : (A, σ) → (B, τ) be a homomorphism of algebras
with involution over k. Let M be a separable extension of odd degree of k
such that the induced homomorphism f∗

M : W ε(AM , σM ) → W ε(BM , τM ) is
surjective and f∗

R : W ε(AR, σR) → W ε(BR, τR) is a monomorphism. Then
f∗ : W ε(A, σ) → W ε(B, τ) is an isomorphism.

Proof. By Theorem 2.2 we have the commutative diagram

0 �� W ε(A, σ)
rM/k��

f∗

��

W ε(AM , σM )
j−j′

��

f∗
M

��

W ε(AR, σR)

f∗
R

��
0 �� W ε(B, τ)

rM/k�� W ε(BM , τM )
j−j′

�� W ε(BR, τR)

A diagram chase using the surjectivity of f∗
M , the injectivity of f∗

R and the
injectivity of rM/k shows that f∗ is surjective. The injectivity of f∗ follows
from the injectivity of f∗

R. �

Proof of Theorem 4.1. We prove the theorem by induction on the index of
the algebra A. If this index is equal to 1, then A is a matrix algebra over K.
By Morita theory (see Theorem 4.4) we can assume that A = K. Then either
the involution is the non-trivial automorphism of K/k or it is the identity
and K = k. These cases are covered by Proposition 4.3, respectively Proposi-
tion 4.2, noting that W−1(K,σ) 	 W (K,σ) (cf. [9, Remark 7.6.7]).

Let us assume that the index of A is greater than 1. By 4.4, we can suppose
that A is a division algebra. Then there exists a finite, separable extension of
odd degree M/k such that (AM , σM ) satisfies the hypothesis (*) of §3 (cf. 3.2).
Using 4.5, we may replace A by AM . Hence we have the exact sequence from
Theorem 3.1. Let L be a purely inseparable extension of k. It is easy to check
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that the following diagram is commutative:

W ε(Ã, σ1)
ρ1 ��

r1

��

W−ε(A, σ)
π2 ��

r2

��

W ε(Ã, σ2)
ρ2 ��

r3

��

W−ε(A, σ)

r4

��
W ε(ÃL, σ1L)

ρ1 �� W−ε(AL, σL)
π2 �� W ε(ÃL, σ2L)

ρ2 �� W−ε(AL, σL)

By the induction hypothesis, r1 and r3 are isomorphisms. In addition, r4 is
injective (cf. Theorem 2.1), so by the four-lemma we obtain that r2 is surjec-
tive. Its injectivity clearly follows from Theorem 2.1. Replacing ε by −ε, this
completes the proof of the theorem.
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École Polytechnique Fédérale de Lausanne,
EPFL-FSB-MATHGEOM-CSAG,
Station 8, 1015 Lausanne,
Switzerland
e-mail: danielarnold.moldovan@epfl.ch

Received: 9 October 2010


	Descent properties of hermitian Witt groups in inseparable extensions
	Abstract
	1. Introduction
	2. Definitions, notation and basic facts
	3. An exact sequence
	4. Witt groups in inseparable extensions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


