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Abstract

We prove that ifUx(g) is a quasitriangular QUE algebra with universl
matrix R, and0(G*) is the quantized function algebra sitting insldgg), then
hlog(R) belongs to the tensor squa(G*)® Ox(G*). This gives another proof
of the results of Gavarini and Halbout, saying tRatormalizesg(G*)® O(G*)
and therefore induces a braiding of the formal gr@igin the sense of Weinstein
and Xu, or Reshetikhin).

§ O Introduction

Let (g,r) be a finite-dimensional quasitriangular Lie bialgebra avéeld k
of characteristic 0, and I§tUx(g),R) be a quasitriangular quantization @f,r).
Recall that this means that (see [Dr]):
(1) (g,[—,—],9) is a Lie bialgebrar € g® g is a solution of the classical Yang-
Baxter equation, and the cobracket g — A?(g) of g is given byd(x) = [x®
1+1®xr]forxeg;
(2) (Ur(g),m,A) is a quantized universal enveloping (QUE) algebraig the
product ofUg(g), A is its coproduct)R € Uﬁ(g)®2 satisfies the quasitriangular
identities:

(A®id)(R) = RBR?, (id®A)(R) = RIPR?,

(id®e)(R) = (e®id)(R) = 1, A% — Ad(R) 0 A,



where AdR)(x) = RxR™! for x € U-(g)®2, and

<}ﬁ(R— 1) modh_> =r; (0.1)

here® denotes thér-adically completed tensor product, the megs> (xmodh)
is the canonical projection

Un(9)%2 — U(g)™2 [%]k U(g)“?

andr is viewed as an element bf(g)®2. Forn > 0, let us denote b, : Ur(g) —
Ur(g)®" the map
&= (id—nog)® oA,

whereA™ : Ur(g) — Ur(g)°" is then-th fold coproduct and, £ are the unit and
counit maps obx(g). Set

OR(G") = {x € Ug(g) | Yn > 0, 8,(x) € A" U()™"}.

Then a classical result (see [Dr, Ga]) says thatG*) is a quantization of the
Hopf-Poisson algebr&(G*) of functions on the formal group corresponding to
g* (s00(G") =U(g")").

According to(0.1), we haveR € 1+AU(g)®2. SologR) = § (—1)"&-2"

n
n>1

is a well-defined element ¢fUr(g)*2

Theorem 0.1. Setp = £log(R). Thenp belongs toﬁ’ﬁ(G*)(§§2 (this is a sub-

algebra of L#(g)@)z). If my; is the augmentation ideal af;(G*), we even have
p € (mp)“2.

Here® denotes the completed tensor product of formal series algels a
corollary, we obtain a result of [GH].

Corollary 0.2. ([GH]) The R-matrix R normalizeﬁﬁ(G*)@, in other words,
Ad(R) : Ux(g)“? — Ug(g)“2 restricts to an automorphism @f-(G*)®2,

Gavarini and one of us (see [GH]) derive from this result mnv:—it([R)“T o the
reduction modh'of Ad(R) is an automorphism of(G*)® 0(G*), satisfying the
braiding identities of [WX] or [Re]. In a forthcoming papeve plan to prove that
this braiding coincides with the braiding defined by Weimstnd Xu in [WX].

This paper is organized as follows: we prove Theorem 0.1 ati@e2.b. This
proof uses a combinatorial result on universal Lie algeBby 2s) which is stated
and proved in Section 1. In Section 3, we prove Corollary @lngTheorem 0.1.



§ 1 Atheorem on the universal Lie algebraF(n 0

In this section, we introduce a Lie algelffg , (Section 1.a). This Lie alge-
bra is universal for the following situatior is an algebrap € A®2, and we con-
sider elementp’l € A®("™P) i c {1... n}, je{n+1,...,n+ p}. We construct
elements) n in a completion of np)’ using the Campbell-Baker-Hausdorff se-
ries (Section 1.b). The main result iIs Theorem 1.2 on theaviln (for the total
degree) oB np)" It will be used in Section 2 to prove Theorem 0.1 on lthadic
valuation oé universaR-matrices.

Letn, p be integers> 1.
-a- The Lie aIgebraF(n o)
Let us denote by Fr%gp) the free Lie algebra with generatoi§j, where

(i,)) €{1,...,n} x{1,..., p}. Let us denote bi}(n 0 the quotient of Fre(g 0 by
the relations

[f(lt,jvz'r’j/] =0 wheni # i, andj ;é j’_
We denote by ; the image o¥; ; in Free, . The Lie algebra Freg  is graded

by & Ne; ;) where deg¥ ;) = &, ;,. We call this grading théne
(b)) efLon}x{Lomp} D) ’ (i.1)
degree Freqn o) has also aN-grading which we call theéotal degree the total

degree oRi’j is 1. These gradings induce gradings! Do)
ForA= Freefn 0 OF F(n 0 andk € B j)Ns(i ) (resp.,k € N), we denote by,

(resp.,A)) the fine degre& part (resp., total degrdepart) of A. We denote by&
the completion ofA with respect to the total degree. So

K:!;LAk.

- b - The Campbell-Baker-Hausdorff series

If N is an integer, let us denote by Fgethe free Lie algebra with generators

X1,..., %y and byF/rqu its completion with respect to the total degree. There
exists a series
Xy % x Xy € Freg,

such that the identity

exp(X; x---x Xy) = exp(X)) - - - exp(Xy)
holds in the completior’tn?ﬁalg\I of the free associative algebra Fregalgith
generatorx, ..., Xy, with respect to the total degree (see [B0]).

Let g be aN-graded Lie algebra, s = @Ogn and letg be its completion;
n>

sog =[] gn. If X,...,%, are elements of, with valuation> 0, then there is a
n>0



unique continuous Lie algebra morphism F/rEq\l — g, taking eactx to x,. We
then define
Xq Kook Xy 1= TI(X Kok Xy )-

A~

-c-The element55(n,p) of I:(n,ID)

Definition 1.1. We set

d=y 3 3 e

K 1<iy << <n,
1< <<y <p

(&17j1*xi1’j2*---*&17j|)*(>q27j| *“.*XiZ’jI)*“.*(Xikvjl*“.*xik’jl>.

According to Section 1-b, the eIemeﬁU1 0 belongs td:(n o)’

~

Theorem 1.2. The valuation oﬁ(n o) for the total degree oIF(n o) is>n+p—1.

PROOF. Fork € & Ne,. .

(ih))e{Lmnx{L.py ()
component 0B, . Define the support df, suppik) as the set of all pair§i, j)
such that(i, j) # 0. If Sis a subset of1,...,n} x {1,..., p}, we call thei-th
column of She intersection o with thei-th column{i} x {1,...,p}, and the
j-th line of Sits intersection with thg-th line {1,...,n} x {j}. If S| is a subset
of {1,...,n}, we denote by5, its complementl,...,n}\S;; if S, is a subset of
{1,..., p}, we denote b5, its complemen{1,...,p}\ S,. We will show:

, we denote byS(n 0K the fine degre&

, we haved =0 unless S=

Proposition 1.3. For each ke i) Ns(m (n,p)

suppk) satisfies the following conditions:

(1) each column of S is nonempty;

(2) each line of S is nonempty;

(@)ifS, c{1,...,nfand S C {1,..., p} are proper subsets (i.e., they are non-
empty as well as their complements) thefi §5, x S,)U (S, x S,).

Proposition 1.4. If S is a subset of1,...,n} x {1,..., p} satisfying conditions
(1), (2) and(3) of Proposition 1.3, thecardS) > n+ p—1.

Theorem 1.2 now follows from these propositions and thetfedtthe total degree
of an element of Frggp) of degreek is > card supgk)). O

- d - PROOF OFPROPOSITION1.3.

Fori € {1,...,n}, there is a unique continuous Lie algebra morphism

A

i- Fn7p_> I:n—l,p



X if i <i
X ji 0 if i’ =i
Xi_qjr if il >1i.

Similarly, for j € {1,..., p}, there is a unique continuous Lie algebra morphism
X 0 <]
X jr_1 if j'>]j.
The proof will essentially consist in the following Lemma$,11.6, and 1.7.

Xi,7

Lemma 1.5. For each i€ {1,...,n}, we have\,(J

. (np) =0
For each je {1,...,p}, we havepj(5(n p)> =0.

Lemmal.6.If o I?(n o) is such that}; (a) = 0, then the homogeneous compo-

nenta, of a satisfiesa, = 0, unless the i-th line aupfk) is nonempty.
In the same way, ip;(a) = 0, thena, = 0 unless the j-th line obupgk) is
nonempty. -

After Lemmas 1.5 and 1.6 are proved, we know @ﬁ‘p),k = 0 unless each line

and each column o = supgk) is nonempty. This proves th&should satisfy
conditions(1) and(2). The fact thasS satisfies conditior§3) will follow from:

Lemma 1.7. Leta € If(n 0 be homogeneous of degreeAssume that each line
and each column afupgk) is nonempty. Thea = O unless ksatisfies conditions
(3) of Proposition 1.3.

So Lemmas 1.5, 1.6, and 1.7 imply Proposition 1.3. O
We now prove Lemmas 1.5, 1.6, and 1.7:

PROOF OFLEMMA 1.5. If |1 C {1,...,n} andJ C {1,...,p}, let us setk =
cardl), I =cardJ), andl = {iy,... i}, I ={jq,..-,j;} where 1<i; <--- <
i <nand 1< j; <--- < J; < p. Letus then set

1J _ n+p—k—I
6(”7}0) o (_l) Xil’jl *Xilvjz*” '*Xikaj| :
Then we have:
o) = z o

(n,p) (n,p)
Ic{1,...,n},

Jc{1,....p}



Leti € {1,...,n} and let us prove thak (J

(n p)) = 0: we write

0,

_ "3 1'U{i},d
(np) — Z 5np)+5n ’

(n, (n,p)
I'c{L,..nH\{i},
Jc{1,...,p}

and we now show that for arfy’,J),

(5113 i _
X (8 + oi™) =o.

This follows from the following facts:

e if ¢ : g— g is amorphism of complete graded Lie algebras, @nd ., x
are elements of’ of positive valuation, then

O (X)) * - xP(Xy) = P (X %+ % Xn);

e we have the identity - - - x X x Ox X 4 * - * Xy = X K-+ Kk Xy

The proof ofp;(§, ;) = 0 is similar: we write

(n,p)
_ 1LJU{j} 1,J
5(”43) - Z 5(n,p) + 5(n,|0)’
Ic{1,...,n},
Jc{1,.,p3\{i}

and then show that

(SIS
Pi (5(n,p> +5(n,p)) 0

for any pair(l,J') using the same arguments. O

PROOF OFLEMMA 1.6. It will be enough to prove Lemma 1.6 whiea n. Let
a be an element df, p. Set

a= > o

ke b M)

wherea, has degred&. Assume thait\,(ar) = 0, we want to show thatr, =0
unless then-th column of supfk) is nonempty. We will now write: -

a= a,+ > a,.
k | n-th columr{suppk))#0 k| n-th columr{suppk))=0

Now An(a, ) = 0 as soon as theth column of supfk) is nonempty, so we get

An(a,) =0 (identity inF,
k | n-th columr(supgk))=0 B

(nfl’p)). (1.2)



There is a unique Lie algebra morphism anl,p — Fn,p, taking each<i’j to X ;-
We have
Anotl =idg

n-1,p
thereforer is injective. Moreover, let# be the Lie subalgebra & , generated
by thex; ;, i € {1,...,n}, j € {1,...,p}. F is the image of the Lie subalgebra
F C Freqn 0 generated by thg ;, i € {1,...,n—=1}, j €{1,...,p} under the
canoni.cal proj.ection Fr%gp) — F(n,p). Denpte by : Fregn_Lp) — Fre%p) the
morphism taking eacl?g’j to %,j’ then the diagram

T —~—
Freqnilvp) — ZF = Freqnvp)

3 1 3

1
Fooipg — F — F

(n,p)
commutes. Since the vertical arrows are ontoTanEregm1 — 7 isonto,! :
. ) : p) :
Freqn_l 0~ Z isonto. Sa : Fre(%n_1 0~ Z is an isomorphism. Now if the
n-th column of supgk) is empty, we haver, € .#. Apply I to identity (1.2), we
get -
a,=0 (identity inF

= (n_l7p))‘
k | n-th columr{supgk))=0

Separating homogeneous components, wenget 0 for eachk, such thain-th
column(supgk)) = 0. - O

PROOF OFLEMMA 1.7. Leta € F(n 0 be of fine degre&k, and assume that
k satisfies(1), (2) but not(3). So we have proper subses C {1,...,n} and
S, C{1,...,p} such that

suprk) C (S;x $,)U(S, % S,).

The rectangleR=S, x S, andR = §1 X §2 are disjoint. Moreover, conditiofi)
(or condition(2)) implies that supfk) "R and supgk) "R are both nonempty.
Let(k(i,j)?m) be the.co.m.ponent &¢fin the ba3|s(£(i,j))(i,j)E{L___7n}x{l7___7p}. Then
k(i i # 0if and only if (i, j) € supgk), so

k= k..€g...
i1yt (i) (00

Now there exist$3 € Fregn 0 of fine degreek, whose image under Free, —
F(n 0 is a. Moreover, standard results on free Lie algebra (see [Boply that
B has the following form: selk| = z(i,j)g{l,...,n}x{1,.:.,p} k(i,j)’ qu say that a map
peA{L,. k= {1,...,n} x{1,..., p} isak-map if for any(i, j) € {1,...,n} x
{1,...,p}, cardu=L(i, j)) = k(i i) If uis ak-map, let us defing&, as the iterated
Lie bracket

%= | [ K] R v+ K]



Thenp is a linear combination

B = Z Bufua

pe{k-mapg

where the,, are scalars. Defing, as the image df, under the map Free, —
::(Bp).d'l'hena = 3 yefk-maps BuXy. On the other hand, = 0 if u is anyk-map.
ndee

X = [ qu(lwxu(a] ,xu(3)} ""’Xu(lk\)} ’

Then, sinceRNR = 0, supgk) "R # 0 and supfk) "R # 0, there exists an
integerv € {1,...,|k| — 1}, such that one of the following possibilities occurs:

e eitheru(l),...,u(v) e Randu(v+1) eR
e oru(l),...,u(v) eRandu(v+1)eR

Now the bracketxa,xﬁ] vanishes whem € Randp € R.. It follows that in both
cases, the bracket

[ qu(l)’xu(Z)] ’Xu(S)} ""’Xu(v+1)}

vanishes. Therefong, = 0, which impliesa = 0. O

- e - PROOF OFPROPOSITION1.4.

The argument will be an induction over p. Assume that the proposition is
proved whem+ p < N and let us prove it when+ p=N+1. Let(n, p) be such
thatn+ p= N+ 1 and letSbe as in the proposition. We may assumg p. If
each column oShas> 2 elements, then

cardS) >n2>n+p—-1

Each column oShas> 1 element by assumptiofi), so we can assume th&t
has a column with exactly 1 element. We may assume that #isezit is(n, p).
Let us now seS = SN ({4,...,n} x {1,...,p}) and prove thaB satisfies the
analogues (1), (2") and (3) of the assumptions of the psifan, where(n, p)
is replaced byn—1, p):

(1) fori=1,...,n—1, thei-th lines ofSand ofS coincide so the-th line of
S is nonempty;

(2) for j=1,...,p—1, thej-th lines of Sand ofS coincide, so thg-th line
of S is nonempty. Let us prove that theth line of S is also nonempty. If not,
we would have(n-th column ofS) U (p-th line of S) = {(n, p)}, contradicting
assumptiorn(3) onSwith S, = {1,...,n—1} andS, = {1,..., p— 1}. Therefore
all the lines ofS are nonempty;

(3) assume that there exist proper sub&ts {1,...,n—1}, S, {1,...,p},
(i.e., nonempty and with nonempty complement), such that

Sc(ExSU(({L....n=1}\8) x ({1,...,p}\S)) -



ThenifpeS,, letusseB =S U{n},andifpe {1,...,p}\S,, letus sef, =§.
Then in each case, sin&=S U {(n,p)}, we get

SC(S§ xS UL, n\§) x ({1, PI\ ),

thus contradiction the fact th&satisfies assumptiof8). ThereforeS satisfies
assumption (3").

Now S satisfies the assumptions of the proposition, #itjp) replaced with
(n—1,p). Since(n—1)+ p=N, we may apply the induction hypothesis. So
cardS) > (n—1)+ p—1. Now cardS) = cardS) + 1, so cardS) > n+ p— 1.
This proves the induction step. O

§ 2 h-adic valuation properties of universalR-matrices

In this section, we first identify a tensor product of QFSHgized formal
series Hopf) algebras as a subspace of the tensor produee abtresponding
QUE algebras (Proposition 2.1).

- a - Tensor product of QFSH algebras
LetH be a QUE algebra. The corresponding QFSH algebra is:

H'={xeH|vneN, 5 (x) e A"H"}

(whered) = (id—n o £)“" o AlM). We express this condition as follows: set

5o :nELcSS‘) - H —>n|;LH®”.
H — ( tot) (rLﬁnH®n>

In the same way, K is another QUE algebra, we define
K' — ( tot ) (l—LﬁnK®n>

Then3( @ (1% is a linear mapH®K — ] HO"@KCP.
oK n,p=0

Then

Proposition 2.1. The tensor product of QFSH algebras &hd K is

H'@ K = (q&tot) ®5|£tot))7l ( |—|

n,p=0

ﬁfH-pH ®n K®p>



ProOF We will need the following lemma:

LemmaZ2.2.LetV,, V,, T;, T, be vector spacesand 1&f: V, = T,,6,: V, =T,
be injections. Let § S, be vector subspaces of, T, and set Y= §~1(S). Then

U 0U,=(5,8,)71(5,85).

The proposition then follows because the mag) and (Y are injective.
Indeed x can be obtained frorﬁSOt) (X) by the formula:

= (a00), o (a200))

O

PROOF OFLEMMA 2.2. LetW, =1Im(4,;), W, = Im(5,). ThenW, @ W, =
Im(d, ® &,). So

WCT, WCT,, WWCT,®T,.
We should prove that v, C T;, W, C T,, then the subspag®;, N'S)) ® (W, N'S,)
CW, ®W, is equal toW, W,) N (S, ®S,). Identifying the spaceyg, with their
imagesW = Im(&;) through the maps,, we should prove the following state-
ment:

Lemma 2.3. Let T, T, be vector spaces, and let for eackil, 2, W and $ be
vector subspaces of. Trhen

W NS)@W,NS,) =W, @aW,)N(S®S,).

Indeed U, ®U, can be identified witfW, N'S) ® (W, N'S,) throughd, ® J,,
whereags, ® 6,)~1(S, ®S,) can be identified witfW, ®W,) N (S, ® S,) through
the same map. O
PROOF OFLEMMA 2.3. Introducing supplementary vector spaﬁqe@fwi ng
iNnW and§ of WN§in §, we get

{ W= (WNS) oW
§S= Wn§)es
W+§=WNS)aW S, soW,+S)® W, +S,) is the direct sum of nine
summands. The subspaddls®W, andS, ® S, are the sums
WaW, = (WNS)®WNS,)) & (WNS) W)
B (W, © (W,NS,)) & (W, & W)

88 = (WNS)@W,NS)) & (W,NS)eS)
® (S eWNS)) 8 (5,85,),

10



the intersection of which i8NV, NS)) ® (W, NS,). O
- b - PROOF OFTHEOREMO.1.
Let (Ur(g),R) be a quasitriangular QUE algebra. Qet= hlog(R). Then

p € RPU(g)?2. Forx, y € Ux(g) "1, let us set
{xytr= [X y).

Then{—, —} restricts to a Lie bracket
{==1 A2 (PPUR(e)™) = PUR() ™,

Its image is actually contained hf’lJ_ﬁ(g)@k. According to Proposition 2.1, the
statemenp € 0(G*)®2 is equivalent to

(5<“> L )(p)Eﬁ”+pUﬁ(g)®(”+p) (2.3)

)

for anyn, p > 0. Let us therefore prove this statement: &b ¢ ﬁzuﬁ(g)@‘, let
us set

a*kb:a+b+%{a,b}ﬁ+--- ; (2.4)

the series (2.4) makes sense because of the following factciFree, is a Lie
monomial of degreep in two free variablesA, B, andm({—,—}x,a,b) is the

image ofm by the Lie algebra morphism Frge:> ﬁzuﬁ(g)®k defined byA — a,
B b, then ~
m ({_7 _}ﬁa aa b) € ﬁp+luﬁ(g)®k

Recall thatp € ﬁzuﬁ(g)®3. The quasitriangular identities then imply thmatatis-
fies

(By, g 21d) (p) = PM¥x3023, (id@y ) (P) = P*x5p™2.  (25)
There is a unique Lie algebra morphism
Buoy * Foy = (U0 9. (-.)),
X phnt
for each(i, j) € {1,...,n} x {1,..., p} (herep""™I is the image op by the map
Uﬁ(g)®2 s Uﬁ(g)®(n+p)’

taking the first component d)fﬁ(g)@)2 to thei-th component, and the second com-
ponent to thén+ j)-th component). Then the identiti€2.5) imply

(n) (p) _
(5Uﬁ(g) = 5Uﬁ(g)) (P) = @ (%p)) : (2.6)

11



Let a € Fregn b) be an element of total degrek Then we have seen that
Gy (@) € AU (g) 2 (0P, Since g, , has valuation> n+p—1, we get
Dy (O ) € A™PU(g)®(™P). According to(2.6), this implies identity(2.3).

So we getp € ﬁﬁ(G*)éz. Since we havée ®id)(R) = (id®¢)(R) = 1, we get
(e®id)(p) = (id®e)(p) = O, thereforep € (mp) 2. O

§ 3 Proof of Corollary 0.2.

The spacdaJﬁ(g)®2 is a quantization of x g and 6’5(6*)®2 is the correspond-
ing QFSH algebra. Sat= g x g, let D* be the corresponding formal group,
and setUx(2) = Up(g)¥2, Ox(D*) = Ox(G*)“2. Denote bymg(D*) the aug-
mentation ideal ofgx(D*). Thenm;®1 and m are subspaces ofi-(D*),
Sop € mﬁ(D*)Z. Corollary 0.2 will follow from the following proposition:

Proposition 3.1. Letd be an arbitrary finite-dimensional Lie bialgebra, let(®)
be a quantization ob, let O5(D*) be the QFSH subalgebra of ), and let
mg(D*) be the augmentation ideal @f-(D*). Letp be an arbitrary element of
mg(D*)2.

(1) the operation{—, —}: AZ (U(2)[AY]) — Ug(d)[A] restricts to

{—,—}5 : A*(Ox(D")) — OR(D*);
(2) for any k | > 0, we have

{mp(0") mg(0)'}_c mp(D*)kH,

(3) (D") = lim (ﬁh—(D*) /(mp(D*) + ﬁﬁﬁ(D*))k) et us set

ady(p)(x) = {P, X}p,

then the exponentiaxp(ad(p)) is a well-defined continuous algebra automor-
phism ofG(D*);

(4) We havep € h?Ug(d), soexp(£) is a well-defined element af+ AUR(d).
LetAd (exp(£)) be the inner automorphisms exp(2) xexp(2) ™ of Ux(2).
ThenAd (exp(%)) restricts to an automorphism &f(D*), which coincides with

explady(p)).

PROOF

(1) 0(D*) is a subalgebra &J4(0), and its reduction moduleis commutative,
so forx, y € 0(D*), [x,y] € hOR(D*), i.e.,{X,y}y € Ox(D*).

(2) Lete : 0x(D*) — K[[N]] be the augmentation map. Af y € G(D*), then
£([x,y]) =0. Sohe({x,y}r) =0, i.e.,e({x,y}r) =0, so{x,y} € m(D*). There-
fore {my(D*),m(D*)} C my(D*). Applying the Leibniz rule, we get (2).

12



(3) The first part is contained in [Ga]. The second part foldvom (2): p €
my(D*)?, therefore ag(p) ((my(D*)¥) C mp(D*)¥*+2 for anyk.

(4) If x € 0(D*), thenx— &(x) € hUL(d). If, in addition, x € mg(D*), then
£(x) = 0 sox € hUx(2). Somy(D*) C AUL(2) andmg(D*)? C A?Ux(?). Let us
now show that the diagram

Uy MEE) ye)
t t (3.7)
o0 ") 4 o

commutes. This means that we have the identityJ((o)):

exp(ady(p)) (x) = exp(gﬁ) xexp(gﬁ) _1,

for anyx € 0(D*). To show this identity, let us introduce a parametand show
the same identity, whereis replaced byp. This means that we have the identity

t tpy 1
exp(adi(tp)) (x) = exp(—g) xexp(—g) .
This last identity follows from the fact that its two sidesrutide whent = 0, and
that they both satisfy the differential equation
d
X0 =ad(p)(x(1)).

It follows that the diagram (3.7) commutes. Therefore thepmal (exp(%)
restricts to an automorphism 6%(D*), which coincides with exfad.(p)). O
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