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In this paper we obtain a multivariable commutator lifting inequality, which
extends to several variables a recent result of Foiag, Frazho, and Kaashoek.
This inequality yields a multivariable lifting theorem that generalizes the
noncommutative commutant lifting theorem.

This is then used to solve new operator-valued interpolation problems of
Schur-Carathéodory, Nevanlinna-Pick, and Sarason type on Fock spaces.
Some consequences to norm constrained analytic interpolation in the unit
ball of C" are also considered.

Introduction

Foias, Frazho, and Kaashoek [Foias et al. 2002a] solved a problem proposed by
B. Sz.-Nagy in 1968, extending the commutant lifting theorem to the case when
the underlying operators do not intertwine. Their main result establishes minimal
norm liftings of certain commutators. Our main goal is to obtain a multivariable
version of their result.

Let T =[Ty,...,T,] with T; € B(3) be a row contraction, that is,

nr'+---+1T,T) < I,

and let V =[Vy, ..., V,] with V; € B(¥) be an isometric lifting of T on a Hilbert
space KX D ¥, that is,
V~*Vj=5ijl and P%Vl ZT,P%

1

forany i,j=1,...,n. LetY =[Yy,...,Y,] with ¥; € B(%) be another row
contraction and let W = [Wy, ..., W, ] with W; € B(¥) be an isometric lifting of
Y on a Hilbert space & D %Y. In Section 1 we will prove the following commutator
lifting inequality:
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If A € B(Y, K) is a contraction, then there is a contraction B € B(X, X)) such
that B*|y = A* and

|viB—BW:| < V2|IT1A—AY,, ..., T,A—AY,]|"*
forany i =1, ..., n. Moreover, /2 is the best possible constant.
In the particular case when T;A = AY; for every i = 1, ..., n, the inequal-

ity implies the noncommutative commutant lifting theorem for row contractions
[Popescu 1989b, 1992] (for the classical case n =1, see [Sz.-Nagy and Foias 1970;
Foiag and Frazho 1990]). When n = 1, we obtain the Foiag—Frazho—Kaashoek re-
sult [2002a]. In Section 1, we obtain an improved version of the above-mentioned
inequality (Theorem 1.1), which has as consequence a generalization of the non-
commutative commutant lifting theorem (see Section 2) and of the lifting theorem
obtained by Foias, Frazho, and Kaashoek [2002b].

In the last section of this paper, we use our new lifting theorem to solve the
operator-valued interpolation problems of Schur—Carathéodory type [Schur 1918;
Carathéodory 1907], Nevanlinna—Pick type [Nevanlinna 1919], and Sarason type
[Sarason 1967] on Fock spaces.

To give the reader a flavor of our new interpolation results, we mention (as a
particular case) the scalar Nevanlinna—Pick type interpolation problem for F2(H,,),
the full Fock space with n generators. Let k, m be nonnegative integers and let

By = {(h1. o h) €C" 1 (AP - 42 < 1)

be the open unit ball of C". For {ZJ}T:1 C B, and {wj}’;?:] C C, there exists an
fe F%(H,) such that

fllgp, <1 and f@)=w;, j=1,...,m,

if and only if

|: 1 :|m . |:(1 o <Zj, Zq)k-‘rl)ijq]m .
1=z, 2g) Jjg=1 1=z, z¢) j.g=1

Recall that || f o, is defined by

Ifllg, :=sup{ll f®pll: pePlpl <1}

where P, is the set of all polynomials of degree < k in the Fock space F?(H,),
and that (FZ(H,,), Il - ||g>k) is a Banach space. Moreover, if f lies in F%(H,) and
limg— oo || fllg, exists, then f lies in the noncommutative analytic Toeplitz algebra
F;* introduced in [Popescu 1991] (see also [1995a; 1995b]). In this case we have

Ifllog = Hm [ £,
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We remark that, given f € F 2(H,), the evaluation 7 +— f(z) on B, is a holomorphic

function on the unit ball of C" (see Section 3). Furthermore, [Arveson 1998] proved

that, when f € F°, the map z — f(z) on B, is a multiplier of the reproducing

kernel Hilbert space, whose reproducing kernel K,, : B, x B,, — C is defined by
1

Kﬂ(Z7 w) = W, Z,U)GBn.
- ) Cn

The above-mentioned interpolation problem is an F2(H,,)-interpolation problem
if k =0. Setting k — oo, it implies the Nevanlinna—Pick interpolation problem for
the noncommutative analytic Toeplitz algebra F,)°, which was solved in [Arias and
Popescu 2000; Popescu 1998] and, independently, in [Davidson and Pitts 1998].
Recently, interpolation problems on the unit ball B,, were also considered in [Arias
and Popescu 1999; Agler and McCarthy 2000; Ball and Bolotnikov 2002; Es-
chmeier and Putinar 2002; Ball et al. 2001; Popescu 2001a; 2001b; 2002a; 2002b;
2003].

In a future paper, we will provide an explicit solution (the central interpolant)
for our multivariable lifting interpolation problem (see Theorem 2.2), show that the
maximal entropy principle [Foias et al. 1994] is valid in this new setting, and obtain
Kaftal-Larson—Weiss suboptimization type results [Kaftal et al. 1992; Popescu
2002a] on Fock spaces. We will also find explicit solutions for the operator-valued
interpolation problems considered in the present paper.

1. Commutator lifting inequalities

Let H, be an n-dimensional complex Hilbert space (n can be infinite) with an

orthonormal basis ey, e, ..., e,. Consider the full Fock space of H,, defined by
F*(H,) = HE",
k>0

where H®" := C! and H®* is the (Hilbert) tensor product of k copies of H,. For
i=1,...,n, define the left creation operators S; : F*(H,) — F?(H,) by

Sy i=e®Y, e F (H,).

Let ;" be the unital free semigroup on n generators g, . . ., g, and identity go. The
length of « € Ff is defined by |o| :=k if « = g;, &i, - - &iy.» and |er| ;=0 if & = go. We
setey :=¢;,®e;,®- - -Qe;, and ey = 1. Itis clear that {eo, ‘o€ [F,J[} is an orthonormal
basis of F>(H,). If Ty, ..., T, € B(¥) (the algebra of all bounded linear operators
on the Hilbert space ¥), we define Ty, := 1;,T;, --- T;, if o = gi,8i, - - - &i,» and
Ty, = Iy
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Let us recall from [Frazho 1982; Bunce 1984; Popescu 1989a; 1989b; 1989c] a
few results concerning the noncommutative dilation theory for sequences of oper-
ators (for the classical case n = 1, see [Sz.-Nagy and Foias 1970]). A sequence of
operators T = [T}, ..., T,] with T; € B(#) is called a row contraction if

NI+ +T,T,) < Iy.

We say that a sequence of isometries V =[Vy, ..., V,] with V; € B(¥) is a minimal
isometric dilation of T on a Hilbert space I 2 € if the following properties are
satisfied:
(1) V*V; =0 foralli #j, i,je{l,...,n};
2) Vl-*|gg=7}* forall j=1,...,n;
(3) K= Vyepr Vo X.
If V satisfies only the condition (1) and P, V; = T; Py, fori = 1,...,n, then V is
called an isometric lifting of T. The minimal isometric dilation of T is an isometric
lifting and is uniquely determined up to an isomorphism [Popescu 1989b].

Let us consider a canonical realization of such a dilation on Fock spaces. For
convenience of notation, we will sometimes identify the n-tuple T = [T}, ..., T,]
with the row operator T = [T} - - - T,,]. Define the operator

Dp:@i_ % - @, % by D= (IGB}LI% — T*T)

and set

172

@ := Dy (D)=, %),
where @J'-lzl J¢ denotes the direct sum of n copies of #. Let D; : ¢ — 1 Q% C
F?(H,) ® % be defined by

Dih:=1® D;(0,...,0,h,0,...), i=1,...,n.

i—1 times
Consider the Hilbert space 3 := # & (F 2(H) ® Qb) and define V; : ¥ — ¥ by
(1-1) Vith®§) = Tih® (Dih+ (Si ® I5)E)
forany h € # and & € F?(H,) ®%. We have
T; 0
1-2 Vi=| ! ]
(1-2) ; [ Dy Si®1,

with respect to the decomposition X = # & (F 2(H,) ®Qb). In [Popescu 1989b] we
proved that V :=[Vy, ..., V,] is the minimal isometric dilation of 7.

The main result of this section is the following lifting inequality in several vari-
ables:
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Theorem 1.1. Let T = [T}, ..., T,] with T; € B(3) be a row contraction and let
V =[Vi,..., Vu] with V; € B(X) be an isometric lifting of T on a Hilbert space
HDOH. Fori=1,...,n,let®X; C & be orthogonal subspaces and R; € B(¥;, %)
be contractions. If A € B(X, #) is a contraction, then there exists a contraction
B € B(X, ) such that Py, B = A and

(1-3)  |ViBRi = Bls,| < V2||[TiARi — Alx, , ..., TuAR, — Alx, ]|

forany i =1, ..., n. Moreover, N2 is the best possible constant.

Proof. Fori =1, ..., n, define the operators X; € B(¥;, #) by X; := T;AR; and
let X :=[X,..., X,]. Since X is a row contraction, we have

”DX(@Ll hi)||2 = || DT(@?:I ARihi) ”2 + “697:1 DyRih “2 + ”EBln:l Dy, hi ”2
> | D (By AR | + | By DyRii]*

forany h; €;, i=1,...,n. Since A € B(¥, ¥) is a contraction and the subspaces
&, are orthogonal, the operator [Aly,, ..., Alg,] is a contraction acting from the
Hilbert space @:’:1 &ito K. Fori=1,...,n, define the operators M; € B(¥;, ¥)
by M; := X; — Alg, and write M :=[M}, ..., M,]. Since

(1-4) M = X—[Alg,, ..., Alz,],

it is clear that || M| < 2. Setting y := 2||M||, we have ||M*M | < y and it makes
sense to define the defect operator

Dy, = (yI-M*M)" € B@L, %)
Note also that

(1-5) I[Ale,, ... Alg, "M + M*[Aly,, ..., Alz,]

=v.

Taking into account the relations (1-4) and (1-5), we obtain

| Dx (@i 1) |
<((1 = [Alz,, ... Alg, T [Alg,, ..., Ale, ) (DI hi), DB hi)
+ ((VI—M*M)(@?zlhi)’ D hi>
= @i mil” = IS Ani” + | Dary (@i 1) [
= ||DA(Z?:1hi)||2 + ”DM»V(@?:Ihi)HZ

forany h; e%;, i =1, ..., n. The latter equality is due to the fact that the subspaces
&; are orthogonal and A is a contraction. Now, putting together the two inequalities
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for Dy, we obtain

15, @] = [ PgE @

Y

|

forany h; € ¥;, i =1,...,n. Hence, by using Douglas’ factorization theorem,
we infer that there is a contraction

[g ?] L9, @ (B, %) > 9,0 (D, )

C E|[[D4l%,. ... Dylw,] D, (P, AR;)
ZF Dy, @D, DR |
The operator C € B(%,, 9,) satisfies the equation
(1-6) C[Dylays - - Dalz,] + EDy, = Dp (D) AR;),
while the operator Z € B(%,, @!_, 9,) satisfies
(1-7) Z[Dyl#,, ... Dalz,] + FDy,, = @i D,R;.

The equality (1-6) implies

such that

(1-8) CDAh,’ + EDM,y,ihi = D;AR;h;, hi €e¥;,
where D Moy % — P;_, %; is the i-th column of the operator matrix of D My
Setting Z=1[(Z; --- Z,]" : 9, — @;_,9,, Equation (1-7) implies
ZjDA/’l,' + PjFDM,y,ihi = 5,‘jDAR,'/’l,', h,‘ € %i,
forany i, j = 1,...,n, where P; denotes the orthogonal projection of @;_, %,

onto the j-th component. In particular, if i = j, we get
(1-9) ZiDAhi + PJ'FDM,y,ihi = DARihiv hi €¥%;.

Since [C Z; -+ Z,]" : D, — D;® (P, D,) is a contraction, one can prove
that the operator A : %, — F2(H,) ® %, defined by

(o)
Ah:=Y">"ea®CZzh,  hey,,
k=0 |a|=k

is also a contraction, where & stands for the reverse of o« = g;,gi, - - - gi, € ", that
is, @ = gj, - - - 8i»&i,- Indeed, since

n
(1-10) ICRI> + > NZihl* < IRI% ke,
i=l1
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we can replace A with Z;h in (1-10) and, summing up over j =1, ..., n, we get
n n n n
dTICZihl* < Y NZihl? = DD 1Zizih)*.
j=1 j=1 i=1 j=1

Similarly, we obtain

(1-11) S NCZah > < D N Zohl? = Y 1ZghI.

loe|=k loe|=k |Bl=k+1
Summing up the inequalities (1-11) for k =0, 1, ..., m, we obtain
m
DN NCZhI? < R1P = D> 1Zphl* < A1
k=0 |or|=k |Bl=m+1

which proves that A is a contraction. Now, we define the operator

. 2 : A
B:%—%®(F(H)®%7) by  B:= [ADA ‘

We will prove that the contraction B has the required properties. Assume now that
[Vi, ..., V,] is the minimal isometric dilation of [T, ..., T,]. Since

(1-12) Bh = Ah® (X_ycr €a ® CZgDyh),  he,

by taking into account the Fock space realization of the minimal isometric dilation
of T, we obtain

ViBRihi = Vi(ARihi ® Y e+ €a ® CZ5 Dy Rihi)
=T;ARihi ® (1@ DiARihi + Y ,cp+ €ga ® CZ5DyRih;)

for any h; € ¥;, i =1, ..., n. Hence, by using relation (1-12) again, we get

V:BRih; — Bh; =
(T AR~ A)hi® (1@ (DI AR—CDOhi + 3 €gu ® (CZaDyRi—CZag Db ).

acky

Using relations (1-4), (1-8), and (1-9), we obtain
ViBR;h; — Bh; = M;h; ® (1® EDy, ;h; + > wckt €gia ® CZzP;FDy y ih;)
forany h; € ¥;, i =1,...,n. We deduce

IViBR;h; — Bhi||* = | Mihi|* + |EDw.yihill* + Y yep+ ICZaPiF Dy ihi||?
14 ael, 14
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forany h; € ¥;, i=1,...,n. Since A and [?] are contractions, we obtain
IViBRihi — Bhi||* < |Mihil|*> + || EDag.yihill*> + I|1PiF Dag i)
< IMihil|* + IEDp.y,ihill* + I|F Dy ihill*
IMihill* + | Dag.y.ihill?
= |[[M1, ..., MyJk|* + | Dar k12
= ylhill?

IA

for any h; € ¥;. Here, k := @;’:1 k; with k; := h; and k; := 0 if j # i. Therefore,

IViBR; — Bla, |l <7

for any i =1, ..., n, which proves inequality (1-3).

Now, assume that [V, ..., V,,] is an arbitrary isometric lifting of [T}, ..., T,].
The subspace ¥y := \/Oleﬁr Vo # is reducing under each isometry Vi, ..., V,, and
[Vils,s - -+ Valy,] coincides with the minimal isometric dilation of [T, ..., T,].

Applying the first part of the proof, we find a contraction By € B(X, o) such that
Py, By = A and
(1-13) |(Vilses) BoRi — Bola, || < /¥

foranyi =1, ..., n. Define B € B(¥, X) by setting Bh := Byh for h € X. Observe
that
ViBR; — Blg, = (Vila,) BoRi — Bolw, . i=1,...,n,

and use inequality (1-13). To complete the proof, notice that the constant V2 is
the best possible in (1-3), since we get equality for some simple examples. 0

We can now prove the commutator lifting inequality announced in the introduc-

tion.

Theorem 1.2. Let T = [T}, ..., T,] with T; € B(3) be a row contraction and let
V =1[Vi,..., Vu]l with V; € B(X) be an isometric lifting of T on a Hilbert space
HOHK. Let Y =Yy, ..., Y, 1 with Y; € B(N) be another row contraction and let

W =[Wy,..., W,]with W; € B(X) be an isometric lifting of Y on a Hilbert space
X DOY. If A € B(Y, #) is a contraction, then there is a contraction B € B(%, X)
such that B*|y = A* and

(1-14) IViB — BW;|| < V2||[[T1A - A1, ..., T,A— AY,]||'/2
forany i =1,...,n. Moreover, /2 is the best possible constant.
Proof. Define the contraction A : % — % by setting

Aly=A and Alyey = 0.
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Foreachi = 1,...,n, set &; := W;X and define the operator R; : ¥; — & by
R; := W[|g,. Since Wy, ..., W, are isometries with orthogonal subspaces, it is
clear that the subspaces %; are pairwise orthogonal and that R; are contractions.
Applying Theorem 1.1 to the contraction A, we find a contraction B : % — 9 such
that P, B = A and

IViB—BW;l = [[ViBRiW; — BW;| < [[ViBR; — Bly, |
<V2|[T AR, — Aly,, ..., T,AR, — Alg, 1|/
=V2|[A— AWy, ..., T,A— AW,]|"/?
for any i =1, ..., n. The latter equality is due to the fact that [Wy, ..., W,]is a
row isometry. Therefore, we have
(1-15) IViB— BW;|| < V2||[[T1A — AWy, ..., T,A— AW,]|'/?
forany i =1, ..., n. Notice that B*|sy = A*. Moreover, since [Wy, ..., W,] is an
isometric lifting of [Y1, ..., Y,] and A|pey = 0, we have

(T, A — AW;)y = T; Ay — A(Py + Pyoa) Wiy = T; Ay — APy W,y
= (T;A — AY;)y

forany y e Y andi =1, ..., n. On the other hand, we have (T,-A — AW,-)x =0
for any x € ¥ © %Y. Therefore

T,A— AW; =[T;A — AY;, 0], i=1,...,n,

with respect to the orthogonal decomposition € =Y @ (X ©Y). Using (1-15), we
deduce the inequality (1-14). The proof is complete. U

We remark that if one does not require the operator A to be a contraction in
Theorem 1.2, then we can find an operator B with the properties that || B|| = || A]l,
that B*|s = A*, and that

IViB — BW;|| < V2IAI'?|[ITIA - AY1, ..., T,A— AY,]||'/2

foranyi=1,...,n.

2. New lifting theorems in several variables

Fori =1,...,n,let ¥; € B(%) and T; € B(#) be operators such that ¥ :=
[Yi,...,Y,Jand T := [T}, ..., T,] are row contractions. Let W = [Wy, ..., W,]
be an isometric lifting of ¥ on a Hilbert space ¥ D%, and V = [V, ..., V,] be an
isometric lifting of T on a Hilbert space X D #. Let A € B(%, ¥) be an operator
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satisfying AY; = T;A fori =1, ..., n. An intertwining lifting of A is an operator
B € B(¥, ) satisfying P,yB= APy and BW; =V;Bfori=1,...,n.

The noncommutative commutant lifting theorem for row contractions [Popescu
1989b; 1992] (for the classical case n = 1, see [Sz.-Nagy and Foias 1968; Foias
and Frazho 1990]) states that, if A € B(Y, #) is an operator satisfying

AY; =T A, i=1,...,n,
then there exists an operator B € B(¥, X) with the following properties:
(1) BW;=V;B foranyi=1,...,n;
(2) B¥|y = A%
3) 1Bl = [IA[l-
The noncommutative commutant lifting theorem for row contractions is a conse-
quence of the commutator lifting inequality obtained in Theorem 1.2.

We present a new multivariable lifting theorem, which is a simple consequence
of Theorem 1.1.

Theorem 2.1. Let T = [Ty, ..., T,] with T; € B(#) be a row contraction and let
V =1[Vi,..., Vy] with V; € B(X) be an isometric lifting of T on a Hilbert space
HOHK. Let®; CX withi=1, ..., nbeorthogonal subspaces and let R; € B(%;, %)
be contractions. If A € B(X, #) is such that

T AR; = Aly,
fori=1,...,n, then there exists an operator B € B(¥, J) such that P;,B = A,
Bl = llAll, and
V;BR; = Bly,
foranyi=1,...,n.

A very useful equivalent form of Theorem 2.1 is

Theorem 2.2. Let T = [T, ...,T,] with T; € B(#) be a row contraction and
let V=1[Vy,...,V,] with V; € B(X) be an isometric lifting of T on a Hilbert
space X D #H. Let Q; € B(%;, &) be operators with orthogonal ranges and let
Ci € B(%;, %) be such that C’C; < Q7 Q; fori=1,...,n. If Ac B(¥X, ¥) is such
that, foranyi =1, ...,n,

(2-1) T,AC; = AQ;
then there is an operator B € B(X, J) such that P,yB = A, || B|| = ||A||, and
(2-2) ViBC; = BQ;

foranyi=1,...,n.
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Proof. Since C/C; < Q7 Q; for any i =1, ..., n, there exist some contractions
R; :W—) X suchthat C; =R;Q;, i=1,...,n. Set¥; ZZW and notice that
X L% if i # j. Relation (2-1) is equivalent to T;AR; = Ay, forany i =1, ..., n,
while relation (2-2) is equivalent to V;BR; = By, forany i = 1,...,n. Using
Theorem 2.1, we can complete the proof. g

Let us show that Theorem 2.2 implies Theorem 2.1. Indeed, write §; := «;,
R; :=C;, and Q; := Iyly,, i = 1,...,n. Applying Theorem 2.2, the implication
follows.

As in the classical case, the general setting of the noncommutative commutant
lifting theorem can be reduced to the case when ¥ = [Y, ..., Y,] is a row isom-
etry (see [Popescu 2003]). Notice that Theorem 2.2 implies the noncommutative
commutant lifting theorem. Indeed, it is enough to consider %; := ¥, C; := I, and
Q;:=Y e B(¥)foreachi=1,...,n, where Y =[Yq, ..., Y,]is arow isometry.

Applications of Theorem 2.2 to interpolation on Fock spaces and the unit ball
of C" will be considered in the next section.

3. Norm constrained interpolation problems on Fock spaces

We say that a bounded linear operator M € B(F?(H,) ® ¥, F*(H,) ® X') is mul-
tianalytic if
(3-1) M@ ®Iy) = (S ®Iy)M foranyi=1,...,n.
Note that M is uniquely determined by the operator 6 : % — F*(H,)®’ defined by
Oh:=M(1®h) for h € K. The operator 0 is called the symbol of M. We denote M
by My. Moreover, My is uniquely determined by the “coefficients” 6,y € B(X, X')
given by
(3-2) (O@yh, h') == (0h, e, @) = (Mg(1®h), ex @ h'),
where h € H, ' € H', o € F, and & is the reverse of «. Note that

> Oy < 1Mo L.

ackl

We can associate to My a unique formal Fourier expansion

(3-3) My ~ > Ry ®ba),
ote[F,Jlr
where R;, fori =1, ..., n, are the right creation operators on the full Fock space

F2(H,). For simplicity, since Mj acts like its Fourier representation on *“polyno-
mials”, we will identify the two. The set of all multianalytic operators acting from
F*(H,) ® % to F*(H,) ® %' coincides with R ® B(J, '), where R is the
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weakly closed algebra generated by the identity and the right creation operators
on the full Fock space. A multianalytic operator My (respectively, its symbol 6)
is called inner if My is an isometry. More about multianalytic operators on Fock
spaces can be found in [Popescu 1989a; 1989d; 1991; 1995a; 1995b].

We remark that, in general, if 6 : % — F2(H,)®3{’ is a bounded operator (which
is equivalent to the weak convergence of the series » weFH 0(*0[)9( «))> then the linear
map My uniquely determined by relations (3-2) and (3-1) is not a bounded operator.
However, for each k =0, 1, .. ., the restriction of My to P, ® K, that is, to the set
of all polynomials of degree < k, is a bounded operator acting from ?; ® ¥ to
F%(H,) ® #'. We define the P;-norm of My by

1Mo, :=sup{lIMoqll: g € Px®K and ||| < 1}.

It is easy to see that ”MQH% < ”MGH%H‘ Observe that My is a multianalytic

operator if and only if 6§ € B(i’7{, F*(H,) ® 57{/) and the sequence {”MQH%}
converges as k — oo. In this case, we have

o0
k=0
Mgl = lim [|Mp][g,.
k—o00
Fori =1, ..., n, define the operators C; and Q; from P;_; ® ¥ to P ® I by

(3-4) Ci = Iy, gylo,_ 2%, and Qi = By gy (Si @ Iyl e,

where P@k &% is the orthogonal projection from F?(H,) ® ¥ onto P; ® K.

We recall that the invariant subspaces under the operators S ® Iy, ..., S, ® I,
(I’ is a Hilbert space) were characterized in [Popescu 1989a]. The next lifting
theorem will play an important role in our investigation.

Theorem 3.1. Let # C F?(H,) @} be an invariant subspace under each operator
§¥® Ly, fori=1,...,n,andlet A: Py @ K — I be a bounded operator. Let

(3_5) 7—;: P%(SI®I§7{/)|%9 i:1,...,n,

and let C;, Q; be the operators defined by relation (3-4). There exists an operator
0 € B(X, F*(H,) ® %') such that

(3-6) PyMplp, o =A and |[Mgllgp, <1
ifand only if ||A|| < 1 and T;AC; = AQ; foranyi =1, ...,n.
Proof. Note first that relation (3-5) implies that

(3-7) Py (S; ® Iyy) = T Py, i=1,...,n,

This shows that [S; ® Iy, ..., S, ® I,] is an isometric lifting of [Ty, ..., T,].
Assume that relation (3-6) holds. Because of the definitions of the operators My, C;
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and Q;, we have

(3-8) (Si ® Iy) (Myloox)Ci = (Moo, 9) Qi i=1,...,n.
Using relations (3-7) and (3-8), we obtain
TiAC; = Ti(PyMgloe)Ci = Py(Si ® L) (Mglo,e%)Ci
= Py(Mylop,ox) Qi = AQ;

foranyi =1,...,n. Itis clear that |A] < 1.
Conversely, assume that A : P @ H — ¥ is a contraction such that T;AC; =
AQ; for any i = 1,...,n. According to Theorem 2.2, there exists an operator

B: P, ®¥% — F>(H,) ® % such that | B|| = ||A||, P,,B = A, and
(3-9) (Si®Iy)BCi=BQ;, i=1,...,n.

If B: P, % — F*(H,) ® ' is a bounded operator, then there is an operator
0 € B(fJ{, F?(H,) ® 57{’) such that we have B = Mp|», g3 if and only if relation
(3-9) holds. This completes the proof. 0

The next result is a Sarason-type interpolation theorem [Sarason 1967] on Fock
spaces, which generalizes the corresponding result for the noncommutative ana-
lytic Toeplitz algebra F,;° that was obtained by Arias and the author in [Arias and
Popescu 2000; Popescu 1998], as well as in [Davidson and Pitts 1998].

Theorem 3.2. Let ¢ € B(TY{, F*(H,) ® f7f/) and let My € R° ® B(€,3') be an
inner multianalytic operator. There exists ¥ € B(SY{ ,F2(H) ® %) such that

My — MgMy g, <1

if and only if the operator A := Py M|y, g% is a contraction, where ¥ is the sub-
space
¥ = (F>(H,) @) © Mp(F*(H,) ®°€).

Proof. First, note that if f = ¢ — Mgy for some ¢ € B(f7{, F?(H,) ® %) then
Myp — My p = MgMy p for any polynomial p € P, ® J{. Hence,

A = PyuMylo,gx = PyMfloou

and
IAll < [IMfllgp, = 1My —MoMyllg, .
Therefore, we have
(3-10) IA]l < inf{|| My, — MgMy iy, : ¥ € B(I, F*(H,) ®€)}.

Let us prove that we have equality in (3-10). According to [Popescu 1989a], the
subspace ¥ is invariant under each operator S ® I, fori =1,...,n. Fori =
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1,...,n, let T; := Py(S; ® Iy)|y% and note that [S1 ® Iy, ..., Sy ® Iy] is an
isometric lifting of [T}, ..., T,]. A straightforward calculation shows that

T;AC; = T,-P%chi = P%(Si®13{/)M¢Ci

= AQ;
forany i = 1,...,n. Now, using Theorem 3.1, we find f € B (%, F?(H,) ® ¥’)
such that A = PyMy|p,go and |Myllg, = l|All. Since Py(My, — My)lp,en = 0,
there exists ¢ € B(f7{, F%(H,) ®%) such that ¢ — f = Myr. Hence,
IAl = IMrllg, = My — Mo iy,

which proves that equality holds in (3-10). This completes the proof. U
Corollary 3.3. Under the hypotheses of Theorem 3.2, we have

min{[|My, — MgMy iy, : ¥ € B(X, F*(H,) ®%€)} = [ Al
where A := PyMy|o, o%.

We can now extend the Schur—Carathéodory interpolation result [Carathéodory
1907; Schur 1918; Popescu 1995b] to Fock spaces.

Theorem 3.4. Let k, m be nonnegative integers and let ® =3, _,, Ry ®0(q) with
O) € B(K, I'). There exists an operator ¢ € B(?f, F*(H,) ® 37{’) such that

(3-1D) 1Mpllg, =1 and O@) = $) Whenever |a| <m
if and only if

1Py, g Oloweill < 1 ifk <m,

I Py, o Clo,exll <1 ifk > m.

Proof. Let # :=P; ®K'. The subspace ¥ is invariant under each operator S’ ® I,
fori=1,...,n. Let

Ti::P%(Si®I§7{/)|%’ lzl,,l’l

Since O(S; ® Iy;) = (S; ® I;,)O forany i =1, ..., n, a straightforward calculation
shows that

(3-12) T;AC; = AQ;, i=1,...,n,
where the operator A : P, ® 5 — 7 is defined by

(3-13) A= By, o Olowgi ifk<m
P@m®35,®|@m®3{ lf k >m.
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Note that (3-11) is equivalent to the existence of an operator ¢ € B ('f7£ , F>(H,) ®'f7{’)
such that

PyMylopox=A  and  |Mglpeux| < 1.
One can now apply Theorem 3.1 and complete the proof. O

Corollary 3.5. Let k, m be nonnegative integers and let ® = Z‘ a|<m Ra ®b(@) with
O«) € B(H, H'). We have

min{(|Myllyp, : ¢ € B(IH, F>*(Hy) ®H'), Oa) = @) if la] <m} = ||A],

where the operator A is defined by (3-13).

In what follows, we present the left tangential Nevanlinna—Pick interpolation
problem with operatorial argument for B (%, F?(H,) ® ?7{).

As in [Popescu 1989c], the spectral radius associated with a sequence Z =
(Z1, ..., Z,) of operators Z; € B(%) is given by

r(2) = kILH;oHEm:kZaZi |17 = nf DI AVA

Note thatif Z, Z{+---+Z,Zy <rl, with0 <r <1, then r(Z) < 1. Any element
v € B(%, F>(H,) ®%) has a unique representation yh := Y wer: €a ® A@h for
some operators Ay € B(#,%Y). Therefore,

My ~ Z Ry ® A@)
ael]:,'f

and ||y |2 = | Y wcrr Aty A |- If r(Z) < 1, it makes sense to define the evaluation
of ¥ at (Zy, ..., Z,) by setting

o
(3-14) V(Zyo o Ze) =) Y ZaAw),
k=0 |o|=k

where @ is the reverse of @. Using the fact that the spectral radius of Z is strictly
less than 1, one can prove the norm convergence of the series (3-14). Indeed, it is
enough to observe that

| ek ZaAw | < | Z it ZaZE | | i Al Acwo|
<IN g ZeZ2) 2

Given C € B(#,%), we define W{Z’C} : F2(H,) @ # — %, the controllability
operator associated with {Z, C}, by setting

W{z,c}(zaew €a ® ha) =3 % Z\al:k ZyChg.

12
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Since r(Z) < 1, note that W{z, ) is a well-defined bounded operator. We call the
positive operator G, «, := W, W{*Z, ¢y the controllability grammian for {Z, C}.
It is easy to see that

o
(3-15) Gurey=2_ Y 2,0C*Z,
k=0 |a|=k

where the series converges in norm. As in the classical case (n = 1), we say that the
pair {Z, C} is controllable if its grammian G (z.cy 18 strictly positive. We remark
that X = G, (, is the unique positive solution of the Lyapunov equation

(3-16) X = Zzl.xz;k + CC*.

i=1
For any nonnegative integer k, we define W,; ., : P ® % — ¥, the k-control-
ability operator associated with {Z, C}, by setting

k
W{Z,C,k}(z €y ®ha) = Z Z ZyChy.

la|<k p=0la|=p

The corresponding Grammian is G ¢ 1y = Wiz c ywW(z.c.1)-

Let#, 3, and %;, withi =1, ..., m, be Hilbert spaces and consider the operators
(3-17) B :H — %Y, Ci:#H—>%Y;, j=1,...,m
(3-18) Zi=1Zj1,....Zinl: DY - ¥, j=1,...,m,
such that r(Z;) < 1 for any j =1, ..., m. Given a nonnegative integer k, the left

tangential Nevanlinna—Pick interpolation problem with operatorial argument for
B(%, F*(H,) ®¥) is to find ¢ € B(%, F>(H,) ®¥) such that [|Mg||; <1 and

(3-19) I®B)$NZ)=Cj,  j=1,....m.

Theorem 3.6. Given two nonnegative integers k, m, the left tangential Nevanlinna—
Pick interpolation problem, with operatorial argument and data Z;, B;, and C;,
j=1,...,m, has a solution in B(%, F%(H,) ®f7{) if and only if

00 m m
(3-20) [Z > zj,aBjB;‘z;fa} > [ zj,acjc;‘z;ja}
=1 lee| <k

p=0lal=p i,j i,j=1
Proof. Define the following operators
B Cq
B:=| : :315—)@]’71:1%, C=|: |[:¥— @J’.":loyj,
Bm Cm
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and Y :=[Yy,...,Y,], where Y; is the diagonal operator defined by

Z, 0 0
. 0 ZZ,i 0 . m m
ve=| L M e - @,
0 0 Zy;

foreachi=1,...,n. Since r(Y) <1and My~ }_, .+ Rz ® Aa), note that

(3-21) [/ ®B)¢pl(Y)=C
if and only if
o
.Y ZjaBiAw=Cj,
p=0la|=p
for j =1, ..., m. Therefore, relation (3-19) is equivalent to relation (3-21). On

the other hand, a straightforward computation on the elements of the form eg ® ,
h € ¥ and B € F;' shows that relation (3-21) holds if and only if

(3-22) Wiy, ByMolowr = Wiy c iy-

Now, another calculation reveals that

00 k
Wiy syWiv.s = WrcnWivew = D D YaBBY =) Y Y,CCPYy,
p=0la|=p p=0|a|=p

where Wy p, and Wy, . ,, are the controllability operators associated with {Y, B}
and {Y, C}, respectively. The inequality (3-20) holds if and only if

(3-23) Wiy syWiv.sy = Wiv.coWiv.cay = 0.

Using the definitions of the controlability operators, we deduce that

(3-24) Wiy (Si @ L) = YiWy gy,
(3-25) Wir.cay(Si ® Lo g = YiWyy,c.ylo 10w
fori=1,...,n. Itis easy to see that if relation (3-22) holds and | My |p,e%| < 1.

then the inequality (3-23) holds.
Conversely, assume that inequality (3-23) holds. Then there exists a contraction

A :range Wiy 5 —> P @ H

such that AW{*Y’B} = W{*Y,C,k}‘ Since W{*Y’B}Yl.* = (S ®13{)W{*Y’B} fori=1,...,n,

it is clear that the subspace #' := range W{*Y p) 18 invariant under each operator
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S*®Iy, i=1,...,n. Let
(3-26) Ti = Pp(Si® Iy, i=1,...,n,
and denote A := A* : P, ® # — #. Note that
(3-27) Wiy s A=Wy chy-
We claim that
(3-28) T,AC; =AQ;, i=1,...,n,
where
Ci =1y gylo, ek and Q= Py gq(Si ® Ii) o, 0%

fori = 1,...,n. Indeed, using relations (3-26), (3-27), (3-24), and (3-25), we
obtain

W{Y’B}’Z}AC[ = W{Y,B}P%’(Si (04 If]{)ACi = W{Y,B}(Si ® I%)ACI_
= YiWy s AC = YiWyy c 1y Ci
= Wyy.cn(Si ® Iyplo, o = Wiy g AQ:

fori =1,...,n. Since W{Y’B}l%/ is one-to-one, we get relation (3-28). According
to Theorem 3.1, there exists ¢ € B(%, F?(H,) ® ¥) such that IMplly, <1 and

(3-29) Py Mylp, 03 = A.

Using (3-27), it is easy to see that (3-29) implies (3-22). This completes the proof.
O

Now, assume that {Z, B} is controlable, that is, its grammian Gz, p) is strictly
positive. It easy to see that the operator A in the proof of Theorem 3.6 has an
explicit formula given by

—1
(3-30) A=W 3Gz 3G iz.ch)-

Corollary 3.7. Under the conditions of Theorem 3.6 and assuming that {Z, B} is
controlable, we have

min{||Mylly, : ¢ € B(¥, F*(H,) ®%), [I ® B)¢l(Z) = C;} = |Al,
where the operator A is defined by Equation (3-30).

As a consequence of Theorem 3.6, we can obtain the following left tangential
Nevanlinna—Pick interpolation problem in the unit ball of C", which extends the
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corresponding results for the noncommutative analytic Toeplitz algebra F;° (see
[Arias and Popescu 2000; Popescu 1998; 2003; Davidson and Pitts 1998]).

Corollary 3.8. Let z; :=(zj,1, ..., 2jn) for j =1, ..., m be distinct points in B,
the open unit ball of C", and let B; € B(J{,%¥;) and C; € B(¥#,%;), j=1,...,m,
be bounded operators. Given a nonnegative integer k, there exists an operator
0 € B(%, F?(H,) ® 3) such that

IMgllp, <1 and  Bij6(z))=C;, j=1,...,m,
if and only if
* m k+1 *m
[ BB} ] . [(1—<zj,zq) + )C,-Cq]

1— (Zj» Zq) j.q=1 1— (Zj’ Zq) j,qzl'
Proof. For any j,q =1, ..., m, we have
> a :
Zj,o[ Zq,a - .
ackF! 1= <Zj’ Zq)
In Theorem 3.6, consider the particular case when Z; ; :=z; Iy, for j=1,...,m
andi =1,...,n. A simple computation shows that
m B: B* m
- J q
sen=| S]]
aeF; j,q=1 J>2qidjq=1

Hence, we have

o0
Gz~ Giz.cn = [Z
p=0 ||

=[ B;B; ]m _[(1—<z,~,zq>k+l)cjc;]m

1—<Zj,Zq> 1_<Zjvzq>

m m
Zj,aBjB;‘Zj;!a} - |: Zj’aCjC;"Zj;’a]
p Jsq=1 J.q=1

loe| <k

j.q=1 j.q=1

Now, applying Theorem 3.6, we complete the proof. O

We remark that the evaluation z+— 0(z) on B,, is an operator-valued holomorphic
function on the unit ball of C”".
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