GENERALIZED LUZIN SETS

ROBERT RALOWSKI AND SZYMON ZEBERSKI

ABSTRACT. In this paper we investigate the notion of a generalized
(Z,J) - Luzin set. This notion generalizes the standard notion of
a Luzin set and a Sierpinski set. We find set theoretical conditions
which imply the existence of a generalized (Z,J) - Luzin set. We
show how to construct a large family of pairwise non-equivalent
(Z,J) - Luzin sets. We find a class of forcings which preserves the
property of being a (Z, J) - Luzin set.

1. NOTATION AND TERMINOLOGY

We will use standard set-theoretic notation following [10]. In par-
ticular for any set X and any cardinal &, [X]|<* denotes the set of all
subsets of X with size less than . Similarly, [X]* denotes the family
of subsets of X of size k. By Z(X) we denote the power set of X.

If AC X xY then for z € X and y € Y we put

Ax: {yEY: (.CE,y) EA}?
AV ={re X : (x,y) € A}.

By A A B we denote the symmetric difference of sets A and B, i.e.
AAB=(A\B)U(B\A).

In this paper 2~ denotes an uncountable Polish space. By Open(%")
we denote the topology of Z". By Borel(Z") we denote the o-field of all
Borel sets. Let us recall that each Borel set can be coded by a function
from w®. A precise definition of such coding can be found in [9]. If
r € w” is a Borel code then by #x we denote the Borel set coded by
x.

T, J are o-ideals on 2, ie. Z,J C P (Z") are closed under count-
able unions and subsets. Additionally we assume that [27]¥ C Z,J.
Moreover we assume that Z, J have a Borel base i.e each set from the
ideal can be covered by a Borel set from the ideal. Standard examples
of such ideals are the ideal I of Lebesgue measure zero sets and the
ideal K of meager sets of Polish space.
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Definition 1.1. Let M C N be standard transitive models of ZF.
Coding Borel sets from the ideal I is absolute iff

Vee MNuw?) (M E#x el «—— NEH#zel).

We say that Z is k saturated (k-c.c.) if every family o/ of Borel
subsets of 2" satisfying the following conditions:
(1) (VAe o) (A¢T)
(2) VA,Be &) (A#4B— ANBeI)

has size smaller than x. If Z is wy-c.c. then we say that Z is c.c.c.

Let us recall that a function f : 2 — 2 is Z-measurable if the
preimage of every open subset of 2" is Z-measurable i.e belongs to the
o-field generated by Borel sets and the ideal Z. In other words f is
Z-measurable iff

(YU € Open(2))(3B € Borel(2))(3I € Z)(f'[U] = B a I).
Let us recall the following cardinal coefficients:

Definition 1.2 (Cardinal coefficients).
non(Z) = min{|A|: ACZ NA¢T}
add(ZT) = min{|«|: & CIANUA ¢TI}
cov(Z) = min{||: S CINJA =2}
covp(Z) = min{|«|: o CZTA(IB € Bore(Z)\Z)(BC U )}
cof(Z) = min{|«|: o CIT AN is a base of T}
where o is a base of T iff & CI AN €Z)(JAe ) C A).

Let us remark that the above coefficients can be defined for a larger
class of families (not only ideals).

Definition 1.3. We say that L C 2" is a (Z,J) - Luzin set if

e L&7T,

e VBeI)(BNLeJ).
Assume that k is a cardinal number. We say that L C 2" is a (k,Z,J)
- Luzin set iff L is a (Z,J) - Luzin set and |L| = k.

The above definition generalizes the standard notion of Luzin and
Sierpinski sets. Namely, L is a Luzin set iff L is a generalized (L, [R]=*)
- Luzin set and S is a Sierpiriski set iff S is a generalized (K, [R]=¥) -
Luzin set. The above notion generalizes also notions from [3, 1].

Definition 1.4. We say that ideals T and J are orthogonal if
JAe P(Z)AeclINA €.
In this case we write Z L 7.

Definition 1.5. Let # C 2% be a family of functions. We say that
A, B C % are equivalent with respect to . if

3fe7) (B=flA]vVA= [f[B])
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Definition 1.6. We say that A, B C 2 are Borel equivalent if A, B
are equivalent with respect to the family of all Borel functions.

Definition 1.7. We say that Z has the Fubini property iff for every
Borel set A C 2 x &

{reZ A ¢l}el={ye X AV¢TI}ecl

Natural examples of ideals fulfilling the Fubini property are the ideal
L of null sets (by the Fubini theorem) and the ideal K of meager sets
(by the Kuratowski-Ulam theorem).

From the definition we can obtain the following properties:

Fact 1.1. Assume thatZ 1 7.

(1) There exist a (Z,J) - Luzin set.
(2) If L is a (Z,J) - Luzin set then L is not a (J,Z) - Luzin set.

Proof. (Part 1) By the definition of Z 1 J we can find two sets I € 7
and J € J such that T U J = 2. We will show that J is a (Z,7)
- Luzin set. J is not in Z. Let us fix any set A € Z. We have that
AnJCJeJ.

(Part 2) By the definition of 7 1 J we can find two sets [ € 7 and
J € J such that I UJ = 2. Assume that L is a (Z,J) - Luzin set
and a (J,7) - Luzin set. We have that

LNnJCJeJandLNIClel
By the property of being a (J,Z) - Luzin set
LNnJel.

So L =(LNJ)U(LnNI)e I what is a contradiction with being a
(Z,J) - Luzin set. d

We will try to find a wide class of forcings which preserves the prop-
erty of being a (Z, J) - Luzin set. We are mainly interested in so called
definable forcings (see [14]). Let us recall that IP is a definable forcing if
PP is of the form Borel(Z")\Z, where 2" and 7 have absolute definition
for standard transitive models of ZF of the same height.

2. EXISTENCE OF LUZIN SETS

Let us start with a theorem which under suitable assumptions guar-
antees existence of uncountably many pairwise different (Z, J) - Luzin
sets. This result generalize the Erdds-Sierpinski Duality Theorem (see
Theorem 19.6 in [5]).

Theorem 2.1. Assume that k = cov(Z) = cof(Z) < non(J). Let F
be a family of functions from X to Z . Assume that | F| < k. Then
we can find a sequence (Ly)a<r Such that

(1) Ly is a (k,Z,J) - Luzin set,
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(2) for a # (3, Lq is not equivalent to Lz with respect to the family
F.

Proof. Let us enumerate the family .#
={foa:a <k}
Now, let us enumerate Borel base of ideal Z:
PBr ={B,: a <k}

Now without loss of generality we can assume that

(Vf € Z)VA < K)(x < |1 ).

§<)\
Indeed, since cov(Z) = k a set () Be)® is not in the ideal Z. If the

function f does not have the above property and L is a (Z, J)-Luzin
set then

fILN U B uflLn (U£<A Be)]

and both sets have cardlnahty less than x. So f[L] is not a (Z, J)-Luzin
set.

By induction we will construct the family {xZC :n,(,a < Kk} and
{d}; :m, ¢, < K} such that

ozC_fC( )

and for any different n,n’ < k
{2 i Ga<wyn{dl :(a<r}=0

and

172746%\ ({dgg: 7},5,{<0¢}U{x2<: n,g,(<0z}UUBg>

(<a

for every n,( < a.
Assume that we are in the a-th step of construction. Fix n,{ < a.
It means that we have constructed the following set

Old = {xg’f,dg{ B 6 < alu {xg’f,dgf A<V A=nAE< ()
Since |f¢[(Ueeq Be)ll > £ and [Old| < k we get that

fel(|J Be U Old)]| > .

(<a
That’s why we can find
d! . € fo(|J B: U OlLd)] \ Old.
(<a

Let x, - be such that d . = fc(v).). In this way we can finish the
a-th Step of construction.
Now, let us define L, = {z¢: §,( < k}.
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Let us check that L, is a (Z,J) - Luzin set. Indeed, if A € Z then
there exists § < k s.t. A C Bg. Then we have

ANLy CBgNLy=BsN{ag,: §,¢< P C{ag,: {,C<pteT

because [{zg,: &, ¢ < B} < [B] <k < non(J).
What is more, for every function f = f, € .% and every 3 # v we
have that

R < |FIL] Ll
because {d{,, : o < § <k} C f[L,]\ Lg. So Lg # f[L,]. O

In fact we haved proved a little stronger result.

Remark 2.1. Assume that k = cov(Z) = cof (Z) < non(J). Let F be
a family of functions from X to Z . Assume that |#| < k. Then we
can find a sequence (Lq)a<r Such that

(1) Ly is (k,Z,J) - Luzin set,
(2) for a % B and f € F we have that k < |f[La] A Lgl.

Let us notice that for every ideal Z we have the inequality cov(Z) <
cof(Z). This gives the following corollary.

Corollary 2.1. If 2¥ = cov(Z) = non(J) then there exists continuum
many different (Z,J) - Luzin sets which aren’t Borel equivalent.

In particular, if CH holds then there exists continuum many different
(w1,Z,T) - Luzin sets which aren’t Borel equivalent.

We can extend above corollary to a wilder class of functions - namely,
Z-measurable functions.

Corollary 2.2. If 2¥ = cov(Z) = non(J) then there exist continuum
many different (Z,J) - Luzin sets which aren’t equivalent with respect
to all Z-measurable functions.

In particular, if CH holds then there exists continuum many different
(w1,Z,J) - Luzin sets which aren’t equivalent with respect to all Z-
measurable functions.

Proof. First, let us notice that if a function f is Z-measurable then
there exists a set I € Z N Borel(Z") such that f | (2 \ I) is Borel.
Indeed, it is enough to consider a countable base {U,, },c. of topology
of . Then f~'[U,] = B, A I, where B, is Borel and I, is from the
ideal Z. Now, put I = J,,c, In-

So we can consider a family of partial Borel functions whose domain
is Borel set with complement in the ideal Z. This family is naturally of
size continuum. So we can use Corollary 2.1 and Remark 2.1 to finish

the proof. O

Now, let us concentrate on the ideals of null and meager sets.
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Corollary 2.3. (1) Assume that cov(L) = 2¥. There exists contin-
uum many different (2,1, K) - Luzin sets which aren’t equiv-
alent with respect to the family of Lebesgue - measurable func-
tions.

(2) Assume that cov(K) = 2¥. There exists continuum many differ-
ent (2, K,IL) - Luzin sets which aren’t equivalent with respect
to the family of Baire - measurable functions.

Proof. Let us notice that the equality cov(L) = 2¢ implies that 2¥ =
cov(L) = cof (L) = non(K). Similarly, the equality cov(K) = 2 implies
that 2¢ = cov(K) = cof(K) = non(LL) (see [2]). Corollary 2.2 finishes
the proof. O

3. LUZIN SETS AND FORCING

Now, let us focus on the class of forcings which preserve being a
(Z, J)-Luzin set. Let us start with a technical observation.

Lemma 3.1. Assume that T has the Fubini property. Suppose that
Pz = Borel(Z")\ Z is a proper definable forcing. Let B € T be a set in
VEZ[G]. Then there exists a set D € TNV such that BN 2V C D.

Proof. Because the ideal Z has Borel base then let B denote the Py -
name for a Borel set B from ideal Z. Let 7 be a canonical name for
the generic real. Since some p in G forces that B is in Z we can find a
Borel set C' C X x X in the ideal 7 and coded in the ground model,
such that in V[G] B = C;, (see for example [13]).

Now by the Fubini property:

{v: C"¢T}el.

If BN XY is empty, there is nothing to prove. Thus, assume BN XV
is nonempty. Then consider any z € BN XY. Then V|G| =z € B

0<|zeB]=|zeCi=]|(rz)eC]=]ieC=[C"
Then we have:
BNZY Clz:0" ¢ 1T}
Now by the Fubini property we see that the set {z : C* ¢ Z} is in ideal

Z. But the last set is coded in ground model because the set C' was
coded in V. O

Theorem 3.1. Assume that w < k and Z,J are c.c.c. and have the
Fubini property. Suppose that Pz = Borel(2")\Z and P; = Borel(Z")\
J are definable forcings. Then Pz preserves the (k,Z,J) - Luzin set

property.
Proof. Let L be a (k,Z,J) - Luzin set in V. Let G be a Pz — generic

over V. In V|G| take any B € Z. Then LN BNV = LN B but by
Lemma 3.1 there exists aset D € TNV suchthat LN BCLNDel
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so LN D € J in V by definition of L. Finally, by the absolutness of
Borel codes from ideal J we have

LNBCLNDeJ inVI[G.
O

Remark 3.1. Let P be the random forcing and let us consider any
Sierpinski set S in the ground model V. Then if we take an any null
set A in an any generic extension VF then one can find a null set B € V
whith the property ANV C B. Then SN B is countable and then SN A
is countable. Thus the set S is also Sierpinski set in the universe V.
Analogously, let observe that the Cohen forcing is preserving of being a
Luzin set.

Theorem 3.2. Let (P, <) be a forcing notion such that
{B: B eZInBorel(Z),B is coded in V'}

is a base for T in VE[G]. Assume that Borel codes for sets from ideals
Z,J are absolute. Then (P, <) preserves being a (Z,J) - Luzin sets.

Proof. Let L be a (Z,J) - Luzin set in ground model V. We will show
that VF[G] = Lis a (Z,J) - Luzin set.

Let us work in V¥[G]. Fix I € Z. Z has Borel base consisting of sets
coded in V. So, there exists b € w* NV such that [ C #b e 1.

By absoluteness of Borel codes from 7 we have that V = #be Z. L
is a (Z,J) - Luzin set in the model V. So, there is ¢ € w* NV which
codes Borel set from the ideal J such that V = L N #b C #c. By
absoluteness of Borel codes from J we get that

VEGIELNBCLN#bC #ce J,
what proves that L is a (Z,J) - Luzin set in generic extension. O
The above theorem gives us a series of corollaries.

Corollary 3.1. Let (P, <) be any forcing notion which does not change
the reals i. e. (w*)V = (w?)V"G). Assume that Borel codes for sets from
ideals T,J are absolute. Then (P, <) preserves being (Z,J) - Luzin
sets.

Corollary 3.2. Assume that (P,<) is a o-closed forcing and Borel
codes for sets from ideals Z,J are absolute. Then (P, <) preserves
(Z,J) - Luzin sets.

Corollary 3.3. Let A € On be an ordinal number. Let Py = (P, Qa) :
a < A) be iterated forcing with countable support. Suppose that

(1) for any a < X\ P, Ik Q4 — o closed ,
(2) Borel codes for sets from ideals T, J are absolute,

then Py preserve (Z,J) - Luzin sets.
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Proof. Our forcing P, is o-closed because it is countable support itera-
tion of ¢ -closed forcings. So, we can apply Corollary 3.2 to finish the
proof. O

Now, let us consider some properties of countable support iteration
connected with preservation of some relation. We will follow notation
given by Goldstern (see [6]).

First, let us consider measure case. Let ) be a family of clopen sets
of Cantor space 2* and

(random _ {feQ: (Vnewu(f(n) <27"}

with discrete topology. If f € C""™ then let us define the following
set Af = mnEw Uan f(k)

Now, we are ready to define the following relation Cromdem= | J _ - Crandom
where

(Vf € Cremiem)(Vg € 29)(f B %™ g —— (Vk > n) g & [(k)).

Definition of the notion of preservation of relation C 4™ by forcing
notion (P, <) can be found in paper [6]. Let us focus on the following
consequence of that definition.

Fact 3.1 (Goldstern). If (P, <) preserves Com then P I pu*(2% N
V)=1.

Now, we say that forcing notion P preserves outer measure iff P
preserves Crandom

It is well known that Laver forcing preserves some stronger property
than Crendom (see [7]). So, Laver forcing preserves outer measure.

In [6] we can find the following theorem:

Theorem 3.3 (Goldstern). Let Py = ((P,,Qa) @ « < ) be any
countable support iteration such that

(Vo < ¥) Py Ik Qq preserves Crendom

then P, preserves the relation [Crandom

Theorem 3.4. Assume that P is a forcing notion which preserves
Crandom  Then P preserves being an (IL, K)-Luzin set.

Proof. Assume that V |= L is a (IL, K)-Luzin set. Let us work in VF[G].
Take any null set A € L.. Then there is a null set B in ground model
such that ANV C B.

Indeed, let us assume that there is no such B € V. Then without
loss of generality (29 \ A) NV € L. But A € L then we have that
2NV c AU ((2¥ \ A) N V) which is a null set. But by Fact 3.1
w(2¥ NV) = 1. So we have a contradiction.

Then the intersection AN L C BN L € K is a meager set in ground
model. Then by absolutnes of Borel codes of meager sets the set AN L
is a meager set, finishing the proof. O



GENERALIZED LUZIN SETS 9

Remark 3.2. In the constructible universe L let us consider the count-
able support forcing iteration P,, = ((Pa,Qa) : o < wg) of the length
wo as follows, for any a < wsy

e if a is even then P, IF"Q, is random forcing’,

e if a is odd then P, I “Q, is Laver forcing”.
Previously we noticed that both random and Laver forcing, preserves
Crandom and then by Theorem 3.3 P, preserves relation Cremdem By
Theorem 3.4 the (L, K)-Luzin sets are preserved by our iteration P,,.
Moreover, in the generic extension we have cov(LL) = wy and 2% = ws
(for details see [6]).

Assume that in the ground model A is a (L, K)-Luzin set with outer
measure equal to one. Then in generic extension it has outer measure
one and |A| = wy. So, it does not contain any Lebesque positive Borel
set. Thus A is completely LL-nonmeasurable set.

In particular, if A is a Sierpinski set in the constructible universe L
with outer measure equal to one. Then after above iteration the set A
18 completely IL.-nonmeasurable set.

The analogous machinery can be used for ideal of meager sets K.
Let us recall the necessary definitions (see [6]).

Let CY°"*" be a set of all functions from w<* into itself. Then
CCohen— | ) _ 9" and for any n € w let

new —n
(Vf € CO™) (Vg € w*)(f B g iff (vk <n)(g [ k™ f(g I k) C g))-
Then finally we have the following theorem:

Theorem 3.5. Assume that P is a forcing notion which preserves
CCfhen  Then P preserves being a (K,L)-Luzin set.

The another preservation theorem which is due to Shelah (see [11]
and also [12]) is as follows

Theorem 3.6 (Shelah). Let Py = ((P., Q) : o < ) be any countable
support iteration such that (VYo < 7y) P, IF Quis proper and

P, IF Q. IF every new open dense set contains old open dense set
then Py IF every new open dense contains old open dense set.
We can easily derive

Corollary 3.4. Let Py = ((Py, Qa) : a < \) be any countable support
iteration such that (Yo < \) P, - Q4is proper and

P, IF Q. IF every new open dense set contains old open dense set

Then Py preserves being a (K,LL)-Luzin set.
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