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Abstract

We prove that P-points (even strong P-points) and Gruff ultrafilters
exist in any forcing extension obtained by adding fewer than N,-many
random reals to a model of CH. These results improve and correct previous
theorems that can be found in the literature.

1 Introduction

Ultrafilters! play a fundamental role in infinite combinatorics, set-theoretic
topology and model theory. From constructing compactifications of topological
spaces and analyzing convergence, to proving Ramsey theorems, finding non-
trivial elementary embeddings of the universe, or building nonstandard models
of a theory, applications of ultrafilters are ubiquitous across these areas of math-
ematics. Several important classes of ultrafilters on countable sets have been
introduced and studied over the years. A particularly notable example are the
P-points, which were introduced by Walter Rudin in [45], to prove that under
the Continuum Hypothesis (CH), the space w* = fw \ w is not homogeneous
(the same conclusion was later established without assuming CH by Frolik in
[24] and further refined by Kunen in [34] who explicitly constructed ultrafilters
with distinct topological types). Since then, special classes of ultrafilters on
countable sets became a central topic of study and research.

Although it is a straightforward theorem of ZFC that there are (non-principal)
ultrafilters on the natural numbers, the existence of ultrafilters with interesting
topological or combinatorial properties is far more subtle. Moreover, their ex-
istence is often independent. The first major result of this kind was obtained
by Kunen in [35] where he proved that Ramsey ultrafilters consistently do not
exist. Some time later, Miller proved in [41] (see also [42]) that Q-points may
not exist and Shelah constructed a model without P-points (see [55] and [47]).
More recently, it was proved by Cancino and Zapletal (see [11]) that it is con-
sistent that every (non-principal) ultrafilter on w is Tukey top. For more results
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regarding the existence or non existence of special ultrafilters, the reader may
consult [54], [48], [6], [20], [23], [12], [9] or [27] among many others. As these
results illustrate, the existence of special classes of ultrafilters is a major concern
for set theorists and topologists.

Random forcing was introduced by Solovay in [49] and models obtained
by adding more than w; many random reals to a model of CH are often called
random models (or random real models). Since random forcing is one of the most
well-known and studied forcing notions, one might expect that the structure of
ultrafilters in the random models is very well understood. However, this is
far from the case. The previously mentioned Theorem of Kunen in [35] actually
shows that there are no Ramsey ultrafilters in the random models. On the other
hand, there are Q-points in those models since the dominating number is equal
to wy (see [3]). Now, the important question is: What about P-points? This is
where the story gets complicated. In an unpublished note, Kunen proved that if
you add w; Cohen reals to a model of CH and then any number of random reals,
you will get a P-point. In particular, P-points exists in some random models.
The general case (without the preliminary Cohen reals) was later addressed by
Cohen? [15]. He defined a combinatorial object called pathway, (which is very
similar to Roitman s Model Hypothesis (MH), see [44] and [1]) proved that the
existence of a pathway entails that there is a P-point and that pathways exist
after adding any number of random reals to a model of CH. Unfortunately,
it was later discovered that the proof of the existence of pathways is flawed?
(see [21] and [12]). No further progress was made on this problem until the
publication of [19], where the first author proved that there is a P-point if wo-
many random reals are added to a model of CH + O, (see [44] for further
results). In the present work, we improve this result by showing that there
are P-points (and more) if less than R, random reals are added to a model of
the Continuum Hypothesis (the principle O, is no longer needed). The proof
follows closely the argument from [19], but through a careful analysis of the
interaction of countable subsets within countable elementary submodels, we are
able to avoid the use of O,, and extend the result beyond ws. We introduce
a new type of combinatorial object, which we call a multiple d-pathway. This
notion has some resemblance to Cohen’s pathways, the hypothesis MH and to
the generalized pathways introduced by Ferndndez-Bretén in [22]. We will prove
that the existence of a multiple d-pathway entails the existence of P-points (even
strong P-points) and Gruff ultrafilters. Finally, it will be proved that multiple
0-pathways exist if less than N, random or Cohen reals are added to a model
of CH.

The structure of the paper is as follows: after reviewing some notation and
preliminaries, in Section 4, multiple 0-pathways will be introduced and we will

21t is worth pointing out that this is not the same Cohen who intoduced forcing and after
whom the Cohen reals are named.

3Despite of the mistake, the paper [15] is very valuable. The introduction of pathways is
very important and the construction of a P-point from a pathway is correct.



prove some of their most fundamental properties. In Section 5 a P-point is con-
structed from a multiple 0-pathway. This construction will be further refined
in Section 6 to get a strong P-point. Although in theory, the reader can skip
Section 5 and jump to Section 6, we do not recommend it, since the construc-
tion in Section 5 is the best example to understand how to perform transfinite
recursions using a multiple 0-pathway. Section 7 contains our last application
of multiple d-pathways, the construction of a Gruff ultrafilter. In Section 8
we develop some combinatorial results regarding countable elementary submod-
els that will be needed later. In Section 9 we prove that there are multiple
0-pathways in the models obtained by adding less than Y, many random or
Cohen reals. Although we are mainly interested in the random reals, the proof
for Cohen reals is exactly the same.

2 Notation

For a set X, we denote by P (X) its power set. We say that F C P (X) is a
filter on X if X € F and @ ¢ F, for every A, B C X, if A€ Fand AC B
then B € F and if A,B € F then ANB € F. A family T C P (X) is an ideal
on X if) € Zand X ¢ Z, for every A,B C X, if A€ Z and B C A then
BeZandif A, Be€Zthen AUB € Z. If B is a family of subsets of X, denote
B* ={X \ B| B € B}. It is easy to see that if F is a filter then F* is an ideal
(called the dual ideal of F) and if Z an ideal then Z* is a filter (called the dual
filter of Z). If Z is an ideal on X, define ZT = P (X) \ Z, which is called the
family of Z-positive sets. The Fréchet filter is the filter of cofinite subsets. An
ultrafilter is a maximal filter that extends the Fréchet filter (so in this work, all
ultrafilters are non-principal). If I is an ultrafilter, we say that B C U is a base
of U if every element of U contains one of B. We say that a family P C P (X)
is centered if the intersection of any finite collection of its elements is infinite.

By ¢ we denote the cardinality of the set of real numbers. For any two
sets A and B, we say A C* B (A is an almost subset of B or A is almost
contained in B) if A\ B is finite. For P C [w]” and A € P (w), we say that
A is a pseudointersection of P if it is almost contained in all elements of P.
For f,g € w*, define f < g if and only if f(n) < g(n) for every n € w and
f <* gifand only if f(n) < g(n) holds for all n € w except finitely many. A
family B C w® is unbounded if B is not bounded with respect to <* . A family
D C w¥ is a dominating family if for every f € w®, there is g € D such that
f <* g. The bounding number b is the size of the smallest unbounded family
and the dominating number 0 is the smallest size of a dominating family. We
say S = {fo | @ € b} Cw¥ is a scale if S is dominating and f, <* f3 whenever
a < fB. It is easy to see that b =0 is equivalent to the existence of a scale. A
function f € w* is unbounded over a model M if f £* g for every g € M and is
dominating over M if it dominates every element of M Nw®.

P (w) will have its natural topology, which is homeomorphic to 2¢. In



this way, the topology of P (w) has for a subbase the sets of the form (n), =
{ACw|n¢ A} and (n); ={ACw|ne A}, fornew.

A Polish space is a separable and completely metrizable space. The Baire
space (w¥) and the Cantor space (2¥) are examples of Polish spaces. We will
need the concepts of F,;, Gs, Borel, analytic, coanalytic and projective subsets
of a Polish space, which can be found in [33] or [50]. We say that T'C 2<% is a
tree if it is closed under taking initial segments and f € 2% is a branch of T if
f IneT for every n € w. The set of all branches of T is denoted by [T]. It is
well known that the compact subsets of 2% correspond to branches of subtrees
of 2<% (see [33]). For n € w, the n-level of the tree T is denoted by T,.

Let X be a topological space. We say that C' C X s crowded if it does not
have an isolated point. A perfect subset of X is a closed, non-empty crowded
subset of X. On the other hand, S C X is scattered if it does not contain a
non-empty crowded subset.

We will work extensively with elementary submodels. The reader is invited
to consult [17] for their most important properties and to learn how to apply
them in topology and set theory. For k a cardinal, by H(k) we denote the
collection of all subsets whose transitive closure has size less than k. For M
a countable elementary submodel of H(k) (and £ > wy), the height of M is
op = M Nws. It is easy to see that it is always a countable ordinal. We will fix
< a well order of H(k) and by Sub(x) we denote the set of all countable M C
H(x) such that (M, €, <) is an elementary submodel of (H(k), €, <). The well
ordering will play a key role in some of our arguments.

For A a set of the ordinal numbers, we will denote by OT(A) its order type.
If f is a function, by dom(f) we denote its domain and im(f) is its image.

3 Forcing preliminaries

We review some preliminaries on forcing that will be needed in Section 9. Nat-
urally, we assume the reader is already familiar with the method of forcing as
presented in [36].

Let P and Q be partial orders. By V¥ we denote the class of all P-names as
defined in [36]. An isomorphism F : P — Q can be extended recursively to a
bijection between V¥ and V@ (which we will also denote as F) by letting F (a) =
{(F(b), F (p)) | (b,p) € a}. The proof of the following result can essentially be
found in [30] or [31] and is easy to prove by induction on the rank of names.

Proposition 1 Let P and Q be partial orders and F : P — Q an isomorphism.
For every p € P, ¢ a formula, aq,...,a, € VE and sets by, ..., by, the following
are equivalent:



1. pI4p(ag, .y iy b0y ooy byn) 7
2. F(p) IF“p(F (o) , s F () , bos .., b)) ™.

We now review the standard method for adding many random or Cohen
reals using finite support. Proofs of the results mentioned below can be found
in [37]. For a set I, we will always equip 2! with its usual Tychonoff topology
(where 2 = {0, 1} is a discrete space).

Definition 2 Let I, J be two infinite sets and A\ : I — J an injective function.
1. Define AN : 27 — 21 given by A (f) = fo A for f €27,

2. Define A, : P (2') — P (27) where A, (B) ={f €2/ | foA € B} (in
other words, A, (B) = (A')™" (B)).

It is easy to see that if A : I — J is a bijection, then A’ is a homeo-
morphism. The following proposition follows from standard computations and
diagram chasing arguments:

Proposition 3 Let I, J, K be three infinite sets and A : I — J, 0:J — K
bijective functions.

1. (Idy), = Idyr (where Idx denotes the identity mapping of a set X ).
2. (coA), =00/,
(A=Y, = ()7

3.
4. Ny is a bijection.

We say B C 2! is Baire if it belongs to the smallest o-algebra that contains
all clopen sets. Denote by Baire(21) the collection of all the Baire subsets of 27.
If I is countable, then the notion of Borel and Baire coincide, but they are not
the same if [ is uncountable. If A : I — J is bijective, then A, | Baire(21) is
a bijection between Baire(21) and Baire(2‘]) .

Definition 4 Let I be an infinite set.

1. M7 denotes the o-ideal of meager sets in 27.

2. Nt denotes the o-ideal of null sets in 21 (where 21 has the standard product
measure).

3. Cohen forcing on I (denoted by C(I)) is the set of all Baire subsets of 2!
that are not in Mjy. We order C(I) by inclusion: A < B if and only if
ACB.



4. Random forcing on I (denoted by B (I)) is the set of all Baire subsets of
21 that are not in Nj. We order B (I) by inclusion: A < B if and only if
ACB.

Note that as we defined them, nor C(I) or B (I) are separative. Alterna-
tively, we could take their quotients. This choice does not affect the content
of the paper. If A : I — J is bijective, then A, : C(I) — C(J) and
Ay B (I) — B(J) are isomorphism of partial orders. If K C I, then B (K)
(C(K)) is isomorphic to a regular suborder of B (I) (C(I)), and for convenience
we will regard them as actual suborders. Furthermore, if @ is a B (I)-name for
a subset of w, we can find a countable K C I such that a is a B (K)-name (and
the same for Cohen forcing). We will be using all these facts implicitly.

4 Multiple d-pathways

Multiple 0-pathways will be introduced in this section and we will prove some
of their most fundamental properties. Before proceeding, we introduce some
definitions.

Definition 5 Let X be a set andn € w. A relation R C X" xw* is <*-adequate
if for every x4, ...,x, € X, there is f € w” such that for every increasing g € w*,
if g £* f, then the relation R (1, ..., 2y, g) holds.

A function f as above will be called an R-control for (z1,...,2,). It is not
hard to find <*-adequate relations and several examples will be provided in the
text.

Definition 6 Let My, ..., M,, be countable elementary submodels of some H(k) .
We will say that the sequence (Mo, ..., My) is 0-increasing if dnr, < dpr,,, for
each i < n.

It is worth pointing out that in our work, the sequence (M, ..., M,,) is typi-
cally not an €-chain (which is often the case when working with models as side
conditions, see [51] and [52]) and it will often be the case that daz, = dpy,,, for
some i < n. When discussing a specific d-increasing sequence (My, ..., M), it
will be understood that n € w and we will write d; instead of s, in case there
is no risk of confusion.

We can finally introduce the main definition of this section:

Definition 7 Let k > ¢ be a regular cardinal, B = {fo | @ < w1} C w® a family
of increasing functions and S C Sub(k) a stationary subset of [H(k)]¥ such
that every model in S has B as an element. We say that (B,S) is a multiple



O-pathway if for every d-increasing sequence (M, ..., M,) of models from S,
for every projective and <*-adequate relation R C (o.)“’)nJr2 with R € M,, and
x; € M; for i < n, we have that R (xq, ..., Tn, f5,) holds.

Several comments regarding the definition are in order:

1. The term “multiple” indicates that there are typically several models that
share the same height, which is not the case in the Model Hypothesis of
Roitman.

2. For our applications, the stationarity of S is only used to ensure that every
real (and hence every countable ordinal) appears in some model of S.

3. The relation R is required to be projective. The key feature of this re-
quirement is that it can be coded by a real, so several strengthenings or
weakenings are possible. For the applications of P-points and strong P-
points, Borel relations are enough, but it appears that more is needed for
Gruff ultrafilters.

4. Following the approach of Ferndndez-Bretén in [22], it is possible to de-
fine a notion of a multiple pathway for more cardinal invariants of the
continuum. We do not pursue this approach here, since we do not have
applications for other cardinal invariants. However, the study of multi-
ple pathways parametrized by cardinal invariants of the continuum might
prove fruitful in the future.

To avoid constant repetition, when working with a multiple d-pathway (B, S) ,
we will always use {f, | @ < w1} to refer to the sequence B. We have the fol-
lowing simple result regarding multiple pathways:

Proposition 8 Let (B,S) be a multiple d-pathway. For every M € S, the
function fs,, is unbounded over M. In particular, the existence of a multiple
0-pathway implies that b = w.

Proof. Let M € S. Define the relation R C (w*)® where R (g, f) if f £* g.
Clearly R € M, is a Gy relation and is <*-adequate. Since obviously (M) is
d-increasing, it follows that every real in M is R related to fs,,. Finally, since
the models in a multiple 0-pathway cover w*, we conclude that B is unbounded,
hence b=w;. =

The definition of multiple 0-pathway only mentions relations on the Baire
space, however, we can extend it to any Polish space, as the next lemma shows:

Lemma 9 Let (B,S) be a multiple 9-pathway and (M, ..., M,) a d-increasing
sequence of models of S. For every Polish space X € My N ..NM,, R C
X x w¥ projective and <*-adequate relation in M, and x; € X N M; for
i <, the relation R (xq, ..., Tn, fs,) holds.



Proof. We first find a continuous surjection H : w* — X with H € My N
... M, (since X is a Polish space, there is a continuous surjection from w*
to X, we now use the well order of H(k) to find one, denoted H, that is in
all our models). Define the relation P C (w*)" ™ where P (go, ..., gn, f) holds
just in case R(H (go),...,H (gn),f) is true. Note that P € M, and is <*-
adequate. Moreover, it is easy to see that P is a continuous preimage of R, so
P is projective as well. H is surjective and it is in every M;, so we can find
g9i € M; Nw* such that H (g;) = z;. Since (B,S) is a multiple d-pathway, we
know that P (go, ..., gn, fs,) is true, which means that R (z, ..., Zn, f5,) is true
as well. m

This covers the basics of multiple 0-pathways and we are ready to move on
to applications.

5 A P-point from a multiple 0-pathway

An ultrafilter U on w is a P-point if every countable subfamily of U has a
pseudointersection in U. Without a doubt, the class of P-points is among the
most important and studied families of ultrafilters on countable sets. Note that
ultrafilters that are not P-points are very easy to construct (for example, every
ultrafilter extending the dual filter of the density zero ideal). In this way, the
challenge is in constructing P-points. Shelah was the first to show that it is
consistent that there are no P-points (see [55] and [47]). On the other hand,
several set theoretic axioms imply the existence of a P-point, for example the
equality 0 = ¢, the inequality u < 9 (see [3]) or the parametrized diamond ¢ ()
from [43]. None of these principles hold in the random real models, which makes
the construction of P-points in such models very interesting. We will now build
a P-point from a multiple d-pathway. Our approach is inspired by Theorem 5.7
of [19].

Definition 10 Let F : w — P (w) and g € w¥. Define F9 = |J F(n)Ng(n).

new

It is clear that if F' is C-decreasing, then FY is a (possibly finite) pseudoin-
tersection of im(F). Note that if f < g, then F/ C F9. It is trivial to see that
if F' is the constant function with value A C w and g € w® is increasing, then
F9 = A. The following results are easy and we leave them to the reader.

Lemma 11 Let F : w — [w]” be C-decreasing. There is f € w* such that for
every increasing g € w*, if g £* f, then F9 is infinite.

Lemma 12

1. Let n € w. The set R, C P (w)""" consisting of all (Ao, ..., Ay) such that
Ag N ...N A, is infinite, is Gy.



2. The set R C P (w)” consisting of all functions F such that im(F) is cen-
tered, is Gs.

We will need the following;:

Lemma 13 Let (B,S) be a multiple v-pathway and (Mo, ..., M) a d-increasing
sequence of models of S and m < n be the least such that 6§, = 0,. For every
i <n, assume F; : w — [w]” € M; is C-decreasing.

If {Fg‘so,...,Fﬁfl‘l}U im(F,,) U ..U im(F,) is centered, then [ Fiféi is
i<n
infinite.

Proof. Define the relation R C (P (w)“’)"-‘_1 x w* where R(Gy,...,Gn, f) holds
in case one of the following conditions is true:

1. {Gé‘so, oy GTom } U im(Gy,) U ..U im(Gy,) is not centered.

y Tm—1

2. G .. nG N GI .. AGY s infinite.

Since fs,,-.s f5,,_, € M,, we get that R € M,,. By Lemma 12 (or rather
by its proof), the first clause is an F, condition and the second one is Gy, so
R is both F,5 and Gs,, although we only care that it is Borel. Moreover, it
is <*-adequate by Lemma 11 and Proposition 8. The conclusion follows since
(B,S) is a multiple d-pathway. =

We can now prove:

Theorem 14 If there is a multiple 0-pathway, then there is a P-point.

Proof. Fix (B,S) a multiple d-pathway. Define D = {0y | M € S} and for
every § € D, let W5 = U{P(w)NM | M € SAdp <d}. By recursion over
0 € D, we will define families Us, As and Ps with the following properties:

1. Us, Ps and As are subsets of [w]” .

2. Uy, CUs and A, C A5 for y € DN

3. A; CWs.

4. Ps is the collection of all F7s for which there is M € S with dy = 0,

F:w — A.sis C-decreasing and belongs to M (where A.s = |J Ay).
£EeDNo

5. Us=U{Py|veDN@+1)}.

6. Us U As is centered.



7. As is C-maximal with respect to points 3 and 6.

Assume we are at step 6 € D and U, A, and P, have been defined for
all v € DN4. In case § is the minimum of D, we have Us = Ps = (). Choose
As € Ws any maximal centered set extending the Fréchet filter. Now consider
the case where 9§ is not the least member of D. Note that U5 and Py are defined

from Acs, so we only need to find As. Define Ucs = |J Ue and note that
£eDnNé
Ucs U Acs is centered, since (by the recursion hypothesis) it is an increasing

union of centered sets. We now prove the following:

Claim 15 Us U A-s is centered.

Let By, ..., B, € Us U Acs, for every i < n, we find M; € S and F; € M; in
the following way:

1. In case B; € A.s, choose M; for which 6; = dp, < 6 and B; € M;. Let
F; 1 w — [w]” be the constant function with value B;.

2. If B; € Us, choose M; with §; = 0y, <6 and F; : w — Acs, € M; that
is C-decreasing and B; = Fif‘sf‘.

It might be possible that for some i < n both clauses apply (in other words,
B; € Us N Acs). If that is the case, we can choose to follow either one of them.
For each ¢ < n, we have the following;:

1. B; = F/*.

2. F; € M;, is C-decreasing and im(F;) C As.

By taking a reenumeration and possibly picking more elements of Us U Ay,
we may assume that (My, ..., M,,) is d-increasing and d,, = 0. Let m < n be the

least such that d,, = 6. We claim that H = {Foféo,.. Flomes } Uim(F,) U ..U

9t m—1

im(F,) is contained in U5 U A-s. Pick ¢ < n. We have the following cases:
1. If B; € A_s, then Ff"' = B; so there is nothing to do.

2. If B, € Us and i < m, then F; : w — A.;, which implies that Fl-féi S
Us, T Us.

3. If B; € Us and m < i, there is nothing to do since we already noted that
im(F;) C A_s.

10



We already pointed out that U.s U A.s is centered, so H is centered as

well. We are now in position to invoke Lemma 13 and conclude that Fif‘si is

i<n
infinite. Since B; = F, ifé"', this finishes the proof of the claim. We can now apply
Zorn’s Lemma and find As C Wy extending A, such that its union with Uy is
centered and it is maximal with these properties.

After completing the recursion, define U = |J Us and A = |J As. We will
s€D S€D
now prove the following:

Claim 16

1. UU A is centered.
2. U=A.
8. U is an ultrafilter.

4. U is a P-point.

To see the first point, simply note that ¢ U A is the increasing union of the
sets Us U A5 and since we already knew those are centered, it follows that U/ U A
is centered as well. We will now prove Y C A. Let B € U, find § € D such that
B € W; (recall that S is stationary). Since B € U, clearly Us U {B} U A is
centered. By the maximality of As that B € As. We will now show that A C U.
Let A € Aand § € D such that A € Aj. Since S is stationary, we can find
v € D and M € S such that dpy = v and 6,4 € M (so § < ). Let F be the
constant sequence with value A. We get that A = Ffv ¢ Py,s0 Bel.

It is time to prove that U is an ultrafilter. Let A, B,C,E C w such that
A Beldand AC C.Findé € Dand M € Ssuch that oy =dand A, B,C, F €
M. In this way, AN B,C,E and w \ E are in Wj. Since U = A is centered, it
follows that Us U{A N B,C}U A is centered. By the maximality of A, we get
that ANB, C € Ajs. Moreover, either UsUAs;U{ E} is centered or UsUAs;U{w \ E}
is centered, so the maximality of As entails that E € As or w\ E € As. Finally,
recall that in the first step of the recursion we made sure that U contains the
Fréchet filter.

It remains to prove that U is a P-point. Pick F' : w — U that is C-
decreasing. For every n € w, choose d,, € D such that F (n) € As,. We now
find 6 € D and M € S such that )y = § and F, {d,, | n € w} € M. In this way,
F € M and it is a decreasing sequence of elements of A_s,s0 Ffs ¢ Ps CU. m

11



6 A strong P-point from a multiple d-pathway

A P-point is an ultrafilter for which we can diagonalize against countably many
of its elements, while a strong P-point is an ultrafilter for which we can diag-
onalize against countably many of its compact subsets. Since every singleton
is compact, it follows that strong P-points are P-points. It is not difficult to
show that Ramsey ultrafilters are never strong P-points. The mere existence of
a P-point is not enough to imply either the existence of a strong P-point, nor
of a P-point that is not strong?*. In the Miller model every P-point is strong,
while in Shelah’s model of only one Ramsey ultrafilter (see [47]), every P-point
is Ramsey, and therefore not strong. Naturally, both types of P-points exist
under CH (cov(M) = ¢ is enough). In [4], Blass, Hrusdk and Verner proved that
strong P-points are precisely the ultrafilters whose Mathias forcing does not add
dominating reals. This makes them very useful for constructing models where
the bounding number is small, while other invariants like the splitting number
or variants of the almost disjointness number are large (see [8], [46], [47], [18],
[7], [5], [26], [25] or [28]). Strong P-points were introduced by Laflamme in [39]
with the purpose of studying the collection of all F, filters as a forcing notion.
We will obtain a strong P-point from a multiple d-pathway.

Definition 17 An ultrafilter U on w is a strong P-point if for every sequence
(Cn)new Of compact subsets of U, there is a partition P = {P, | n € w} of w into
intervals such that the set {A Cw |Vn € wiX,, € C, (ANP, =X, NP,)} is
contained in U.

For convenience, we will denote fin = [w]* \ {0} . Given an ultrafilter F on
w, we define the filter F<¢ on fin that is generated by {[4]~“\ {0} | A € F}. It
is not hard to see for X C fin, we have that X € (.7-'<“’)Jr if and only if for every
A € F, there is s € X such that s C A. The following theorem combines results
from Blass, Chodounsky, Hrusdk, Minami, Repovs, Verner and Zdomskyy (see
[4], [29] and [13]). We will only need the equivalence between 1) and 3).

Theorem 18 Let U be an ultrafilter on w. The following are equivalent:
1. U is a strong P-point.
2. The Mathias forcing of U does not add dominating reals.

3. U< is a PT filter, this means that every countable C-decreasing sequence
contained in (U<*)" has a pseudointersection in U<*)" .

4. U is a Menger subset of P (w) .

We now need to prove some results regarding compact sets that will be used
later.

4Note that a weak P-point is not the same as a P-point that is not strong.
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Definition 19 Let X C fin. Define:
1.C(X)={ACw|Vse X (ANns#£D)}.

2. Tx C 2<% s the set consisting of all s € 2<% such that for every u € X,
if u C dom(s), then uN s~ ({1}) # 0.

It is easy to see that C (X) is a compact subset of P (w), Tx is a tree and
C(X) = [I'x] (we are identifying a set with its characteristic function). The
relevance of these notions is the following lemma, which can be found in [28] or
[25]:

Lemma 20 Let U be an ultrafilter on w and X C fin. X € (U<)T if and only
if C(X)CU.

We now prove the following;:
Lemma 21 Let X,Y C fin. The following are equivalent:

1. C(X)UC(Y) is centered.

2. For every n,m € w and every si,...,sn € (T'x),,s 215, 2n € (Ty),, there
is k > m such that for every 31,....3, € (I'x); 415 Z1,-2n € (Ty),4y
for which s; C'5; and z; C Z; for every i < n, it is the case that 5; (k) =
z; (k) =1 for every i <mn.

Proof. Tt is easy to see that 2) implies 1). For the other implication, assume
that 2) fails. Let n,m € w and s1,...,5, € (Tx),,, 21,-.,2n € (Ty),, that
witness the failure of 2). Let S be the set of (31, ...,3,,Z1, ..., Zn) such that there
is k > m for which 5y, ...,5, € (Tx )11, 21, 2n € (Ty) 4y, 5 €S and z; C Z;
for every ¢ < n, but it is not true that s; (k) = z; (k) = 1 for every ¢ < n. S has
a natural tree ordering, it is finitely branching and by our assumption, it has
infinite height. By invoking Kénig’s Lemma (see [38], [32]), we know that S has
a cofinal branch. We can now find a finite subset of C (X) U C (Y) with finite
intersection. m

With the lemma (or rather its generalization), we get:

Corollary 22 Letn € w and define R C P ([w]<w)n as the set of all (X1, ..., Xpn)
such that |J C (X;) is centered. R is a Gy relation.

i<n
We now introduce the following notion:

Definition 23 For a function F': w — P(fin) and g € w*, we define the set
FI= | F(n)nP(g(n).

new
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If F is C-decreasing, then FY9 is a pseudointersection of im(F'). Note that
if f < g, then Ff C F9. It is trivial to see that if I is the constant function
with value A C fin and f is increasing, then F/ = A. Lastly, if B C w, then
C([B]") consists of all supersets of B. The following lemma has appeared in [28]
(Lemma 57) and in [25] (Lemma 3):

Lemma 24 Let F be a filter, D C F compact and Xy, ..., X, C P(fin) with
C(X1),....,C(X,) CF. For everyi < n, thereis Y; € [X¢]<w such that for every
FeDand A, ..., A" € C(Yi), we have that FN () Al # 0.

i,j<n

It will be convenient to introduce the following notion:

Definition 25 Let A be a family of compact subsets of P (w). We say that A
is compatible if | JA is centered.

We can now prove the following:

Lemma 26 Let D C P (w) be a compact set, n € w and F; : w — P(fin) for
each i < n such that {D} U{C (F; (k)) | i <nAk € w} is compatible. There is
h € w¥ such that for every increasing g € w*, if g £* h, then DUC (F§)U ..U
C (F9) is compatible.

Proof. We may assume that F; (k) C [w\ k]~ for every k € w and i < n.
With the aid of Lemma 24, we can find an increasing h € w* such that for
every m € w the following holds: For every Ey,...,E,, € D and A},...,A™ €

F,, (i) NP (h(m)) for every i < n, we have that EgN...NE,, N () Al is
i<n, j<m
non-empty. It is easy to see that h has the desired property. m

We only need one more preliminary result:

Lemma 27 Let (B,S) be a multiple d-pathway, (My, ..., M) a d-increasing se-
quence of models in S and m < n the least such that 6,, = 0,. For every i < n,
let F; : w — P(fin) € M; that is C-decreasing.

8

If {C(Fgéo)7 ...7C(F,J;ZL1’1)} U{C(F; (k) |m<i<nAk€ew} is compatible,
then |J C(Fif‘si) is centered.

i<n

Proof. Define the relation R C (P(fin)¥)" ™1 x w® where R (G, ..., Gpn, f) holds
just in case one of the following conditions is met:

1. {C(Ggéo), ...ﬂ(Gﬁ’ﬁ{l)} U{C(G; (k)) | m <i<nAk € w} is not compat-
ible.

2. C(GPYU...uC(GI ™Y UC(GL) U ... UC(GY) is centered.

14



Since f5,, .- f5,,_, € My, we conclude that R € M,,. By Corollary 22, the
first clause is an F, condition and the second one is Gg, so R is both F,s
and Gy, hence it is Borel. Moreover, it is <*-adequate by Lemma 26. The
conclusion of the lemma follows since (B, S) is a multiple d-pathway. =

We now prove the main result of the section:
Theorem 28 If there is a multiple 0-pathway, then there is a strong P-point.

Proof. Let (B,S) be a multiple d-pathway. Define D = {dp; | M € S} and for
every 0 € D, define W; as the set of all C (X) such that X C fin and there is
M € S such that 63y < § and X € M. By recursion over § € D, we will define
Us, As and Ps such that:

1. Us C [w]” while Ps and A; are families of compact subsets of P (w).
2. Uy, CU;5 and A, C A; for every v € DN 6.
3. As C Ws.

4. Ps is the collection of all C(F7s) such that F' : w — P(fin) is C-decreasing
and there is M € S with the property that dpy = 9, FF € M and C(F (n)) €

Acs for every n € w (where Acs = | Ag).
yeDN

5. Us=U{Py|yeDnNn(+1)}.
6. Us U|JAs is centered.

7. As is maximal with respect to points 3 and 6.

Assume we are at step 6 € D and U,, A, and P, have been defined for
all v € DN4. In case § is the minimum of D, we have Us = Ps = (). Choose
As C Ws any maximal compatible set of compact sets such that | JAs extends
the Fréchet filter. Now consider the case where ¢ is not the least member of
D. Note that Us and Ps are defined from A5, so we only need to find As.

Define U5 = |J Ug and note that U.s U |JA<s is centered, since (by the
¢eDnés

recursion hypothesis) it is an increasing union of centered sets. We now prove
the following:

Claim 29 Us U|JA<s is centered.

Let By, ..., B, € Us U|JAcs, for every i < n, we find M; € S and F; € M;
in the following way:

15



1. If B; € |JA<s, let M; such that §; = dp7, < 6 and there is X; € M, such
that B; € C (X;) and C (X;) € A;,. Let F; : w — P(fin) be the constant
sequence with value X;.

2. If B; € Uy, let M; such that 6; = 0y, < 0 and F; : w — P(fin) € M; such
that B; € C(Fif5i) and each C (F; (k)) is in Acs,.

It might be possible that for some i < n both clauses apply. If that is the
case, we can choose to follow either one of them. For each i < n, we have the
following:

1. B; € C(Fiféi).
2. F; :w — P(fin) € M; and is C-decreasing.

3. C(F; (k) € Acs for all k € w.

By taking a reenumeration and possibly picking more elements of Us U JA<s,
we may assume that (Mo, ..., M,,) is d-increasing and §,, = 6. Let m < n be

the least such that §,, = . We claim that H = C(F({‘SD) U..u C(Fﬁf{l) U
U{C(F;(k)) | m <i<nAkecw}is contained in U5 U|JA<s. Pick i <n. We
have the following cases:

1. If B; € [JAs, we have that C (X;) € As and F' = X,

2. If B; € Us and i < m, then F; : w — A, which implies that Fif‘si S
Us, S Us.

3. If B; € Us and m < i, there is nothing to do since we already noted that
C (F; (k) € Ags for all k € w.

Recall that U.s U|JA<s is centered, so H is centered as well. We are now in

position to invoke Lemma 27 and conclude that |JC (Fiféi) is centered. Since
i<n

B; € C(Fifé"), this finishes the proof of the claim. We use Zorn’s Lemma and

find As C Ws extending A4 such that Us U|JAs is centered and it is maximal
with these properties.

After completing the recursion, define U = |J Us and A = J As. We will
6eD seD
now prove the following:

Claim 30

1. UU|JA is centered.
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2. U =JA.
3. U is an ultrafilter.
4. If X € U=*)" | then C(X) € A.

5. U 1is a strong P-point.

Since UU|JA is equal to the union of UsU| JAs and these are increasing and
centered, it follows that /U JA is centered. We prove that U C | JA. Let B € U,
§ €D and M € 8 such that 6,y = 6 and B € M. Let X = [B]" and recall that
C(X)={ACw|BCA}andC(X) e W;. Clearly Us UAs UC (X) is centered,
so by the maximality of A, we get that C (X) € As, hence B € | JA. Now, take
Ae|JA. Find § € D and Y € W; such that A € C(Y). Let F be the constant
sequence with value Y. We now find v € D and M € S such that dp; = v and
8, F € M. We have that C(Y) =C (F/) C U,.

We now prove that U/ is an ultrafilter. Let A, B,C, F C wsuch that A, B € U
and A C C. Find § € D and M € S such that 6y = 6 and A,B,C,E € M.
Let X = [ANB]", which is in Ws. Since U = |JA is centered, it follows that
Us UC (X)U|JAs is centered. By the maximality of Ay, we get that C (X) € As.
Since AN B, C € C (X)), it follows that AN B,C € U. Moreover, we know that
either Us UJAs UC([E]") is centered or Us U|JAs UC([w \ E]") is centered, so
by the maximality of As, we obtain that C ([E]l) € AsorC ([w \ E]l) € As.
Finally, recall that in the first step of the recursion we made sure that I/ contains
the Fréchet filter.

Let X € (U<*)". Since U is an ultrafilter, we know that C (X) C U by
Lemma 20. Find § € D and M € § such that dyy = 6 and X € M. Clearly
Us UC(X) ULJAs is centered, so by the maximality of As we conclude that
C(X) € As.

It only remains to prove that U is a strong P-point. We use Theorem 18. Let
F:w— (U<%)" be C-decreasing. By the previous point of the claim, for every
n € w, we can find d,, € D such that C (F (n)) € As, . We now choose 6 € D and
M € S with §); = 6 such that FF € M and §,, < d for every n € w. In this way,
C(F#5) € Ps and then it is contained in 2. We conclude that F7s e (U<«)" by
applying Lemma 20 once again. m

7 A Gruff ultrafilter from a multiple 0-pathway

We now turn our attention to ultrafilters on the rational numbers®, which we
denote by Q. A particularly nice combinatorial feature of the rational numbers

5When discussing the rational numbers, we always assume it is equipped with its usual
topology.
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(which is not longer true for the the real numbers), is that it has no Bernstein
subsets. In other words, if we split the rational numbers into two pieces, then
at least one of them contains a perfect subset®. This property motivates the
following definition:

Definition 31 Let U be an ultrafilter on Q. We say that U is a Gruff ultrafilter
if it has a base of perfect sets.

Gruff ultrafilters were introduced by van Douwen in [53] while studying SQ
(the Cech-Stone compactification of Q) who asked if there are such ultrafilters.
He was able to to prove they exist in case that cov(M) = ¢ and later Copldkova
and Hart in [16] obtained the same conclusion under b = ¢. Both of these results
were improved by Ferndndez-Bretén and Hrusék in [23] where a Gruff ultrafilter
is obtained from 0 = ¢. Fernandez-Bretén and Hrusak were also interested in the
existence of Gruff ultrafilters in the random model and constructed one using
a pathway (see also [22]). Unfortunately, as discussed before, it is not known if
pathways exist in the random model. We will now build a Gruff ultrafilter from
a multiple d-pathway. Our approach takes inspiration from [23] ([22]) and [19].
Apart from the papers already mentioned, the reader may consult [?], [14] and
[40] to learn more about Gruff ultrafilters and [10] for more on combinatorics of
scattered subsets of the rationals.

Denote by scatt the ideal of scattered subsets of Q and by bscatt the ideal
generated by both the scattered sets and the bounded (from above) subsets of Q.
When constructing a Gruff ultrafilter, it is sometimes more convenient to build
one which has a base of perfect unbounded subsets (see [23]). Given A C Q, the
crowded kernel of A (denoted by K (A)) is the union of all the crowded subsets
of A. The following are simple remarks regarding this notion:

Lemma 32 Let A C Q.
1. If A € scatt™t, then K (A) is crowded.
2. K (A) is the largest crowded subset contained in A.
3. If A € bscatt™, then K (A) is crowded and unbounded.
4. The symmetric difference between A and K (A) is in scatt.
5. If F is a filter on Q such that scatt* C F and A € F, then K (A) € F.

We will now recall a very useful notion from [23]. From now on, fix an enu-
meration Q = {g, | n € w}. For ¢ € Q and r > 0, we denote by B (g, r) the open
ball of ¢ with radius r. Given a function f € w* and n € w, denote Jy (n) =

SRecall that perfect sets are non-empty.
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B(gn, %), where k is the least natural number such that g,, ¢ B(¢n, %) for

every m < f(n) such that m # n (the purpose of v/2 is only to ensure that
J;(n) is a clopen subset of Q, evidently we can use any other positive irra-
tional number). Intuitively, we are making J; (n) as large as possible with the
restriction that it can not include any g, for which m < f (n) and m # n.

Definition 33 Let X C Q and f € w¥. Define X (f) =Q\ U Jf(n).
n¢X

The following two results can be found in [23]:
Lemma 34 Let X, Y CQ and f,g € w”.

1. X (f) is a closed subset of X.

2. IF X CY, then X (f) CY (f).

X ()Y (f)=XNnY)(f).

4- If f < g, then X (f) € X (9)-

Proposition 35 Let X C Q be crowded and unbounded. There is h € w* such
that for every increasing g € w*, if g £* h, then X (g) is perfect and unbounded.

Using Proposition 35, for every X C Q that is crowded and unbounded, we
fix a function hx € w* such that for every increasing g € w¥, if g £* hx, then
X (g) is perfect and unbounded.

For a rational number ¢ € Q, define (¢), = {ACQ|q ¢ A} and (¢); =
{ACQ|qe A}. We endow P (Q) with the topology that has as a subbase the
family {(q), | ¢ € Q Ai < 2} . Evidently, P (Q) with this topology is homeomor-
phic to P (w) . The following lemma refers to this topology.

Lemma 36
1. The collection of all crowded unbounded subsets of Q is Gs.
2. The ideal bscatt is coanalytic.
We now prove the following:

Lemma 37 Let (B,S) be a multiple v-pathway and (Mo, ..., M,,) a §-increasing
sequence of models from S. Let m < n be the first one such that é,, = 0. For
every i < n, pick X; € M;N bscatt™.

If Xo (f50) N N Xt (f5,,_,) N X N...N Xy, € bscatth, then () X; (fs,) €
<n

bscattt.
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Proof. Define the relation R C P (Q)""' x w* where R (Y, ..., Yy, f) holds in
case one of the following conditions is met:

L Yo (fs) N oo N Yoot (fo5,0_1) N Y N...NY;, € bscatt.

2. Yo (f5o) Moo N Yoot (f5y) N Yo (F) N oMYy, (f) € bscatt ™.

Since fsg, .- f5,,, € My, we conclude that R € M,,. By Lemma 36 (or
rather by its proof), the first clause is coanalytic and the second one is analytic,
so R is projective. We now prove that it is <*-adequate. Let Yy,...,Y,, C Q, if
Z =Yy (fsy)N..NYiq (f(;m_l) NY,, N..NY, € bscatt, there is nothing to
do, so assume otherwise. We claim that hg(z) is an R-control for (Yp,...,Yy,).
To see this, pick g € w“ increasing such that g £* hi(z). We now have the
following:

K(Z)(g) € Z(g)
= NOWENEN N Yl
c NN N Y

By Proposition 35, we know that K (Z)(g) is perfect and unbounded, so
N Y:(fs,))N ) Yi(g)isnot in bscatt. The conclusion of the lemma follows

<m m<i<n

since (B, S) is a multiple d-pathway. m
We now proceed to prove the main result of the section.

Theorem 38 If there is a multiple d-pathway, then there is a Gruff ultrafilter.

Proof. Let (B,S) be a multiple d-pathway. Define D = {dp; | M € S} and for
0 € D, denote Ws = |J M NP (Q). By recursion over § € D, we shall find

oM <6
Us, As and Ps with the following properties:

1. Us and Py are families of perfect and unbounded sets.
As C WsN bscattt.

If vy € DN, then A, C As and U, C Us.

Ll

Ps is the family of all X (f5) for which there is M € S for which 0y = 6

and X € M N As is crowded (where Acs = |J A,).
yeDNS

5. Us=U{Pe|£€DN(6+1)}.
6. Us U As generates a filter contained in bscatt™.

7. As is maximal with respect to points 2 and 6.
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Before starting the construction, note that Az will have the following prop-
erty: If B € Ay, then K (B) € As. To see this, let M € S such that B € M
and dy; < 6. Since B € M, we get that K (B) € M, hence K (B) € Ws. Call
F the filter generated by Us U AsU bscatt*. Since B € F, then K (B) € F (see
Lemma 32) which implies that Us U As U {K (B)} generates a filter contained
in bscatt™. By the maximality of As, we conclude that K (B) € As.

Assume we are at step § € D and U,, A, and P, have been defined for
all v € DN4. In case § is the minimum of D, we have Us = Ps = (). Choose
As C WsN scatt™ any maximal centered set extending the filter of cobounded
subsets of Q. Now consider the case where ¢ is not the least member of D. Note
that Us and Py are defined from A.g, so we only need to find As, but first
we need to prove that both Us and Ps consist of perfect and unbounded sets.
It is enough to prove it for Ps. Let M € S with 03y = 6 and X € M N A
is crowded. Moreover, X is also unbounded since A.s extends the filter of
cobounded sets. We need to prove that X (fs) is perfect and unbounded. Since
X € M, it follows that hg is also in M. Since f5 is unbounded over M, we get
that X (fs) is perfect and unbounded by Proposition 35.

Define U<s = |J Ue and note that Ucs; U Acs generates a filter contained
£eDNé

in bscatt™ by the recursion hypothesis. We now prove the following:

Claim 39 Us U A.s generates a filter contained in bscatt™.

Let By, ..., B, € Us U A, for each i < n, we find M; € S and X; € M; in
the following way:

1. In case B; € A.s, choose M; for which 6; = dp, < 6 and B; € M;. Let
X, =K (B;).

2. If B; € Us, choose M; with 6§, = dp, < 6 and X; € M; N A, crowded
such that B; = X; (fs,) .

It might be possible that for some i < n both clauses apply. If that is the
case, we use either of them. For each i < n, we have the following:

1. X; € M; N A.s and is both perfect and unbounded.
2. X, (fs,) C B;.

By taking a reenumeration and possibly picking more elements of Us U A5,
we may assume that (My, ..., M},) is d-increasing and §,, = 6. Let m < n be the
least such that d,, = §. We claim that Xo (f5,) ;. , Xm—1 <f5m71) s Xy X €
Ucs U Acs. Pick @ < n. We have the following cases:
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1. If B; € A, then X; = K (B;) € As,, so X; (f5,) € Us,.
2. If B; € Us and i < m, then X; € As,, so X; (fs,) € Us, .

3. If B; € Us and m < i, we already knew that X; € A_s.

Recall that U5 U A<s generates a filter contained in bscatt™, so Xq (fs,) N
N X (f(;mfl) N X, N...NX, € bscatt™. We are now in position to call
Lemma 37 and conclude that () X; (fs,) € bscatt™. Since X; (f5,) C B, this

i<n
finishes the proof of the claim. We now invoke Zorn’s Lemma and find As C W
extending A as desired.

After completing the recursion, define A = |J As and U as the set of all

seD
B C Q for which there is U € |J U;s for which B C U. We will now prove the
seD
following:
Claim 40

1. UU A generates a filter contained in bscatt™.
2. U=A

3. U is an ultrafilter.

4. U is a Gruff ultrafilter.

The first point is easy, we now prove that U = A. We will first see that
UCA Let U el, find j € D and M € S such that there is B € Us for which
B CU and B,U € M. It is clear that Us U.As U{U} generates a filter contained
in bscatt™. Since U € Wy, it follows by the maximality of As that U € As. We
now prove that A CU. Let A € A for some § € D. We now choose v € D
and M € S such that 0y = v and A,0 € M. Since A € A, it follows that
K = K (A) is also in A..,. In this way, K (f,) € U, and then A € U.

The proof that U is an ultrafilter is similar to arguments used in the proof

of Theorems 14 and 28. Finally, it is Gruff since |J Us is a base of U consisting
6eD
of perfect sets. m

8 Combinatorics of elementary submodels
Our current goal now is to prove that multiple d-pathways may consistently

exist. We will derive several combinatorial results concerning countable elemen-
tary submodels which are the new insight for the main theorems of the paper.
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The results in this section do not directly refer to pathways and may be of
independent interest.

Fix a regular cardinal x > ¢ and < a well order of H(x) . The following result
is well-known, we prove it for completeness.

Lemma 41 (CH) Assume that M, N € Sub(k) and dp; < dn. H(wi) N M C
H(wl) N N.

Proof. Let g : w; — H(w1) be the <-minimal bijection, so it is in both M and
N. Since H(w1) N M = g[dp] and H(wy) NN = g [dn], the result follows. m

We now extend the previous lemma:

Lemma 42 (CH) Let M,N € Sub(x) with dpr < én. If A€ MNN and is a
countable subset of the ordinals, then P (A)NM C N.

Proof. Let B € P(A)N M and v = OT(A) < w;. Denote by e : A — v the
(unique) order isomorphism. Since A € M N N, it follows that e € M N N.
Clearly e [B] € H(w1) N M, so e[B] € N by Lemma 41. Since e~! is also in N,
it follows that B € N. m

If A is a set of ordinals, we denote by A its closure in the usual order
topology. It is easy to see that the closure of a countable set is also countable.
In particular, if M € Sub(k) and A € M is a countable set of ordinals, then
A C M. For us, a partition P is simply a collection of pairwise disjoint sets
(0 € P is allowed) and a partition for a set A is a partition whose union is A.

Lemma 43 (CH) Let M, N €Sub(r) with 6,y < 6x, n € w and A, B € [w,]=*

such that A € M and B € N.

1. There is a partition P = {Ag, A1} € M of A such that Ay € N and
AiNB=0.

2. AnB e N.

Proof. Note that the second point is a trivial consequence of the first. We
prove the first point by induction over n. For n < 1, we have that A € N by
Lemma 41, so we simply let A = AN B and A; = A\ B. Assume the lemma is
true for n, we prove that it is true for n+1 as well. Denote 8 =|JA N B+1 and
note that 8 € M NN. Fix h : 8 — w,, be the J-least injective function, clearly
h € M N N. Define C = h[ANS] and D = h[BNpJ], we have that C € M
and D € N. We can now apply the inductive hypothesis and find a partition
{Cy,C1} € M of C such that Cop € N and C; N D = (). Letting Ag = h=1 (Cp)
and A; = A\ h=1(Cy), we have that {4y, A;} € M and Ay € N. We only need
to prove that AN B = (). Assume that there is « € A; N B, it follows that o < 3
and h (a) € C\ Cy = Cy. In this way, h (a) € C1N D, but this is a contradiction
sinceCiND=0. m
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The following definition plays a similar role to the finite partitions used in
[19].

Definition 44 Let (My, ..., M) be a §-increasing sequence of models from Sub(k).
We say that P = (P; | ¢ < n) is a coherent sequence of partitions for (M, ..., M)
if for every i < n, the following conditions hold:

1. P, € M; and is a finite partition consisting of countable subsets of the
ordinals.

2. Ifl<j, thenPZﬁMJQP]

3. U P; is a partition.
j<n

The next lemma illustrates how to construct non-trivial coherent sequences
of partitions.

Lemma 45 (CH) Let (M, ..., M,,) be a d-increasing sequence of models from
Sub(k), | € w and A; € M; N [w)]= for every i < n. There is P = (P; | i <n)
a coherent sequence of partitions for (My, ..., M) such that A; C UP; for every
1 <n.

Proof. We proceed by induction over n. For n = 0 we simple take Py = {Ap}
and we are done. Assume the lemma is true for n, we will see it is true for n+1
as well. Find (P; | ¢ < n) a coherent sequence of partitions for (My, ..., M,,) such
that A; C UP; for every i < n.

Claim 46 Thereis (R; | i <n) a coherent sequence of partitions for (Mo, ..., M)
with the following properties:

1. UP; C UR; for every j < n.

2. For every B € |J R;, we have that BN A1 € My1q.

i<n

Denote P = |J P;. Pick C € P and ¢ < n the minimal one for which
i<n

C € P;. We can apply Lemma 43 and find a partition {Cy,C1} € M; of C such
that Cy € M,, and A,,11 N Cy = 0. Define R = {C,, | C € P Au € 2} and for
every ¢ < n, denote R; = RN M;. We claim that (R; | i <n) is as desired.
Clearly R is a partition, if B € R then BN A1 € M,41 and if i < j, then
RiﬂMj = RﬁMiﬁMj = Rj ﬂMi - Rj. It remains to prove that UPj - UR]‘ for
every j < n.Let C' € P; and find ¢ < j the first one for which C € P;. Note that
C € M; N M, and §; < d;, so by Lemma 42, we know that P (C') N M; C Mj,
which entails that Co,Cy € Mj, hence Co,Cy € R;. This finishes the proof of
the claim.
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Fix (R; | i <n) as above. Define R, 11 = (M, N U R;) U{A4n+1\ U Ri}.
i<n i<n

It is easy to see that (R; | i <n + 1) is as desired. m

‘We now prove the final result of this section, which will enable us to transfer
certain names across elementary submodels.

Proposition 47 (CH) Let (My,...,M,) be a §-increasing sequence of models
from Sub(k), | € w and P = (P; | i < n) a coherent sequence of partitions for
(Mo, ..., M) where P; C [wl]gw. There is a bijection A : w; — w; with the
following properties:

1. If Ae |J P, then A[A] € M,, and A | A is order preserving.

i<n
2. If A € P,, then A | A is the identity mapping.

Proof. Take an enumeration { Ay, ..., 4, } of all elements of | J P; that are not in
i<n
P, and denote Y = |J |J P;. Choose 8 < §,, such that OT(Y) < fand Y Nw; C
i<n
B. For each k < m, denote v, = OT(Ag) and e : Ay —> 7% the (unique)
order isomorphism. Define Ay : Ay — w; where Ak (o) = B(k+1) + e ()
and note that im(Ag) = [8(k+1),8(k+ 1) + ), which belongs to M, since
B,vk € M,. Moreover, note that if k& # r, then im(Ag)N im(A,) = 0 and if
A € P,, then ANw; C B, while im(Ag) N B =0 for every k < m, so im(Ag)

and A are disjoint. In this way, we can extend |J Ay to a permutation of w;
k<m
that fixes every element of P,,. m

9 Forcing multiple d-pathways

We now apply the results from the previous section to establish the existence
of multiple 0-pathways in certain random and Cohen models. Having that goal
in mind, we need to introduce a couple of definitions.

Definition 48 Let PP be a partial order and a,b two P-names. We say that a
and b are equivalent if P IF“G = b".
We now introduce the main definition of this Section.

Definition 49 Let P be a partial order. We say that P has the transformation
property if for every large enough regular k, (M, ..., My,) a 6-increasing sequence
of models in Sub(k) where P € M; for every i <n, ag € My, ...,a, € M, that
are P-names for subsets of w, there is an automorphism H : P — P such that:

1. H (an) = an.
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2. For every i < n, we have that H(a;) is equivalent to a P-name that is in
M,.

Note that the automorphism H is not required to be in M,,. We recommend
that the reader to consult Section 3 as we will be using the notation and results
from there.

Theorem 50 (CH) Let P be a ccc forcing that does not add dominating reals
and has the transformation property. P forces that there is a multiple 0-pathway.

Proof. Choose B = {fo |a € w1} C w® a scale of increasing functions, x a
large enough regular cardinal such that P € H(k). Define S = {M | M €
Sub(k) A B,P € M}, which is stationary. We claim that if G C P is a generic
filter, then in V [G] we will have that (B,S) is a multiple d-pathway, where
S={MI[G]| M € S}. Since P is ccc, S is forced to be stationary, M [G]NV = M
and dprq) = on for every M € Sp (see [47] and [52]).

Let p € P, (My,...,M,) a dé-increasing sequence of models in Sy, &o €
My, ..., &n € M, that are P-names for elements of w” and R € M,, a name
for a projective and <*-adequate relation. Since a projective relation can be
coded by a subset of w (and also any element of w®), by the transformation
property, we can find an automorphism H : P — P such that H (&;) is equiv-
alent to a name in M, for every i < n, H (i,) = &, and H(R) = R. Since
R is forced to be <*-adequate, there is g € M, a P-name that is forced to
be an R-control for (H (i), ..., H (&y)). Since P does not add dominating re-
als and is ccc, we know that H (p) IF“fs, ¢* ¢’. Therefore, we know that
H (p) W“H(R) (H (i0) , ..., H (), f5,)” and since H is an isomorphism, with
the aid of Proposition 1, we conclude that

p ”_“R (jjO7 "'7$bn7 f‘sn)”' u

Both Cohen and random forcings are ccc and do not add dominating reals
(random forcing does not even add unbounded reals, see [2]). Our next goal is
to show that they have the transformation property. For the remainder of the
section, [ will denote a natural number, P (I) will be either Cohen or random
forcing (where I C w;) and & a large enough regular cardinal.

Proposition 51 (CH) Let M, N € Sub(r) with 5y < dn, I € M N [w]” and
a € M aP(I)-name for a subset of w. If A\ : w; — wy a permutation for which
there is P € M a finite partition of I such that for every A € P we have that
A T A is order preserving and A [A] € N, then A, (a) is equivalent to a name
in N.

Proof. Take an enumeration P = {P; | ¢ <n} and choose § < Jj; a limit
ordinal larger than OT(I). For each ¢ < n, denote ; = OT(F;) and ¢; : P, —
~; the only isomorphism. Since A is order preserving in each P;, we know that ~;
is isomorphic to A [P;] as well. Let €; : A[P;] — ~; be the only isomorphism.
Note that e; € M and €; € N. We now define the function:
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h:I— w g: NI — wy
Such that for every a € P; :

hl@)=Bite@)  g(A(a)=Bi+a (D (a))
= Bi+e;(a)
=h(a)

Clearly h = g o A and im(h) = im(g). We have the isomorphisms h, :
P(I) — P(h[I]) and g. : P(A[I]) — P(h[I]). Note that h,h, € M and
9,9« € N. Denote b = h,, (@), which is a P (h [I])-name. Since h [I] is a countable
subset of wy, since P (h [I]) is cce, we can code b as an element of MNH(w;) and
by Lemma 41, we conclude that b € N. In this way, we know that ¢ = g*_l(b)
is a P (A [I])-name that is in N. In this way, in order to prove that A, (a) is in
N, it is enough to show that it is equal to ¢. Let p € P(A[I]) and n € w. Using
Propositions 1 and 3, we obtain the following:

plFn € g1 (b)”

g (p) IFn e b

g+ (p) IFn € hy (a)”
h;l 0 s (p) IF¢n € &
(h_l o g)* (p) F¢n e a”
A7 (p) IFn € a7
plEén € A, (a)”

We conclude that A, (a) and ¢ are equivalent. Since ¢ € N, the proof is
finished. m

plFn e

ITIITT]

We can finally prove:
Proposition 52 (CH) P (w;) has the transformation property.

Proof. Let k be a regular large enough cardinal, (Mo, ..., M,) a d-increasing
sequence of models from Sub(k) and a9 € My, ...,a, € M,, be P(w;) names for
subsets of w. For every i < n, find A; € M;N[w;]” such that a; is a P (A;)-name.
We now use Lemma 45 to summon P = (P; | i <n) a coherent sequence of
partitions for (M, ..., M, ) such that A; C UP; for every ¢ < n. Denote I; = UP;
for every i < n. Clearly I; € M; and a; is a P([;)-name. We now invoke
Proposition 47 to find a permutation A : w; — wy such that is the identity in
every element of P, and for every B € | JP; it is the case that A[B] € M,, and
A | B is order preserving. Finally, by Proposition 51, we know that A, (a;)
is equivalent to a name in M, for every i < n. Moreover, since A | I, is the
identity, we get that A, (a,) = . W

‘We can now conclude:

Corollary 53 (CH) Let I < w. Both C(w;) and B(w;) force that there is a
multiple 0-pathway.
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In particular:

Theorem 54 (CH) Let ! < w. B(w;) force that there is a strong P-point and a
Gruff ultrafilter.

Of course this is also true for Cohen forcing, but it is not new since the
existence of a Gruff ultrafilter and a strong P-point follow from 9 = ¢ (see [23]
and [26]).

10 Open Questions

We now list some questions we do not know how to solve. The most important
one is the following:

Problem 55 Are there P-points (Gruff ultrafilters, strong P-points) in every
model obtained by adding any number of random reals to a model of CH?

It would be enough to provide a positive answer to the following:

Problem 56 Does CH imply that C (k) and B (k) have the transformation prop-
erty for any cardinal k?

In [19] the first author proved that there will be an ultrafilter that does
not contain a nowhere dense P-subfilter (equivalently, w* can not be covered
by nowhere dense P-sets) after adding we Cohen reals to a model of CH+ O,
Building on the ideas developed in this paper and in [19], we were able to
construct such an ultrafilter after adding fewer than X, Cohen reals over a
model of CH, this result will appear in a forthcomming paper.
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