SCALES AT R,

DIMA SINAPOVA AND SPENCER UNGER

In this paper we analyze the PCF structure of a generic extension by the
main forcing from our previous paper [19]. Our analysis relies on a different
preparation than was used in the first paper. As a corollary of our analysis
we have a partial answer the following question of Woodin: “Is it consistent
that both the singular cardinals hypothesis and weak square fail at X,?” In
particular we prove the following theorem:

Theorem 0.1. It is consistent relative to a supercompact cardinal that N,
is a strong limit, 2% = N, 4o and Oy, x,, fails for all n < w.

The motivation for Woodin’s question comes from a tension between the
failure of weak square and the failure of the singular cardinals hypothesis.

Definition 0.2. Let v be a singular cardinal. The singular cardinal hypoth-
esis (SCH) at v is the assertion “If v is strong limit, then 2V = vt.”

We note that the singular cardinals hypothesis holds at every singular car-
dinal in Easton’s [5] models for possible behavior of the continuum function
on regular cardinals. In particular the behavior of the continuum function
on singular cardinals is determined by its restriction to regular cardinals. So
models for the failure of SCH give non-trivial examples of possible behavior
for the continuum function on singular cardinals.

The principle weak square was introduced by Jensen [9] in his study of the
fine structure of L. Intermediate principles were introduced by Schimmerling
[15] and it is these intermediate principles that we define here:

Definition 0.3. Let v and \ be cardinals. A U, y-sequence is a sequence
(Co | @ < vT) such that
(1) for alla <vt, 1 <|Cq| < A,
(2) for all « < vt and for all C € Cy, C is club in « and 0.t.(C') < v
and

(3) for alla <vt, all C € Cy and all B € lim(C), C'N S € Cg.

Jensen’s [0} is [,,, under the above definition. The theorem which con-
nects the combinatorial principle weak square to classical set theoretic ob-
jects is due to Jensen:

Theorem 0.4. (0% holds if and only if there is a special v -Aronszajn tree.
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When v is regular, an easy argument shows that (I}, follows from the car-
dinal arithmetic v<" = v. So in particular the successor of every inaccessible
cardinal carries a special Aronszajn tree.

This brings us to the motivation for Woodin’s question. The original
model for the failure of the singular cardinals hypothesis is obtained as
follows:

(1) Start with a large cardinal x and force 2% > k™ while preserving the
measurability of k.

(2) Force with Prikry forcing [14] to make x singular strong limit of
cofinality w while preserving cardinals above k.

By our remark above that the successor of an inaccessible cardinal has
a special Aronszajn tree, we have that there is a special k-Aronszajn tree
in the ground model for such a construction. Since special Aronszajn trees
are preserved in cardinal preserving extensions, the tree from the ground
model remains special in the extension and hence [J}, holds. So initially it
looked like forcing the failure of SCH would always give a weak square even
for a typical large singular cardinal. It is worth noting that Cummings and
Schimmerling [4] later showed that Prikry forcing at x adds a O, ,-sequence.

Part of the motivation for Woodin’s question (when formulated for an
arbitrary singular cardinal) was to test whether the above method for ob-
taining the failure of the singular cardinals hypothesis was in fact the only
such method. It turned out that there were other methods for obtaining
the failure of SCH, but they too gave weak square. One notable instance is
a model of Gitik and Magidor [6] in which a positive answer to Woodin’s
question for a large singular x was claimed. However in his PhD thesis
[16], Sharon was able to show that Gitik and Magidor’s forcing adds a weak
square sequence. This motivated the following theorem of Gitik and Sharon
[7]:

Theorem 0.5. [t is consistent relative to a supercompact cardinal that there
is a singular strong limit cardinal k of cofinality w where 2% = k*+ and [

fails.

In fact they show that a weaker principle, the approachability property,
fails at k. Cummings and Foreman [2] were able to improve this to show
that there is a PCF theoretic object called a bad scale in Gitik and Sharon’s
model which implies the failure of the approachability property. In the same
paper of Gitik and Sharon, the same result is obtained with x = N 2. It is
not difficult to show that the argument of Cummings and Foreman can be
carried out at N 2 as well.

So this gives nice positive answer to Woodin’s question for a general sin-
gular k and even X 2, but the original question for Y, remained open. The
authors’ paper [19] arose as a natural attempt to push the ideas of Gitik
and Sharon, and Cummings and Foreman down to N,. In that paper we
obtain a model for the failure of SCH at N, along with the surprising result
that the main forcing adds [ in a natural way. The argument that weak
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square holds in our model is an abstraction of Sharon’s proof that Gitik and
Magidor’s forcing adds weak square.

As mentioned above, in this paper we analyze scales in the extension by
the main forcing from our previous paper. In particular we focus on the
existence or non-existence of very good scales and derive the main theorem
as a corollary. The paper is divided into sections as follows: In Section 1 we
give some set theoretic background as well as the relevant definitions from
PCF theory. In Section 2 we give the definition of the main forcing and
the modified preparation forcing which we need for some of our analysis.
In Section 3 we prove the bounding lemmas which provide the key tool for
analysis of scales. In Sections 4 through 6 we analyze scales in different
products. The main theorem is derived from work in Section 5.

1. PRELIMINARIES

The main arguments of the paper use the technique of forcing. As a
standard reference for facts about forcing we recommend [8]. The most
basic posets which play a role are the Cohen poset to add subsets to a
regular cardinal cardinal and the Levy collapse [12].

Definition 1.1. Let k be a regular cardinal and T > k be an ordinal.

(1) Add(k,T) is the poset of less than k sized partial functions from kX T
to 2 ordered by reverse inclusion.

(2) Coll(k, ) is the collection of less than k sized partial functions from
Kk to T ordered by reverse inclusion.

(3) Coll(k, < 7) is the less than k support product of Coll(k, ) for k <
a<T.

We recall a standard selection of closure and chain condition properties.

Definition 1.2. Let k be a regular cardinal and P be a poset.

(1) P is k-cc if every antichain in P has size less than k.

(2) P is k-closed if every decreasing sequence of length less than k has a
lower bound.

(3) P is k-directed closed if every directed set of size less than k has a
lower bound.

(4) P is < k-distributive if the intersection of fewer than k dense open
sets is dense, equivalently if forcing with P does not add any se-
quences of length less than k.

(5) For an ordinal o, P is a-strategically closed if Player I has a winning
strategy in the following game of length «. In this game Player I
and Player II collaborate to create a decreasing sequence in P where
Player I plays at even ordinal stages and Player II plays at odd
stages, in particular Player I plays at limit stages. Player I wins if
she can always complete the construction of an a-sequence.

We will also make use of Easton’s Lemma [5], which appears as Lemma
15.19 of [8] and a theorem of Laver [11].
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Lemma 1.3. Suppose that P is 7-cc and R is T-closed. If G is P-generic,
then in V|G| R is < T-distributive.

Theorem 1.4. Let k be a supercompact cardinal. There is a forcing ex-
tension in which the supercompactness of K is preserved by any further k-
directed closed forcing.

The main type of forcing in the paper is Prikry forcing, in particular
supercompact Prikry forcing. We refer the reader to Magidor’s original
paper [13] for a full account and repeat some of the necessary definitions
here.

Definition 1.5. Let k < A be cardinals. We define P,;(\) to be the collection
of subsets of A of size less than k.

The main idea of supercompact Prikry forcing is to add a subset increasing
w sequence of elements of Py (A) whose union is A without collapsing . The
forcing will clearly add a surjection from x onto A. To define such a sequence
we need our subset increasing sequence to have a stronger property.

Definition 1.6. Let x,y € Py(\). We write x <y if x Cy and |x| < kNy.

Note that if A < N, then P.(\) C P.(\). So & < y makes sense even if
we have z € Pg(\) and y € P.()\). Supercompactness measures allow us
to control the increasing sequence which is added by initial segments. The
following lemma is standard.

Lemma 1.7. If U, is a supercompactness measure on P, (k™"), then there
is a set X, € U, such that for all T € X, kN T € K is an inaccessible
cardinal and for all i <n, ot.(x N KT = (kN )T

For notational convenience, we set k, = x N k. The main forcing in
this paper will be a diagonal supercompact Prikry forcing. In particular
we will have countably many measures U, on P.(x™") and we will add
a <-increasing sequence (x, | n < w) so that each z, € P.(x") and
Un<w Ln = K‘er'

This completes the necessary forcing background. We move on to some
background from PCF theory. PCF theory was developed by Shelah [17, 18].
We refer the interested reader to [1] for an account general PCF theory
and to [3] for some connections between PCF theory and combinatorics
at singular cardinals. In relation to the main theorem, we illustrate the
connection between PCF theory and the weak square principles from the
introduction. We give the relevant definitions in the special case of a singular
cardinal of cofinality w. Let v be such a singular cardinal and (v; | i < w)
be an increasing and cofinal sequence of regular cardinals less than v. For
f,9 € Ilc,, vi, we write f <* g if there is j < w such that for all i > j,
f(i) < g(i). A sequence (fq | a < T) is a scale of length 7 in [],_,, v; if it is
increasing and cofinal in [[,_ v under <*. Scales are the main objects of
study in PCF theory.
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Theorem 1.8 (Shelah). Every singular cardinal v has a scale of length v
in some product.

Scales with extra properties are connected to weak square principles.

Definition 1.9. Let (fo | a < 7) be a scale in some product [[,_ vi. An
ordinal v with cf(y) > w is a good point (resp. wvery good point) for f if
there are A C v unbounded (resp. club) and j < w such that for all i > j,

(fa(i) | @ € A) is strictly increasing.

Definition 1.10. A scale of length T in some product is good (resp. very
good) if modulo a club every point of uncountable cofinality is good (resp.
very good). Further a bad scale is one that is not good.

The following two theorems show the connection between goodness of
scales and weak square principles.

Theorem 1.11 (Shelah). If (0% holds then every scale of length v is good.

Theorem 1.12 (Cummings-Foreman-Magidor [3]). If O, x holds for some
\ < v, then every product which carries a scale of length v™ also carries a
very good scale of length v.

From Shelah’s theorem above, we see that in the extension by the main
forcing from our previous paper all scales of length R, are good. The
theorem of Cummings, Foreman and Magidor motivates our analysis of very
good scales. In particular we will show that some products can be forced
to have no very good scale. The main theorem is then a corollary of the
non-existence of very good scales and the above theorem.

2. THE MAIN FORCING

Let Vi be a model where k is indestructibly supercompact and GCH
holds above . For clarity below we set p = T+, We use the same
preparation as Lambie-Hanson [10]. Let A be the reverse Easton support
iteration of [, Add(a™",a™%2) for @ < &k inaccessible, let E be A-
generic and let V' = Vp[E]. It is well-known that iterations like A preserve
the supercompactness of k, but we will need to be more careful. In particular
we wish to have a measure in V' which extends a similar measure in Vy with
some special properties. For this we will need Lemma 3.1 of Lambie-Hanson
[10] which is a modification of an argument of Gitik and Sharon [7]. Note
that we avoid any interaction between the Laver preparation used to obtain
Vo and the iteration A.

Lemma 2.1. Let U be a supercompactness measure in Vo on Py(u) whose
projection to a measure on k concentrates on o where the Laver preparation
selects the trivial forcing. In 'V there is a supercompactness measure U on
(Py(p))v such that

() U2,
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(2) The ultrapower map j : Vh|E] — My[F] generated by U is a lift of
the ultrapower map generated over Vo by U for some j(A)-generic
object F' over My and

(3) for each n < w and each B < j(k*™) there is a function 95 KT —
KT such that j(gj)(sup j“™") = B.

Note that when n = 0 condition (3) of the lemma is Lemma 2.26 in Gitik
and Sharon’s paper [7]. The n = 0 case is also used in the authors’ first
paper as it ensures that certain factor maps have high critical points.

We work in V' to define a variant of the main forcing from our previous
paper. The idea is to define a diagonal supercompact Prikry forcing with
interleaved collapses. The main observation from our previous paper is that
the collapses between the Prikry points must be taken from Vj. To define the
forcing we will need supercompactness measures U, on P, (x1™) which are
projections of U and sets X,, € U, as in Lemma 1.7 with X, C (P, (x"n))y;.

Definition 2.2. Conditions in P are of the form p = (doy, d1, (pn | n < w)),
where setting | = lh(p), we have:
(1) For 0 <n <, pp = (Tn,cn) such that:
ez, € X,, and fori <n, x; < Tn,
o ¢y € Coll(kay, < Kzy)vp if 1 <1, and if | =1, ¢o € Coll(kg,, <
K)Vp-
eifl <1, for 0 <n<l-1, ¢ € Coll(kf"2 rf=)y x
Coll(kF“2, < Ky, vy, and cj—1 € Coll(/s;rllj‘ll, Rty x Coll(kf 912, <
K)Vp-
(2) Forn >1, p, = (A, Cp) such that:
e A, elU,, A, C X, and x;_1 <y for ally € A,,
o C, is a function with domain Ay, fory € Ay,
Cn(y) € Coll(r™2, ki), x Coll(kf“+2, < K)y, if n > 0,
and Cy,(y) € Coll(ky, < K)y, if n =0,
(3) if I > 0, then there is 6 < kg, (which we call 0P) such that (do,d1) €
Coll(w, 1)y, x Coll(6THT, < Ky vy, otherwise dy € Coll(w, k), and
dy = 0.
g = (dg, di, (an | n <w)) <p=(dg, d], {pn | n <w)) if Ih(q) = lh(p) and:
e if Ih(p) > 0, then 6? = 67 and (di,d}) < (d5,d),
e if Ih(p) =0, then df < dj,
e for all n < lh(p), xh =z}, ch < ch,
o forlh(p) <n <1h(q), =} € A}, and ¢}, < Ch(x}),
o forn > 1h(q), AL C A} and for all y € A}, Ci(y) < Ch(y)

q <*p, i.e. q is a direct extension of p, if ¢ < p and lh(q) = lh(p).

Definition 2.3. For p € P, we let s(p) = (df),d}, (p, | n < 1h(p))), which
we call the stem of p.

The key difference between this version of the forcing and the version
from our previous paper is the selection of wi. The poset P above selects a
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cardinal ¢ and forces 67" = w; in the extension. In the argument below we
make a careful selection of § in order to ensure that there are no very good
scales in some product in the extension.

We must work a little to see that P has the same properties as in our pre-
vious paper. We note that the selection mechanism for w; cannot interfere
with the proofs of properties of the poset, since we can always extend to a
condition of length at least one at which point the poset is nearly identical
to the poset P of [19]. The Prikry Lemma, the preservation of y and u™, the
fact that k = N, in the extension and the characterization of genericity are
abstract enough that they only rely on the distributivity of the collapses.
So it is enough to show the following lemma, which shows that different
preparation did not effect the distributivity of the collapses.

Lemma 2.4. There is a Uy-measure one set of o such that for all n < w
and all \, the poset Coll(a™ 2 at@) . x Coll(a™™+2 Ny, is < a2
distributive in V.

Proof. Work in V. Let A® be A [ a+1-term forcing for a tail of the iteration.
Let B be the A | a-term forcing for [], 5, ,» Add(a®™, atet?) Tt follows
that both A* and B are ™" "2-closed. Moreover A | a*[],, ., o Add(at™, ot +2)
is at" 2 cc.

The product A% x B x A [ a* ], .49 Add(a™™, at¥*t2) generates a
generic object for A. Hence by Lemma 1.3 any < at"t2-sequence from an
extension by

A x Coll(a™F2 o) x Coll(a™T2, \)
is in the inner model determined by A [ a*]],, ., o Add(a™ ot *2). O

Remark 2.5. A similar argument establishes the conclusion of the previous
lemma with x in place of a.

We also recall that there are posets C,, = (Coll(k7"2, st x Coll(k 192, <
J(K)v, and D = [[C,,/ fin. From our previous paper, Proposition 3.13 and
Lemma 3.14 show that P projects to D in a natural way and the quotient
forcing P/D is p-cc. Clearly D is a poset in Vj and by work in Section 4 of
our previous paper it adds a [J¥, -sequence.

As a final piece of preparation, we restate Lemma 3.8 from our previous
paper because it will be used often below.

Lemma 2.6. Let D be a dense open subset of P and p € P. There is po <*p
such that s(p) = s(po) and for all ¢ < py, if ¢ € D, then s(q) " po | [lh(q),w) €
D.

3. BOUNDING LEMMAS

In this section we prove bounding lemmas for all relevant products in the
final generic extension. The bounding lemmas will be used to analyze scales
in these different products.
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Let (z,, | n < w) be the Prikry sequence added by P, each z,, € P, (k1™),
and let A\, := kg,. Following Lambie-Hanson we prove a bounding lemma

which will help us analyze scales in [Ti<n A/
n<w

Lemma 3.1. Let p € P and let h be a P-name for an element of the product

H Tp+1 N KT

nw

<n
then there are ¢ <* p and (Hp; | n < w,i < n) with Hy; : Pe(k™) — x1
such that q forces for all large n and all i < n, h(n,i) < Hy, ;i(Zy,).

Proof. Using the Prikry Lemma and an easy diagonal construction, we may
assume that for all ¢ < p of length n+ 2, if ¢ || “h(n,i) =4", then s(q)"p |
[n 4 2,w) || “A(n,i) = 57. Let s be a lower part of length n + 1 and
r € Py(kT 1) so that s™x is a lower part. Note that any condition with
lower part extending s« forces that h(n, i) € x N kT for all i < n.

Let i < nand v € z Nkt Let E,,; be the set of all ¢ € C, :=
Coll(k 2, ko) x Coll(k“T2 < k)yy, such that there is s/ < s such
that s’ (z,¢)"p | [0+ 2,w) || h(n,i) = 5. We claim that E,.; is dense
open in C, below CH(z). This follows from an application of the Prikry
Lemma to a condition of the form s™(z,¢)"p [ [n + 2,w) and the choice of
p. C; is < kf"T2-distributive and hence

Ex = m Es,’y,i
SGSZE
YET
i<n
is dense. We find a direct extension p’ of p such that for all z, Cg;l(x) ek,
where n is such that x € P, (k™).
Now we claim that for each stem s of length n + 1 compatible with p’,

each i < nandeachz € AY |, thereis s’ < s such that &' (z, Cﬁ:rl(x)y\p |

[n 4 2,w) decides h(n,i). Let r < s7p' [ [n+ 1,w) of length at least n + 2
decide h(n, i) with value . Now by construction CP 1(h41) € Es(ryinti -

Any s" witnessing this fact is as required, since s (], ,;, C’s;l(a:; L))l
[n 4 2,w) decides h(n,i) =4 and is compatible with r.

Let ¢ be the Prikry part of a stem s of length n+1. Let Cj be the product
of Levy Collapses from which the collapse conditions in s are taken. By the
previous paragraph for each ¢ of length n + 1, each ¢ < n and each x above

1/, there is a maximal antichain F yl » € Cy | kg such that for all ¢ € F, 5 . the

condition § + ¢~ (x, C’glﬂ(x))”p | [n + 2,w) decides the value of h(n, ).

A few notes are in order. ¥ + ¢ is the natural stem obtained by inter-
leaving the elements of ¢ and ¢. The antichain is only maximal below the
weakest condition in Cy which is compatible with information from p" (both
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constraint information and collapses in s(p’)). The antichain Fé.x has size
less than Kz, since it is contained in a k,-cc poset.

Let O‘?Z;Tar be the least element of x greater than all values v witnessing
that some ¢ € F 5. - Clearly this supremum is less than sup(xz N k1), since it
has size less than ;. Now for a fixed ¢ and ¥ as above the map x — 0/177 . 18
regressive and hence constant on a measure one set AZg with value O‘;;- Let

Ay
obtained from diagonally intersecting the Ay for 4 a Prikry stem. Let ¢ be
the restriction of p’ to (A} | n < w) and define H, ;(y) to be the supremum
of O‘?j such that ¢ ends with y.

We claim that ¢ and H,,; are as required. Let r < ¢ of length at least
n + 2 decide the value of h(n,i) to be . Let i be the Prikry part of s(r)
of length n + 1 and let x = z7, ;. It follows that the collapse part of the

stem of r restricted to n + 1 is compatible with some ¢ € Fé .- Moreover

= Ni<n A% and let (A% | n < w) be the sequence of measure one sets

is v, since r is compatible with

the value of h(n,i) that witnesses & € EZ’M

g+ (z, C’ﬁ;l(fn»ﬁp ['[n+2,w). Sovy < ozgm and a%’x = oz% since x € Ay.

Now by the definition of Hy, ;, v < Hyi(y) where y is the top point of §. [

We now work towards bounding lemmas for the products [JAf™ and
[TA™HE. We start with some notation. Recall that we denoted C, :=
Coll(k "2, kot x Coll(kF 2, < K)y,.

Proposition 3.3 from our previous paper shows that (Coll(s 1712, g« +1) x
Coll(kTwt2 < J(E)uive,0) = [& + Cqlu,. By closure of the ultrapower,
we also have that (Coll(x*"+2 kT +1) x Coll(k 912, < 3(8)))ute(v, o) is the
same as C,. So, C,, ~ [z — C,]y,. So each C,, can be viewed as a poset
in Vo. Recall that D = [[, C,/finite. We set D* = [], C,, and for each
n, Dp = [, Ck. Then working in Vj, D* projects to D, which in turn
projects to D, each D, is k™" 2-closed, and D*/D,, is kT F-closed. So in
particular it can be shown that I is < k™ distributive over V.

Let H be D-generic over V.

Lemma 3.2. Suppose that 1 IFp,y f ell, )\:”‘H. Then there is a sequence
of functions (Hy | n < w) in V[H], such that dom(H,) = Px(x™"), Hp(x) <
kY for all x, and 1 IFp g for all large n, f(n) < Hy(dn).

Proof. By Lemma 2.6, we can find a condition p with length 1, such that
for all n, if there is g, such that ¢ || f(n) and ¢ | [Ih(¢),w) < p | [Ih(q),w),
then s(q)"p | [lh(q),w) || f(n). Also, note that if ¢ has length at least n+1,
then ¢ Ik f(n) < k"1, where z = z.

Fix 0 < n < w and o € Py(k™). For ¢ € C,, define H,(x,c) = sup{y <
£ (39)1h(g) = n+1,qn = (z,¢),q [ [n+1,w) < p | [n+ 1,w) and
q Ik f(n) = v}. Let S, be the set of all stems s of length n, such that
s {(x,1c,) is a stem. Since |S;| < k", and by the way we prepared p, we
get that H,(z,c) < k"t
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Claim 3.3. Fors € S, and v < k"1, the set Dy := {{c,b) € Cyu XDy 1 |
(Fg)(h(q) =n+1,q [ n <s,q, = (x,0),[Cl =b,q || “f(n) =~")} is dense.

By distributivity of C, X Dy41, Dy := ﬂses y<rnL Dy . is also dense.

Claim 3.4. For s € S;, the set Es := {c € C; | 38’ < 5,8 (z,¢)7p |
[n+1,w) Ik “f(n) < Hy(z,¢)”} is open dense.

Proof. Clearly E4 is open. We prove its density. Let s € S;,c € C,. Let
(¢,b) € D, be below (¢, [CPIPH19))) Let ¢ < s7(z,¢)"b be such that
q IF f(n) = ~ for some v < w1, Since (¢/,b) € Dy, there is some
r|| f(n) =~, such that 7 | n+1 = ¢ (z,¢), [("] = b and s’ < ¢ | n. But
then ¢ and r are compatible, so r IF f(n) = . By the way we prepared p,
it follows that s(r)~p | [n + 1,w) IF f(n) =~. Thens(r)"p | [n+1,w) IF
“f(n) < Hy(z,c)”, and so ¢ € Ey, witnessed by s'.

O

Using distributivity of C,, we get that E}} := [ . s, L’s 1s open dense.

Set E,, := [z — EZ]y,. Then there is (b, | n < w), such that (b, | n <
w)/finite € H and each b,, € E,,. Denote b, = [x — by(2)]v,, and we may
assume that for every x, b, (z) € E?. In V[H], define H,,(x) := Hy,(z, b, (x)).

We claim that 1 IFp,g “InVn > 7, f(n) < Hy(#,)”. Let G be P/H-
generic. For each n, let C,, be the C,, -generic, induced by G. By genericity
of the Prikry sequence, for some 7, for all n > n:

(1) cn = bn(zn) € EF NCy,
(2) x, € AL, and
(3) CH(zn) € Cp.

Now let n > n and ¢ € G be such that lh(qg )>n+1andq|l—f( ) =
for some v. By items (2) and (3) above, we have that ¢ | [n + 1,w) an
p | [n + 1,w) are compatible. (We can even arrange that ¢ | [n + 1,w)
p | [n+ 1,w).) Then by the way we prepared p, we have that s(q ) p |
[h(g),w) Ik f(n) = 7. Also, we may assume that ¢, < c¢,. Let s =q | n
Since ¢, € £, there is some s’ < s, such that

q =8 {zp,cy) pln+ 1wk “f(n) < Hp(Zn, cn)”.

But ¢’ and s(¢)"p | [lh(q),w) are compatible, so v < Hy(2p, cn) = Hp(xy).
(]

~y
nd
<

Remark 3.5. Note that in the final argument we could have assumed that
items (2), (3) hold only for all n > n.

Remark 3.6. Let p, (b, | n < w), (Hy, | n < w) be as in the proof above. If g,
n are such that:

e for all n > n,
— if n < lh(q), ¢} < Ch(z}), and
— if n > lh(q), AL C A and for all z € A}, Cl(z) < Ch(z),
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e for all n > n,
— if n < lh(q), ¢} < by(x}), and
— if n > lh(q), for all z € A, Ci(z) < b,(z),

then ¢ Ibp g “(Yn > 7)f(n) < Hy(dn)".
Remark 3.7. Arguing as above, we get the same bounding lemma for func-
tions in [, Af™. Slightly more complicated, but essentially the same argu-
ments as above, work for functions in [, A3, The difference here is that
we define H,(z,c) for ¢ € Coll(kf“*2 < k)y, and consider the dense sets
Eg~q and Dg~gq., for all s € S, and d € Coll(k™ 2, k<)

The remaining product is of the form [ A2, As in [7] fix functions
(Fg | B < p) in V, such that each Fg: x — x and for all n, jy(Fp)(k) = 5.
Here U is the top measure on Py ().

Let H* be D*/H-generic. And for each n, let K, be the generic on C,,,
induced from H*.

Lemma 3.8. Suppose that in V|G, f € [1, M2 Then working in V[H*],
we can define (v, | n < w), such that each v, < («™T2)V and for all large
n, f(n) < F,,(An)-

Proof. Suppose that 1 I f € [[, \/"2. Arguing as in the proof of the
Prikry lemma, we can find a condition p with length 1, such that for all
r € Pu(kT™), for all v < k"2, for all stems h of length n + 1 ending in
, there is a stem h/ < h, such that /' "p | [n + 1,w) || f(n) = 4. To
do that, we use that Dy, := {b € Dyq1 | (J¢)(Ih(g) =n+1,¢ [ n+1 <
h,[C9 =b,q || “f(n) =~")} is dense. Then D" := (M D,y is also dense,
since the number of possible stems h of length n + 1 is k™", and D,,41 is
< k3 distributive over V.

Fix 0 <n < w and x € Py(k™"). For ¢ € C,, define H,(z,c) = sup{y <
ke | Ba)h(g) = n+ Lgn = (z,¢),q [ [n+ Lw) < p | [n+1,0) and
q Ik f(n) = ~}. Let S, be the set of all stems s of length n, such that
s {(x,1c,) is a stem. Since |S;| < k", and by the way we prepared p, we
get that H,(z,c) < k"t

Set v, = supyeg, [# — Hy(z,b(x))]. Here for b € K,,, we denote b = [z
b(x)]y, . Note that by countable closure of D*, (v, | n < w) is in V.

Claim 3.9. v, < (kT F2)V

Proof. Let S* := {[z +— sz|u, | (Vz)(sz € Sz)}. Since for all z, |S;| < k1™,
we have that |[S*| < k™. We claim that 7, can be written as a supremum
over S*.

For each s, € S, define H,(x, s;,c) as follows. If there is some ¢, such
that ¢ [ n+1 =5, (z,¢),q [ [n+1L,w) <p | [n+1,w) and ¢l f(n) =7,
let Hy(x,Sz,¢) = . Otherwise, H,(x, sz, ¢) = 0. Note that H,(z,c) =
sups, es, Hn(z, 54,c).

Now, if b,d € K,, then for almost all z, b(z) and d(z) are compati-
ble, and K, preserves cardinals up to x*"*2. So for s € S*, either [z
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H,(z,s(x),b(x))] = [x — Hyp(z,s(x),d(x))] , or one of them is 0. For such
s € 8% let v, = supyeg, [t — Hyp(x,s(x),b(x))]. By the above it follows
that this is below x+7 12,

Finally, v, = sup,cg« 7 - U

Let d € H* be such that for all n, d(n) ¢, yn = SUpyc i, (2 = Hy(2,b(2))]u, -
Here K, is the canonical name for the generic filter; and denote K, = [z —
C.]u,. Let ¢ < p, be such that for all large n, [C#]y, <c, d(n). We claim
that g forces that (v, | n < w) is as desired.

Suppose G is P/H-generic with ¢ € G. Then for all large n, {z |
Ci(z) ke, Fy,(ke) = sup,co Hu(z,c)} € Unp. In VIG], let C, be the
generic on C,, . By genericity and since ¢ € G, for all large n, F., (\,) =
supeec, Hn(Tn,c).

To finish the proof it is enough to prove the following claim.

Claim 3.10. For all large n, f(n) < sup.cc, Hn(2n,c).

Proof. Let r € G be with length at least n + 1, such that r IF f(n) =. We
claim that D :={c € C,, | (3q)h(q) =n+ 1,¢n = (Tn,0),q | [n+ 1,w) <
pl[n+1,w)and q Ik f(n) =~} is dense below ¢/. For any ¢ < ¢, let
h =71 | n"(xn,c). By the way we prepared p, there is A’ < h, such that
= hW"p | [n+1,w) | f(n) =~. But since r and 7’ are compatible, we
have that ' IF f(n) = . So, ¢ € D.

Now let ¢ € DNC,. Then f(n) =~ < Hy(xp,c). O

O

This completes our analysis of bounding lemmas. In the following sections
we analyze scales from different products in the extension using the bounding
lemmas above.

+i
4. A VERY GOOD SCALE IN [[;o,, ., Aty

In this section we prove the following theorem.
Theorem 4.1. In V[G] there is a very good scale of length ™ in the product
[Ti<n M1

n<w

Recall that j : V — M is a py-supercompactness embedding and that we
have for each n < w and each 8 < j(k*") a function gj : k™" — K*" such
that 5 (gg)(sup j“k*™) = B. Following Lambie-Hanson [10], we fix sequences
(ag | ¢ < p) increasing and cofinal in j(x™"). We define a scale as follows.
For ( < p™, n < wand i < n, we set fe(n,i) = ggi (sup(z, N k1Y), We

¢

will see that this scale generates a scale in the desired product. Many of
the arguments are straightforward so we only sketch the proof and refer the

reader to [10] for the details. The first claim identifies a product which is
relevant for the f.
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Claim 4.2. For all ¢ < p*, for all large n and for all i < n, fe(n,i) <
sup(zp11 N &Y.

Proof. Let ¢ < u™, n < w and i < n. It is not hard to see that the set

{z € Pu(xtth) | for all y € Pu(s) with y < z, g’ (sup(y N &) <
, ¢

sup(z N x1*)} is in U,41. The conclusion follows since for all large n, @41

comes from this set. O

So we can view (f¢ | ¢ < uT) as sequence from [];<n sup(zp41 N KT).
n<w

Claim 4.3. For all { < (' < p*, fc <* fer, ie for all large n and all i < n,
fg(n,i) < fC’ (n,z)

The proof goes by obtaining a sequence of measure one sets B!, € U,, such
that for all x € B! putting x on the Prikry sequence ensures that fe(n,i) <
fer(n,4). Such measure one sets exist using that for all n and all i < n,
aé < aé,, the choice of the gfg and the fact that j“<*" N j(kT?) = j4xT0.

Claim 4.4. (f¢ | ¢ < u') is cofinal in [i<n sup(zn41 N K.

n<w
Proof. Let h € [[i<n sup(zn+1NkT?) in V[G]. We use Lemma 3.1 to obtain a
n<w
sequence H,, ; in V such that for all large n and all i < n, h(n,1) < Hy,i(zy).
Let o = sup,>;[Hnilu, < j(s"). Find ¢ < pt such that for all i < w,
aé > . It is clear that for all large n and all i < n, h(n,i) < Hyi(zy,) <
fe(n,4) using the fact that [H,,;]v, < of = j(g";)(sup(G s Nj(x*))). O
¢

So (fe | ¢ < p™) is a scale.
Claim 4.5. (f¢ | ( < u™) is very good.

Again the proof is straightforward. Let v < pu be such that w < cf(y) <
k in V[G]. So we can find a club C' C v in V with |C| < k. For all ¢ <
from C we intersect (pointwise) the sequences of measure one sets which
witness that f. <* fo. This is possible using x-completeness of each U,,.
The very goodness of v follows from the fact that for all large n, x, must
come from this intersection.

We conclude the proof by noting that standard arguments show that
(fe | ¢ < pT) can be collapsed to a scale in [[i<n cf(sup(zp41 N KTY)) =

n<w

[Ti<n Aiyq with the same (modulo a club) very good points.
n<w

5. NO VERY GOOD SCALES IN [[, A1 AND [T, A"
In this section we prove the following theorem:

Theorem 5.1. There is a condition p in P which forces that there is no
very good scale in T], A\
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A similar theorem holds for the product [], A\;™. We also note that this
theorem is also true in the context of the original preparation forcing. For
the proof we modify an argument from [3] which shows that the existence
of a very good scale is incompatible with simultaneous stationary reflection.
We start with an analog of simultaneous reflection.

Proposition 5.2. Suppose that (S, | n < w) is a sequence of stationary
sets in p N cof(< k) in V[H*]. Then there is an inaccessible 6 < k, such
that the set

{a € pncof(6*T) | (Vn)(V[H*] & S, Na is stationary )}
is stationary in V[H*].

Proof. k remains supercompact in Vph[H*] since k was indestructibly su-
percompact in Vj. We may assume that E is generic over Vy[H*] for
an Easton support iteration of a-directed closed forcing for o < k inac-
cessible. It follows that we can force over Vo[H*|[E] to lift an elemen-
tary embedding j : Vo[H*] — N witnessing uT-supercompactness of & to
j : VW[H*][E] — N*. Moreover the forcing to add the elementary embedding
does not add any p-sequences and hence preserves the stationarity of subsets
of . Note that V[H*| = Vo[E|[H*] = Vo[H*][E].

Let S, for n < w be a sequence of stationary subsets of p N cof(< k)
in V[H*]. Note that p is collapsed in this model. Nevertheless if p =
sup j “u, then N* E j(S,) N p is stationary for all n. The result follows by
elementarity. O

Proposition 5.3. Suppose that X is a set of ordinals in V[G] such that
0.t.(X) =Ny, then there is Y C X in V which is unbounded in X.

Proof. Let X, = {a | plF a € X}. Let ¢ € G be a condition of length at
least 1. Then ¢ fixes the parameter § and forces 7 = Ry. There are n < w
and d € Coll(w, dT)y, such that

X' = U X,
{plh(p)=n,df=d}

is unbounded in X. There is a name h such that ¢ IF i : 6tT — X’ is an
increasing enumeration of X’. By extending ¢ if necessary we may assume
that for all « < 67T, ¢ satisfies the conclusion of the first part of the Prikry
lemma, i.e. Lemma 2.6, applied with the dense set of conditions which
decide the value of h(a). We choose a condition p of length n extending g.
Now p decides the values of i up to an extension of the collapse conditions
in the stem. Moreover we can leave the condition d fixed.
For all a < 67", we have that the set of (dy,cg,...cp_1) in

Coll(67%, < kyp)vy X cou(m;%t n;gwﬂ)vo X Coll(ﬁ:§+2, < Rgr)vo X -

x Coll(k 42, ki )y x Coll(k 572, < kv,
n—1 n—1 n—1
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such that

<d7 dy, xga Coy - - - wﬁ_l, C’n—1>/—\q [ [n7 W)
decides the value of h(a) is dense open below (d%,ch...c2 ;). The dis-

n
tributivity of this poset is greater than §**. It follows that we can find an

extension of p, which is in G and completely decides the values of h. O

In V, fix functions (F) | 8 < k™, n < w), such that each Fjy : P (k™) —
r and [F) |y, = 8.
We are now ready to prove Theorem 5.1.

Proof. Recall that u = xTT! and suppose for contradiction that (f, | a <
) is a very good scale in ], Af™ L. Suppose further that this is forced by
the empty condition. For all a < p let (HS | n < w) be as in the conclusion
of Lemma 3.2 applied to fo. Also, let (po | & < ) in P/H and (by | @ < pu)
in H be the conditions as in the proof of Lemma 3.2, that are used to define
the H2’s. We may arrange that for each a, n < w, by (n) <c, [CH*]u,,.

For each n, let H,, be D,-generic obtained from H*. In particular, we
have V[H| C V[H,] C V[H*]. Work in V[H*]. For each «, let n, < w be
such that for all n > ny, (ba(n) | n > ne) € Hy,. By Fodor, there is some
n, such that for stationary many (in V[H*]) a < p with countable cofinality,
n=ng. Le. S:={a € pncof(w) | (bo(n) | n>n) € Hz} is stationary. For
all n > n, in V[H,] define

By = {a € pncofw) | (ba(k) | k > n) € Hy).

Fach B, is also stationary, S C B,, and B, C Bp41.
For each n > 7, define ¢,, : u — v+ by

on(a) = [Hylu,.
For each n < w, apply Fodor to ¢,, in V[H,], to find a stationary set S,, C B,
and 3, < k™1 such that ¢,,” S, = {B,}. Note that in V[H,], i1 is collapsed
to k"2, but cardinals and cofinalities up to k"2 are preserved, so Fodor
applies. Since points in S, have countable cofinality and D*/ H,, is countably
closed in V[H,], we have that S, is also stationary in V[H*].

Since (f, | o < ) is forced to be a scale, and P/H has the j-c.c, for some
n <, Llkp g n— FT?"(:L‘n) <* fn-

Fix ¢ as in the conclusion of Proposition 5.2, and denote X := {a €
pncof(6tT)\ n | (Yn)(V[H*] E S, N« is stationary )} € V[H*]. X is
stationary in V[H*]. Since P/H has the u-c.c., the set of very good points
is club in V[H], and so it is club in V[H*]. Let o € X be a very good point.

Fix a club A C a with 0.t.(4) = cf(a) and A C o'\ .

Claim 5.4. There is p € P/H with length 1 forcing that 67 = Ny, such
that for all i < n < w, for all B € B, N A, for all z € A}, Ch(z) <

8 (x),bs(n) ().
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Proof. For n > n, let K,, be the generic for C,, induced by H* and let d,, €
K, be a lower bound of {bg(n) | B € B, N A}. Denote d,, = [z — dp(x)]y,.
Now by shrinking measure one sets, find A,, € U, such that:

° An C ﬂﬁeA Aﬁﬁ,

o forall € AN B, for all z € Ay, dy(z) < CL (2),bs(n) ().

Then define p by setting AL = A,, and CH(z) = d,(z). Since (d, | 7

n < w) € Hy, we have that p € P/H. Also define d”, so that p I- (s+H)V
Ny,

O 1 IA

Let p be as in the above claim. By shrinking each A%, we may assume
that for all n, AL C {z € P(k™) | (VB € A)Fr[lHE}(x) = Hf(2)}. Then for
alln >n,if € ANS, and z € A%, we have Fff”(x) = Hff(x) Let G be
[P/ H-generic, such that p € G.

Let B C « witness very goodness, B € V[G] with o.t.(B) = cf(a) = Nj.
Then by Proposition 5.3, there is an unbounded B’ C B in V. By shrinking
A if necessary, assume A C lim(B’). In particular, A witnesses that « is
very good.

Let 3 € A and n be such that Fi" (z,) < fz(n) and (fg(n) | B € A) are
strictly increasing. Let 3 € AN S,, B < . Since S,, C B,, by Remark 3.6
we have that p Ibp, g fﬁ(n) < Hﬁ(xn) So, in V[G], we have

an(wn) < fB(n) < fs(n) < Hg(xn) = an(xn)
Contradiction. O

Corollary 5.5. A condition p as in Theorem 5.1 also forces U, » fails in
VIG] for all X < k.

This is immediate from a theorem of Cummings, Foreman and Magidor
(3], which shows that [J,; y implies the existence of very good scales.

6. A VERY GOOD SCALE IN [] A\fnt2

Recall that (Fg | 8 < p) in V are such that each Fg : K — k and
Ju(Fg)(k) = B. Here U is the top measure on Py(p). In VIG], let C), C
ATV be a club of order type Af"+2 added by the generic object for
Cs,. Define X' := {v < p | (3k)(Vn > k)F,(\,) € lim(C,,)}. For each n,
let C** be the canonical C,-name for the club of order type x*"+2 in xHet1,
Define X := {y < | 3[d] € H( for all large n,d(n) I y € im(C*))}.

Lemma 6.1. X' is equal to the set X.

Proof. Suppose v € X. Then there is a sequence d such that [cz] e H
and for all large n, d(n) forces 7 is a limit point of C*. It follows that
for all large n there is a measure one set of z, such that d(n)(x) forces
F, (k) € lim(Cy), where C, is the canonical C,-name for a club of order
type k"2 in k}“*l. By the Prikry genericity of (z, | n < w), it follows
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that for all large n, d(n)(x,) forces F,(\,) € lim(C,, ). But since [d] € H,
there is some p € G, such that for all large n, d(n)(z,) = Ch(x,). Then for
al large n, F,()\,) € lim(Cy,), and so vy € X'.

Let v € X'. Let p € G witness this. We may assume that there is k < w
such that for all n > k and for all z € A}, Ch(x) forces that Fy(k;) is a

limit point of C,. It follows that [C?] € H and witnesses that v € X. O

In [19], it was shown that X is > w club. Define (f, | v € X) in [[, \f"2,

by
fy(n) = 0.t.(Cp, N Fy(A\y)).

We will show that this is a very good scale. If a < ( are both in X,
then for all large n, Fo(A\n) < Fg(\,), and so for all large n, fo(n) =
0.t.(CnNEFp(An)) < 0.t.(CnNEg(N,)) = fa(n). So, the sequence is increasing.
Next we show that (f, | v € X) is cofinal. In V[H?*], for every n, let C;; C 1
be club of order type (k"+2)" added by the generic for C,,. Using genericity
of G, we arrange that if C* = [z — Cy]y, is the canonical name, then for
all large n, Cp, = Cy.,

Suppose that h c H M2 Let (v, | n < w) € V[H*] be given by
Lemma 3.8 for h. Le. every 7, < (x7"*2)V and for all large n, h(n) <

F.,. (An). For every n, let v < p be the v,-th point of Cj.

Claim 6.2. For all large n, h(n) < 0.t.(Cp N Fyx (Ay)).

Proof. Let p € P/H be such that for all large n,
[CPlu, IFe, Am = 0.t.(CF N AE).

Then for all large n, for almost all z, Ch () IFc, Fy, (k) = 0.t.(CoNEFys (ky)).
So, for all large n, F, (A,) = 0.t.(C;, N Fyx(Ay,)), and the claim follows. [

Let v > sup,, 75, v € X. By intersecting measure one sets, we have
that for all k, {z | sup, Fyx(ks) < Fy(ke)} € Up. Then for all large n,
Fo (M) < Fy(An), so for all large n, h(n) < 0.t.(Cp, N Fyx (X)) < 0.2.(Cr N
F,(An)) = fy(n). So (f, | v € X) is a scale.

To show it is very good, let v € lim(X) with cfVI%(y) > w; we claim
that v is very good. There is some n, < w and a condition [J] € H, such
that for all n > n., d(n) forces v to be a limit point of C*. Without loss
of generality we take Z,, to be the value C: N~ decided by d(n). (We
follow the notation used in the last section of [19].) Let A C 7 be a club of
order type cfV (y) = cfVI¢(y) < k, such that A C Mnzn, Zyms A € V. By
intersecting measure one sets, we have that for all large n:

e forall g€ A, Fﬁ()\ ) € Cy,
o (Fg(An) | B € A) is increasing.

It follows that for all large n, (0.t.(C,, N F3(A\,)) | B € A) is increasing
ie. (fg(n)| B € A) is increasing. So, every point in lim(X) of uncountable
cofinality is very good.
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