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Mixing angles and decay constants ofh, h8, and hc
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We study the problem of pseudoscalar mixing in an SU~4!3SU~4!3UA(1) breaking framework. In this
connection, we derive the condition of a vanishingcc̄ component in theh,h8 wave functions. We also obtain
new constraints obeyed by the mixed decay constantsf h,h8

q (q5u,s), which determine the octet-singlet mix-
ing angles. In thehh8hc sector we find from a fit to the radiative decay rates of mesons that the presence of
a cc̄ admixture inh8 is small in disagreement with the point of view that the branching ratio ofB˜h8K is
enhanced byh8hc mixing. @S0556-2821~99!01417-4#

PACS number~s!: 12.38.Bx, 11.30.Rd, 13.25.Hw, 14.40.Aq
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I. INTRODUCTION

It is well known that chiral symmetry plays a pivotal ro
in low-energy particle physics@1#. The QCD Lagrangian
with massless quarks is invariant under SU(3)L3SU(3)R
and so incorporates chiral symmetry in a natural way. In
physical world, however, chiral symmetry has to be brok
in order to generate the observed SU~3! spectra of hadrons
and also low-lying mesons such asp, K, andh which satisfy
approximate PCAC~particle conservation of axial vecto
current! conditions. The existence of an additionalI 50
state, namely, theh8, raises an important question concer
ing the determination of thehh8 mixing angle. The last few
years have witnessed several such efforts being made in
direction with most of the calculations~based either on an
estimation of one-loop corrections to the pseudoscalar m
spectrum@2#, or inclusion of SU~3! breaking in the Gell-
Mann–Okubo mass formula@3#, or from simple phenomeno
logical considerations ofJ/c˜(h,h8)g decays@4,5#! sup-
porting an appreciably largehh8 mixing angle.

Recently, following the CLEO observation@6# of an
anomalously large branching ratio for the inclusive prod
tion of h8 in the B meson decayB˜h8K, the composition
of h8 ~and as a result the general problem of pseudosc
mixing! has come under intense scrutiny. In this regard
number of models have been advanced@7–12# which look
into the possibility of light-heavy quarkonium mixing in ad
dition to the usualhh8. In particular the mixing ofh andh8
with the 1S0 hyperfine partner of theJ/c, namely, thehc
state, has been proposed.

In this paper we are concerned with the phenomenol
of hh8hc mixing @11,12# rather than attempt to solve th
B˜h8K puzzle. Working within a broken SU~4!
3SU~4!3UA(1) scheme we fit the mixing angles from th
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complete list of experimental data now available for the
diative decay rates of 122 and 021 mesons including not
only theJ/c transitions which are a potential source for t
charmonium production but also the recently observ
f˜h8g mode @13#. Indeed we shall demonstrate that the
decay widths point to evidence of a largehh8 mixing angle
~of about ;222°! when confronted with otherV˜Pg or
P˜Vg rates.

However our model is consistent with an insignificantcc̄
leakage in theh8 wave function in conformity with curren
expectations@11,12,14,15#. Exploiting the anomaly relation
for the charm quark Yuan and Chao have recently noted@16#
that the total mixed amplitude of thecc̄ component inh8 is
rather mild and have conjectured that a relation,

2mc^0uc̄ig5cuhh8&;2
as

4p
^0uGmnG̃mnuhh8&, ~1!

~where the notations are self-explanatory! should hold well
to a reasonable degree of approximation.

This paper is organized as follows: In Sec. II we sho
that relation~1! can be derived in an SU~4!3SU~4!3UA(1)
scheme and argue that if Eq.~1! holds exactly then thecc̄
content inh andh8 ought to be vanishing. In this section w
also write down new constraints satisfied by the mixed de
constantsf h,h8

q (q5u,s) and inquire about a two-paramete
mixing scheme ofh andh8 characterized by a set of octe
singlet mixing parameters. In Sec. III we considerhh8hc
mixing, the light-heavy pseudoscalar mixing angles be
estimated usingV˜Pg and P˜Vg decay rates as input
We observe that a certain amount of U~4! breaking is re-
quired to get a good fit. Finally in Sec. IV we present
summary of our work.

II. U „4…3U„4… FORMALISM

A. The condition of vanishing charmonium in h and h8

To start with let us assume that chiral SU~4!3SU~4!
3UA(1) symmetry is solely broken due to the presence
quark mass terms in the QCD Lagrangian. Following Ge

il-
©1999 The American Physical Society02-1
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Mann, Oakes, and Renner@17# we can write the symmetry
breaking piece of the Lagrangian as@18#

2LSB5Sciui , i 50,8,15, ~2!

where theci ’s are related to the quark masses by

c85~mu1md22ms!/),

c155~mu1md23mc!/A6,

c05~mu1md1ms1mc!/&, ~3!

and the scalar densitiesui„[q̄(l i /2)q… along with the pseu-
doscalarsv i„[q̄ig5(l i /2)q… belong to the (4,4̄)1(4̄,4) rep-
resentation of U~4!3U~4! symmetry groupqT5(u,d,s,c).

A representative of the estimates of the quark mass ra
shows@19#

2ms

mu1md
525.762.6,

mc2mu

ms2mu
.962. ~4!

The above result on the ratio of the light quark masses
been obtained from the usual current algebra PCAC relat
using various physical inputs like measured masses and
pling constants. That for thec-quark ratio has been deduce
using flavor SU~4! assumption for thec and f wave func-
tions.

In the presence ofLSB the expressions for the divergenc
of the axial-vector currentsAm

i
„[q̄gmig5(l i /2)q… within the

full structure of QCD read

]mAm
~ i !5di jkcjvk1d ioa, ~5!

where the gluon anomalya is given in terms of the field
strengthsGmn

(1) :

a5ANf

as

4p
GG̃, GG̃5

1

&
Gmn

~1!G̃mn
~1! ,

G̃mn
~1![ 1

2 PmnlsGls
~1! , ~6!

Nf denoting the number of quark flavors andi 50, . . ., 15.
Conventionally, the decay constants for the physical sta

is defined bŷ 0uAm
i uP(k)&5 i f iPkm , implying

^0u]mAm
i uP&5 f iPmP

2 , ~7!

P representing the pseudoscalarsh, h8, andhc whose mix-
ings we shall take into account. The topological charge c
stants for these states are

^0uauP&5APmP
2 , P5h, h8, and hc . ~8!
07400
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Such gluon matrix elements also contribute to thehh8hc
mixing, albeit indirectly, when the divergence of the ax
singlet current is taken between the vacuum and isosc
states.

Yuan and Chau@16# have pointed out that for a typica
hadronic mass scaleL, both h and h8 decouple from the
heavy quarkonium systemQQ̄ for a sufficiently massiveQ
quark. In particular, for the charm quark, one expects
following bound to hold:

f ch~h8!<OS ms

mc
f p ,

L

mc
f pD! f p ~9!

for L;1 Gev.
In the context of Eq.~9! if one writes down the diver-

gence condition forQ̄gmg5Q from Eq. ~5!, namely,

]m~Q̄gmg5Q!52mQQ̄ig5Q1a ~10!

and take it between̂0u and uh~h8!& states, the condition~1!
seems to be justified. Based on Eq.~1! the authors of Ref.
@16# have concluded against the possibility of a large m
nitude color-singlet ‘‘intrinsic charm’’ ofh8.

We now proceed to establish that the condition~1! can be
derived exactly within an SU~4!3SU~4!3U~1! scheme pro-
vided thecc̄ components inh andh8 vanish. To this end let
us write down the divergence equations for the currenti
58,15,0:

]mAm
~8!5

1

2)
~mu1md!~ ūig5u1d̄ig5d!2

2

)
mss̄ig5s,

~11a!

]mAm
~15!5

1

2A6
~mu1md!~ ūig5u1d̄ig5d!

1
1

A6
mss̄ig5s2

3

A6
mcc̄ig5c, ~11b!

]mAm
~0!5

1

2&
~mu1md!~ ūig5u1d̄ig5d!

1
1

&
mss̄ig5s1

1

&
mcc̄ig5c1a, ~11c!

where we have setNf54. We are then led to the following
remarkable sum rule

]mAm
~0!5)]mAm

~15!12&mcc̄ig5c1a. ~12!

An interesting feature of Eq.~12! is that it contains no ref-
erence to the octet divergence]mAm

(8) .
We now easily see that if Eq.~12! is inserted between the

vacuum andh~h8! states then the relations

f 0hmh
25) f 15hmh

22&mc^0uc̄ig5cuh&1Ahmh
2, ~13a!
2-2
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f 0h8mh8
2

5) f 15h8mh8
2

12&mc^0uc̄ig5cuh8&1Ah8mh8
2

~13b!

follow. Invoking the condition~1! on Eqs.~13a! and ~13b!
implies that the following alignments of theh,h8 decay con-
stants,

f 0h5) f 15h , f 0h85) f 15h8 , ~14!

are valid signaling thath andh8 are free from anycc̄ con-
tamination. On the other hand if Eq.~14! holds ~in other
words, if the statesh andh8 are devoid of any charmonium
admixtures!, then Eq.~1! follows exactly from the relations
~13!.We now turn to the nonsinglet decay constants ofh and
h8. As we shall see if the definitions of mixed decay co
stantsf h

u,s and f h8
u,s are invoked as suggested by Refs.@10,20#

we get an interesting set of new consistency conditions.

B. New relations for the mixed decay constants ofh and h8

For i 58,15 it follows from Eqs.~11a!, ~11b!, and~7! that

1
2 ~mu1md!^0uūig5uuh,h8&

5mc^0uc̄ig5cuh,h8&1
1

2)
f 8h,h8mh,h8

2

1
A6

3
f 15h,h8mh,h8

2 , ~15!

ms^0us̄ig5suh,h8&

5mc^0uc̄ig5cuh,h8&

2
1

)
f 8h,h8mh,h8

2
1

A6

3
f 15h,h8mh,h8

2 , ~16!

where we assume SU~2! symmetry for the pseudoscalar de
sities. In Ref.@5# chiral Ward identities in relation to the
U~1! problem were comprehensively solved to determine
sizes of the various decay constants and gluonic coupling
h andh8.

Defining f 8 and f 1 to be decay constants of the eig
component of the octet and SU~3! singlet@not to be confused
with the SU~4! singlet#, respectively, andu the usualhh8
mixing angle according to

uh&5cosuu8&2sinuu1&, uh8&5sinuu8&1cosuu1&,
~17!

whereu8& and u1& in terms of the quark basis are

u8&5
1

A6
uuū1dd̄22ss̄&, u1&5

1

)
uuū1dd̄1ss̄&;

~18!

the results turned out to be@5#

u5222°64°, ~19!
07400
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f 85~1.160.22! f p , f 15~1.3560.27! f p .
~20!

In arriving at these estimates the effects of nonzero gluo
matrix elements forh andh8 were also considered. The erro
of uncertainties inf 8 and f 1 are of the same order as on
normally expects from SU~3! breaking effects.

The above value ofu agrees well with other estimate
from various phenomenological fits to the meson dec
@2–4#. Also f 8 is consistent with the findings of chiral pe
turbation theory and one-loop correction to the pseudosc
meson masses@2#. However the large errors in the estima
of f 1 reflect that a smaller central value is not ruled out
implied by the analysis of Gilman-Kauffman@4# and
Venugopal-Holstein@21#. The latter authors have performe
an analysis fromh,h8˜gg, and h,h8˜ppg decays to
obtain u5222°63.3°, f 85(1.3860.22)f p , and f 15(1.06
60.03)f p . Notice here thatf 8 is beset with a large erro
uncertainty.

Given this background let us consider explicitly the qua
contents of the decay constants involvingh andh8:

^0uq̄gmg5quh,h8~k!&5 i f h,h8
q km . ~21!

Here one has to keep in mind that both the soft part due
quark masses and the hard part due to the gluon anoma
the axial current divergences contribute to theh,h8 masses of
which the anomaly portion remains nonvanishing even in
chiral limit. It has been shown that if the anomaly effects a
judiciously considered, the matrix element of pseudosca
densitys̄ig5s undergoes modification in the manner@8,22#:

^0us̄ig5suh&5
f h

s 2 f h
u

2ms
mh

2, ^0us̄ig5suh8&5
f h8

s
2 f h8

u

2ms
mh8

2 .

~22!

Substituting Eq.~22! into Eq. ~15! gives on subtraction
the following equations:

2 f h
u2 f h

s 5) f 8h , 2 f h8
u

2 f h8
s

5) f 8h8 . ~23!

These are new relations for the mixed decay constants foh
andh8 and may be looked upon as the direct consequen
of the PCAC condition~5!. In the exact SU~3! symmetry
limit where ms5mu5md , f 8h5 f 0h85 f p and f 8h85 f 0h
50, it at once follows from the second equation above t
f h8

u
5 1

2 f h8
s as expected naively@11#. It should be mentioned

that this relation is consistent with the definitions~22! depict-
ing a correct chiral behavior in the presence of the anom

Ali and Greub @8# have recently employed a two
parameter mixing scenarioh85h8 sinu81h0 cosu0, h
5h8 cosu82h0 sinu0, where u8Þu0 , to conduct tests of
factorization in charmless nonleptonicB˜h8 and B˜h
transitions. Such a mixing scheme induces the following
pressions forf h,h8

u and f h,h8
s :
2-3
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f h8
u

5
f 8

A6
sinu81

f 1

)
cosu0 ,

f h8
s

522
f 8

A6
sinu81

f 1

)
cosu0 , ~24!

f h
u5

f 8

A6
cosu82

f 1

)
sinu0 , f h

s 522
f 8

A6
cosu82

f 1

)
sinu0 .

~25!

It is interesting to note that if the above representations
substituted in our relations~23!, we get

2& f 8 cosu82 f 1 sinu053 f 8h ,

2& f 8 sinu82 f 1 cosu053 f 8h8 . ~26!

Using the estimates~20! for f 8 and f 1 and the SU~3! values
for the octet decay constants as mentioned earlier,u0 andu8
turn out to be

u052~8.1°61.6°!, u852~25°65°!, ~27!

in impressive agreement with the determination of Fredm
et al. @10# from a phenomenological analysis, namely,u05
29.2° andu85221.2°. It must however be pointed out th
u0 is somewhat sensitive to SU~3! breaking effects typified
by f 8h8 . In the literature various estimates for this quant
have been made taking into account the effect@23,5# of U~1!
anomaly and the positivity constraint of the topological s
ceptibility. Taking say,f 8h8520.1f p , the results~26! and
~27! predictu0 to be;214° at the expense ofu8;231°.

III. LIGHT-HEAVY QUARKONIUM MIXING IN h, h8,
AND hc

A. The mixing scheme

The mixing scheme forhh8hc may be generated as fo
lows. We assume that bothh and h8 contain a certain
amount ofcc̄ leakage. This is brought about by a mixin
between the SU~3! octet and a superposition of the SU~3!
singletu1&5u1/)( i 51

3 q̄iqi& and the charm-anticharm boun
stateucc̄&, which we callu1&8. Thush, h8, andhc can be
modeled as

uh&5cosuu8&2sinuu1&, uh8&5sinuu8&1cosuu1&8,
~28!

whereu1&8 is given by

u1&85u1&cosuc1ucc̄&sinuc , ~29!

having the orthogonal partnerhc

uhc&52u1&sinuc1ucc̄&cosuc . ~30!

Since the superposed stateu1&8 consists of a very smal
‘‘charm’’ admixture characterized by the parameteruc , u
may be looked upon to a good approximation, as the us
07400
re

n
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hh8 mixing angle. This point of view is also implicit in the
recent works of Ali and Greub@8# and Cheng and Tsen
@11#. Since we are working within an U~4!3U~4! formalism
it is instructive to represent the SU~3! singlet u1& in terms of
the SU~4! basis states:

u1&5
)

2
u0&1

1

2
u15&, ~31!

where u0& stands for SU~4! singlet. In this way, from Eqs.
~28!, ~30!, and ~31!, the h, h8, andhc may be projected in
terms of the SU~4! basis vectorsu8&, u15&, and u0&.

In our analysis we shall exploit the above mixing stru
ture along with the mapping~31!. It needs to be pointed ou
that thecc̄ is not a basis vector in the SU~4! space but can
only be expressed as a linear combination1

2 (u0&2)u15&).
This means that if Eq.~31! is imposed upon the mixing
scheme Eqs.~28!–~30!, h, h8, and hc can be orthogena
states up to first order inuc only. It does turn out as we sha
presently see that Eqs.~27!–~29! are consistent with a sma
value ofuc .

B. Radiative decays and U„4… breakings

Radiative decay rates involving the conventional lo
lying pseudoscalarsp0, h, andh8 and the vectorsr0, v, f,
andJ/c provide important clues towards our understand
of the mechanism of isoscalar mixings. TheV˜Pg decay
width is given by@24#

G~V˜Pg!5
1

32p2mv
F1pW v13

mv
G (

spins
E m2dVv , ~32!

where the matrix elementm5gnpgPmnls]mPv
n]lPg

s , gvpg

is the coupling constant,Pv ,Pg are the polarization vectors
and pW v is the center of mass momentum. In terms of t
branching ratio Eq.~32! gives

B~V˜Pg!5uAu2xpv
3, ~33!

whereA, the amplitude, is of the formA5const3gvpg . The
branching ratio of the related processB(P˜Vg) is a factor
of 3 larger.

We assume thatJ/c, v, andf are ideally mixed being a
pure cc̄, a pure (uū1dd̄)/&, and a puress̄ state, respec-
tively. In terms of the SU~4! vectors these are

uv&5
1

)
u8&1

1

A6
u15&1

1

&
u0&,

uf&52
2

)
u8&1

1

A12
u15&1

1

2
u0&,

uJ/c&52
)

2
u15&1

1

2
u0&. ~34!

Now using vector dominance, we can write@25,26#
2-4
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A~f i˜gg!5(
v

e

f v
A~f i˜vg!, ~35!

where i 58, 15, 0 andf i corresponds to some 021 state.
Since the vector meson-photon couplings are related by
07400
e

f r
:

e

f v
:

e

f f
:

e

f c
51: 1

3 :2
&

3
:
2&

3
, ~36!

where f v’s are defined according toG(V˜e1e2)
5 1

3 a2mv( f v
2/4x)

21 it at once follows from Eq.~35! that @26#
A~f8˜rg!:A~f8˜vg!:A~f8˜fg!:A~f8˜cg!51: 1
3 :

2&

3
:0, ~37a!

A~f15˜rg!:A~f15˜vg!:A~f15˜fg!:A~f15˜cg!51: 1
3 :2 2

3 :22&, ~37b!

A~f0˜rg!:A~f0˜vg!:A~f0˜fg!:A~f0˜cg!51: 1
3 :2
&

3
:
2&

3
. ~37c!

In Eq. ~37!, we have used the standard SU~4! description for the electromagnetic current

Vm
~em!5Vm

~3!1
1

)
Vm

~8!2A2

3
Vm

~15!1
)

3
Vm

~0! . ~38!

Denoting the U~4! symmetry breaking parameters bya andb, namely,

a5
A~f8˜rg!

A~f0˜rg!
S 5A2

3D , b5
A~f15˜rg!

A~f0˜rg! S 5
1

)
D , ~39!

where the figure in the parenthesis corresponds to the U~4!-exact value, the amplitude ratios~37! induce

A~v˜p°g!53A~r°˜p°g!, A~h8˜rg!53A~h8˜vg!, ~40a!

A~v˜hg!

A~v˜p°g!
5

1

9

A~r°˜ng!

A~r°˜p°g!
, ~40b!

A~J/c˜h8g!

A~J/c˜hg!
52cotu, ~40c!

A~f˜h8g!

A~f1hg!
5

4a sinu2cosu~) cosuc1sinuc!2&b cosu~cosuc2) sinuc!

4a cosu1sinu~) cosuc1sinuc!1&b sinu~cosuc2) sinuc!
.

~40d!

While Eqs.~40a! and~40b! are the familiar vector dominance relations supported by experiment, the right-hand side~RHS! of
~40c!–~40d! are nontrivial constraints for the corresponding decay ratios. Notice that Eqs.~40a! and~40b! do not involve the
mixing angles explicitly. That the mixing factors cancel out cleanly when the two ratios are compared as in Eq.~40b! is a
consequence of the U~4! symmetry assumption for the vector states inspired by the almost ideal structure ofJ/c, v, andw
mesons. It is useful to note thath8˜r°g, which is one of the processes in which CLEO finds@27# a strong signal for the
B1

˜h8K1, remains uninfluenced by anyhh8 or h8hc mixing effects when taken against the decayh8˜vg for an ideal
vector nonet.

Tied with Eq. ~40! is another constraint coming from the branching ratio ofJ/c˜hcg. Experimentally B(J/c
˜hcg):B(J/c˜h8g) is predicted to be~1.360.4!:~0.4360.31!, whereas in the framework of Eqs.~37! and ~39!

A~J/c˜hcg!

A~J/c˜h8g!
5

2~) sinuc2cosuc!13b~sinuc1) cosuc!

cosu~) cosuc1sinuc!23b cosu~cosuc2) sinuc!
, ~40e!
2-5
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where the right-hand side if U~4! is exact (b51/)) reduces
to the form (tanuc cosu)21 in Ref. @8#. So we have three
equations@Eqs.~40c!–~40e!# to be solved to determinea, b,
u, anduc . With c˜~h,h8!g rates directly yieldingu, it does
turn out that the experimental branching ratios@13,3# B(f
˜h8g):B(f˜hg)59.524.0

15.231023 and B(c˜h8g):B(c
˜hg)5~0.4360.03!:~0.08660.008! favor b close to its
U~4! value of 1/) for small uc provided a is allowed to
vary. Indeed we find that a consistent fit emerges for

u'221.9°, a'0.96, b'0.57, uc'0.01, ~41!

wherea is away from the U~4!-exact value by a little over
15%. Interestingly, the mixing angleu obtained as above
proves to be very compatible with the decay rates ofh˜gg
and h8˜gg which predict@4,3,28# u52~23°63°!. It needs
mention that the experimental group of Ref.@13# had utilized
the ratio of the branching fraction ofh˜gg andp°˜gg to
arrive at the estimate ofB(f˜h8g)/B(f˜hg8) quoted
above.

One of the consequences of Eq.~41! is that from the
expression of the two photon decay width of

hc˜gg:G~hc˜gg!5
4~4pa!2f hc

2

81pmhc

57.521.4
11.6 keV,

implying f hc
5411 MeV, the charm content of theh8

emerges as

u f h8
~c!u'ucosu tanucf hc

u'4 MeV. ~42!

It suggests that the presence of thecc̄ leakage inh8 is rather
small in agreement with recent calculations@8,11,14,15#. In-
deed from the form-factor data the upper limit off h8

c has
been predicted to be only 15 MeV@14#. A nonrelativistic
quark model estimate also favorsf h8

c around 6 MeV@15#.
Obviously these values, including the present one of
~41!, falls far short ofu f h8

c u;140 MeV needed to@7# explain
the data onB6

˜h8K6 which is supposed to be triggered b
the transitionb˜cc̄1s˜h81s. It is not our purpose to
give an answer to this discrepancy; we only note thath8hc
mixing appears an unlikely possibility to explain the anom
lous rate forB˜h8K.
ev
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The nature of our estimates for the U~4! violating param-
etersa and b, although being determined in the context
hh8hc mixing for the first time, come hardly as a surpris
Previous determination from theJ/c decays into a vector
and a pseudoscalar have suggested that nonet symmetry
lations can be large@29#. A study of the decays of the
charmed mesonsDu andDs into two pseudoscalars has als
revealed moderate breakings in nonet symmetry@30#. In
keeping with these trends we find that U~4! symmetry is
broken too, with most of the breaking being borne by t
parametera. That the other parameterb stays close to its
U~4!-exact value is a consequence of an interplay betw
the smallness ofuc and a much larger value for thehh8
mixing angleu. These conspire to restrictb close to 1/),
the experimental values for the decay widths ofJ/c˜hcg
andf˜h8g not allowing much room for deviation.

IV. SUMMARY

In this paper we have carried out an analysis ofhh8 mix-
ing in particular andhh8hc in general within a broken U~4!
3U~4! scheme. We have established that the vanishing
the matrix element of a linear combination of pseudosca
density cig5c and gluonic strength (as/4p)GmnG̃mn be-
tween ^0u and uh,h8&, states point to the absence of anycc̄
admixtures in these states. We have obtained new constr
for the decay constantsf h,h8

q (q5u,s) which are new and of
interest. These have been exploited to obtain SU~3! octet and
singlet mixing angles. We have also shown that a sim
mixing scheme forh, h8, andhc gives a complete descrip
tion of V˜Pg andP˜Vg decay rates~including the most
recently observedf˜h8g! corresponding to ahh8 mixing of
;222° in agreement with its currently accepted value. Ho
ever,cc̄ leakage inh8 ~and alsoh! has proved to be smal
suggesting thath8hc mixing is an unlikely explanation for
the anomaly ofB˜h8K decay.
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