*1 " Fermi National Accelerator Laboratory

FERMILAB-Pub-85/52-4a
April 1985

Comment on Vittorio and Silk's "The Microwave Background
Anfsotropy and Decaying Particle Models of a Flat Universe"

Michael S. Turner
NASA/Fermilab Astrophysics Center
Fermi Natfonal Accelerator Laboratory

P.Q. Box 500
Batavia, IL 60510

Abstract

in a recent PRL Vittorle and Silk calculate the microwave
anisotropy in a Universe dominated by the relativistic decay products of
neutrinos which decayed in the recent past (redshift zd). They use the
upper limit of Uson and Wilkinson on the anisotropy of the microwave
background at #.5' to obtain the constraint: z4 < 8. The ceonstraint on

decaying warm particles presumably lies somewhere between 4 and 8.
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QUMMENT TN STLW AND VITTOPIQ'g "THE MICROWSY

ANISOTROPY AND DECAYING PARTICLE MODELS OF A FLAT UNIVERSE"

Theorstical prejudice argues strongly for the n=1,
Einstein-deSitter cosmological model (L s fhg ratio of ths
preasent energy density to the critical density). However, the
observational data suggest that _ﬂ_oas‘: 0.1‘30-\: Since the
observational data is only sensitive to the component that

clumpe, theory and obasrvetion can be raconcilad it thare

exists a smooth component that accounts for fLsnm' "'.0—005‘-"-

. ‘ (I8

03 20.l, Several authors' have suggasted that the smooth
componant couid be relativistic particles produced by the
recent decay ot a massive, relic particle species. As Turner

2
etal. point out, such "decaying particle cosmologies” (DPC)"

are severely constrained by the observed i{sotropy ot tha 3K
background. In particular, they argued that I+zd must be less

than 0(19) (z, is the redshift of decay). In 2 recent PRL

Vittorio and Sitk'

Wllkinson5 to put stringent comstraints on z, in the case that

have uged the measurements ot Uson and

the decaying particle is a neutrino:

utrino: z, £ 4. [The
4 % ‘

Uson-Wilkinson measurement places an upper limit of &T/T &3x
0% on the angular scale of 4.5'.] In this comment we coint
out that their result can be easily generalized to the case
where the daecaying particle 1s a cold relic {(i.e., heavy, mass
> 1 kev), and obtain am upper limit to the redshift ot decay:
L3 4 8.

As discussed by Vittorig and ‘3111«.‘+ the anisotropy at
4.5 is related to the power spectrum P{l) of density

perturbations on the gscale correspeonding to 4.5' at the epoch

ot decoupling “ih‘z 1588) . he anguler sca'e & and linear
scale 1 are related by: ¢ l.l'h(l/ﬂpr__ /H° o, whers the
Hubble parameter today is H = 10@h km sec Moc™, the powave
temperature is 2.78 K, and H_d, 13 the distance t> the last
scattering surface in Hubble units., Here P{1)= kyl \5&\. é‘k is
the Fourier component of SP/P , ko= 2//1 is the wavenumber and
1 the wavelength of the Fourier component 61 Poygically, P({1)
measures the RMS fluctuation of J&M/M on the scale | . For cold

alice P is a unlivarsal fl_nct!en? P(4)= a Cl0/0 ) . whara g
i A d-| ety 3 -

a ]

is an overall normalization, and I.? s the scale just
entering tha horizon when the Unlverse became marter-dominated:
L‘b‘: 11}—1PLK1@'QT(91' In general f(x)eC x ', where m depands
on tha initial spactrum of perturbations and x. For the
Zel'dovich spectrum m = @ for x<<{1, m=1 for x=!, and m = 2
for x>»>t.
For non-decaying cold relics Hd = 2. Usi~g the fact P(1)
= 1 on the scate | = ‘H,"MP,, today and that P(1>1 ) haa grown

linearly with the scale factor since decoupling ~e can solve

for pdu. (1*_,-) :

- - !o-?k/ﬁ") w L™
Purc (L) = (1500) F (cbw/ oY LT 5o

In the DPC things are a littte difference A% a redshiitg
of zd the growth ot perturbations begins to sl-« Z0wn because
the Universe is bacoming radiation-dominated arz <he growth
since decoupling can be written as [58@/df, where Zf {s the
deftcit 1’a<:tcn~‘.L A reasonable fit tc the numeriza’ results of

ret. 3 (good tc about 18%) is: dt = 5(1 + zﬂ’/‘. valid for & §
7, £ 108. In the DPC H d = 2 QL D_Q_ ( )‘A./(H )‘ﬁ.] ~
4 ' (R N T2 At



1.2-1.4 for the parameters =* 1nterest. Again we can use P(lc)

P
= + 1 :
1 to solve for ﬁtc : )

Do (2,

4.5
{ (ostn(wta)(Bedo/13) /6)
Flobwivza)/er)

1

(1500} " af

{ Hoda/l.
(Fefe/v 25}/

= 0.

ey

—Mdi':

Comparing to the previous result we see that R::KIQS) I8 larger

by a tactor ot

Phe / Paee = 4F 16™ (Wdo/t3) ™,

There are two effects-~-firet the deficit factor and second the

tact that 1 is smaller in the DPC, For h = .5 (in the DPC h,

5
must be ,d-TS in order to have » sufticiantly old Untverae} the
predicted anisotropy for non-decaylng cold relics Is within 2
tactor ot 3 ot the measured cvpper limit, Taking m = 1 (for the
Zel'dovich spectrum) and requiring that P:t(‘ﬁs) be no larger
than 3.5 times pdeuthg) results in the uoper limit: 2z, £ 8.
We note that since the small-scale anisotropy restricts zy4 to
be less than 4 for hot relics and less than 2 for cold relics,
wa would expect the constraint tor warm relics to lie betwgen 4

and 8.
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