CLUSTERING OF DIRBE LIGHT AND IR BA CK GR OUND

A. Kashlinsky

1

, J.C. Mather

2

, S. Oden w ald

2 , 3

, M.G. Hauser

4

1

NORDIT A, Blegdamsv ej 17, Cop enhagen, DK-2100 Denmark

2

Co de 685, Go ddard Space Fligh t Cen ter, Green b elt, MD 20771 USA

3

Applied Researc h Corp oration

4

Co de 680, Go ddard Space Fligh t Cen ter, Green b elt, MD 20771 USA

ABSTRA CT

W e outline a new metho d for estimating the cosmic infrared bac kground

using the spatial and sp ectral correlation prop erties of infrared maps. The cos-

mic infrared bac kground from galaxies should ha v e a minim um fluctuation of

the order of 10% on angular scales of the order of 1

∘

. W e sho w that a linear

com bination of maps at differen t w a v elengths can greatly reduce the fluctuations

pro duced b y foreground stars, while not eliminating the fluctuations of the bac k-

ground from high redshift galaxies. The metho d is p oten tially v ery p o w erful,

esp ecially at w a v elengths where the foreground is brigh t but smo oth.

1. INTR ODUCTION

Diffuse bac kground radiation fields con tain information ab out the en tire

history of the univ erse, including those p erio ds in whic h no discrete ob jects

exist or can b e detected b y telescopic study . The cosmic infrared bac kground

(CIB) should con tain m uc h of the luminosit y of the early generations of stars

and galaxies, since the cosmic expansion redshifts the w a v elength of p eak lumi-

nosit y from these sources from the UV and visible bands in to the infrared. In

addition, dust absorbs m uc h of the original UV luminosit y and re-emits it in the

IR. The CIB therefore con tains imp ortan t information ab out the ev olution of

the Univ erse b et w een the redshift of last scattering (prob ed b y the micro w a v e

bac kground) and to da y (prob ed b y optical surv eys).

The CIB has still not b een discerned in the sky brigh tness data measured

b y the COBE Diffuse Infrared Bac kground Exp erimen t (DIRBE), whic h w as de-

signed for the purp ose, b ecause it is hard to distinguish the CIB from foreground

sources suc h as in terplanetary and in terstellar dust, and stars. Extrap olations

of galaxy coun ts clearly predict a near IR CIB w ell ab o v e the DIRBE noise lev el.

The most direct analysis of the DIRBE data giv es the limits on the CIB deriv ed

from the dark est parts of the sky (Hauser 1995). A t the DIRBE J , K , and L

bands they are resp ectiv ely ν I

ν

= 393 ± 13 , 150 ± 5, and 63 ± 3 nW m

− 2

sr

− 1

.

The latest attempt b y the DIRBE team to accoun t for foreground emission is

rep orted b y Hauser (1995), giving residuals for these bands ranging from 50 to

104, 15 to 26, and 15 to 24 nW m

− 2

sr

− 1

resp ectiv ely .

An alternativ e detection metho d w as suggested b y Gunn (1965) based on

the correlation prop erties of the diffuse bac kgrounds. It w as successfully applied

b y Shectman (1973, 1974) in the V band and Martin and Bo wy er (1989) in

the UV. Indeed, if it comes from the redshifted ligh t emitted b y galaxies, the

diffuse bac kground m ust sho w fluctuations to reflect the correlation prop erties

of galaxies.

W e presen t here an o v erview of this study: section 2 giv es a brief theoretical bac kground for the metho d, data analysis is presen ted in section 3 and

w e conclude in section 4. More details and final n um b ers will b e found in our

forthcoming pap er (Kashlinsky , Mather, Oden w ald, and Hauser 1995; hereafter

P ap er I).

2. THEORETICAL PRELIMINARIES

If the primordial densit y fluctuations w ere Gaussian as most theories as-

sume, then the three-dimensional spatial correlation function, ξ ( r ) determines

all prop erties of the primordial densit y field. ξ ( r ) has no w b een measured to

large distances ( < 100 h

− 1

Mp c ) in the B

J

(Maddo x et al. 1990; hereafter the

‘APM’ surv ey) and r bands (Picard 1991; hereafter the ‘P alomar’ surv ey). These

estimates are consisten t with other measuremen ts of the mass distribution (cf.

Kashlinsky 1994 and references therein), although there is no pro of that all t yp es

of dark matter follo w luminous matter. While deep er than b efore, the APM and

P alomar surv eys map the galaxy distribution at rather lo w redshifts (the APM

surv ey limit is b

J

= 20 . 5, and the P alomar surv ey limit is r = 19).

The three-dimensional correlation function is not directly observ ed in t w o

dimensional maps. W e therefore consider the pro jected t w o dimensional corre-

lation function as a directly observ able quan tit y . F or diffuse ligh t, the pro jected

2-D correlation function b et w een fluxes in t w o differen t w a v ebands λ

1

, λ

2 is de-

fined as C

λ

1

,λ

2

( θ ) ≡ ⟨ λ

1 δ I

λ

1

( x ) · λ

2 δ I

λ

2

( x + θ ) ⟩ , where δ I = I − ⟨ I ⟩ . It is related

to the underlying 2-p oin t correlation function via the analog of the Lim b er equa-

tion, whic h in the limit of small angles θ < 1 reads:

C

λ

1

,λ

2

( θ ) =

∫

∞

0 dz [ ∂ λ

1

I

λ

1

/∂ z ][ ∂ λ

2

I

λ

2

/∂ z ]

∫

∞

−∞ d Δ ξ ( r

12

; z ) , (1)

where Δ ≡ ( z

2

− z

1

), r

2

12

= (Δ cdt/dz )

2

+ x

2

( z ) / (1 + z )

2

θ

2

, and x ( z ) = c

∫

z

0

(1 +

z ) dt is the como ving distance to z .

The angular scale of the DIRBE b eam prob es como ving linear scales of

< 20 − 30 h

− 1

Mp c for the range of redshifts con tributing to the bulk of the (near)

IR extragalactic flux. On these scales, the correlation function implied b y the

APM surv ey can b e appro ximated as a p o w er la w of slop e γ + 1 ≃ 1 . 7. Th us as

θ → 0 w e can mo del ξ ( r ; z ) as ξ ( r ; z ) = ( r /r

∗

)

− 1 − γ

Ψ

2

( z ), where r

∗

= 5 . 5 h

− 1

Mp c

and the function Ψ( z ) accoun ts for the ev olution of the clustering pattern, and

is defined to b e unit y for z = 0. This leads to a predicted zero-lag correlation

signal (mean square deviation) seen b y DIRBE with the top-hat b eam of:

C (0) = 1 . 6 × 10

− 19

D Q

2

λ

∫

[ E ( z ) S ( λ ; z )Ψ( z )]

2

[(1 + z )

6

√

1 + Ω z ]

[

R

H

(1 + z )

x ( z )

]

0 . 7

dz (2)

where C (0) is in W

2

m

− 4

sr

− 2

, Q

λ

= λf

λ

( λ ; 0) / Δ λ

B f

λ

( λ

B

; 0). Here λ

B and Δ λ

B

refer to the B band filter w a v elength and bandwidth used to define the galaxy

luminosit y functions. F or galactic sp ectra and galaxy t yp e mixes adopted from

Y oshii and T ak ahara (1988) w e get Q

J

= 8 . 9 , Q

K

= 3 . 8 , Q

L

= 1 . 7 for the

J , K , L bands. D is the b eam dilution factor whic h for circular top-hat b eam

and γ = 0 . 7 is D ( γ ) ≃ 1 . 4. W e ev aluated the effectiv e radius of a circular b eam

corresp onding to the DIRBE instrumen t to ha v e radius ≃ 0.45

∘

, after accoun ting for the effects of the b eam shap e, the b eam scanning during the observ ation

time, the pixelization pro cess, and the attitude errors. E ( z ) and S ( λ, z ) are the

ev olution parameters and are defined in P ap er I. Th us w e exp ect the zero-lag

signal to b e near C

ϑ

(0) ∼ 10

− 2

( λI

λ

)

2

.

Ev en if the data do not allo w a detection, this metho d allo ws translation

of an upp er limit on C (0) in to an upp er limit on the total flux in that band. T o

see ho w the measuremen ts of the correlation signals constrain the lev els of the

bac kground it is illustrativ e to rewrite the ab o v e equation as:

C (0) = 3 . 6 × 10

− 3

∫

( dλI

λ

/dt )

2

Ψ

2

( t )( R

H

/r ) γ

H

− 1

0 dt (3)

where t is the cosmic time and r = x ( z ) / (1 + z ). In the F riedman-Rob ertson-

W alk er Univ erse the ratio of [ r ( z ) /R

H

] γ

reac hes a maxim um of 0.45 at z ∼ 1 . 5.

The v alue at the maxim um is almost indep enden t of Ω b eing 0.43 for Ω = 0 . 1

and 0.47 for Ω = 1. This translates in to [ R

H

/r ( z )] γ

≥ 2 . 2. Th us an y detection

of the cosmological C (0) or an upp er limit on it w ould set an upp er limit on the

rms z -gradien t of the total flux of

( dλI

λ

dz

)

rms

≡

√

∫

( dλI

λ

/dz )

2

dz ≤ 11

√

C (0) . (4)

T o relate this z -gradien t to the total flux requires a mo del for the z dep endence

of dλI

λ

/dz . Reasonable classes of mo dels based on recen t galaxy formation

( z of a few) giv e the ratio of λI

λ to the z -gradien t of the order of unit y , and

an y sp ecific mo del can b e ev aluated easily . This metho d allo ws for a simple and

efficien t w a y of constraining the CIB from material clustered lik e galaxies, based

on the measuremen ts of the mean square deviation in the DIRBE maps.

In the con v en tional DIRBE analysis one deriv es upp er limits from the DC

comp onen t of the signal, using v arious metho ds for mo deling and subtracting

the smo oth and discrete foreground sources. As eq. (4) sho ws the correlations

metho d could b e quite efficien t when the foreground emission is v ery brigh t

but homogeneous. This is t ypically the case in w a v ebands longw ard of the

ones considered here, where zo diacal ligh t dominates stellar emission. The t w o

metho ds measure differen t quan tities, one dep ends on foreground mo dels and one

on bac kground mo dels, and b oth pro vide v aluable constrain ts on the pro cesses

of galaxy formation, ev olution, and spatial clustering. The analysis at these

longer w a v elengths will b e presen ted in a future pap er. Nev ertheless, applying

the tec hniques in the near-IR already giv es in teresting results.

3. D A T A REDUCTION

W e analyzed data from the three shortest w a v elength bands observ ed b y

DIRBE, whic h appro ximate the ground-based photometric bands J , K , L, at

1.25, 2.2, and 3.5 microns. W e selected four fields of 128 × 128 pixels, or 38 . 5 ×

38 . 5

∘

, lo cated outside the Galactic plane, | b

I I

| > 20

∘

. Tw o fields are lo cated

in the Ecliptic plane and t w o near the north and south Ecliptic p oles. W e also

studied the same fiv e fields that are used in setting the strongest curren t limits

on CIB (Hauser 1995): four fields are 32 b y 32 pixels in size (10

∘

b y 10

∘

) and

are cen tered on the t w o ecliptic (hereafter referred to as SEP and NEP) and t w o galactic (SGP and NGP) p oles. The fifth field is 5

∘

b y 5

∘

(16 b y 16 pixels)

and is cen tered on the Lo c kman hole (hereafter LH), the region of the minim um

HI column densit y at ( l , b ) = (148

∘

, +53

∘

) (Lo c kman et al 1986). W e analyzed

t w o v ersions of these maps. Map A w as constructed b y in terp olating the data

from 4 consecutiv e w eeks of observ ation to a constan t solar elongation of 90

∘

,

th us reducing the effects of the v ariation of the zo diacal ligh t with time. Map

B w as the grand a v erage of all 42 w eeks of observ ations, as deliv ered to the

National Space Science Data Cen ter (Leisa witz 1995), with the DIRBE mo del

of the zo diacal ligh t subtracted directly (Reac h et al. 1995; F ranz et al. 1995).

The mo del uses the time dep endence of the measured sky brigh tness as the

unique signature of the zo diacal ligh t.

A measuremen t of C (0) m ust satisfy three criteria to b e considered a firm

detection. First, it m ust b e isotropic to a high degree. Second, it m ust ha v e a

lev el significan tly ab o v e the random noise lev els from the instrumen t and data

pro cessing. The spatial p o w er sp ectrum of the fluctuations m ust b e consisten t

with an origin outside the instrumen t and data reduction pro cess. Third, it

m ust b e clear that it can not b e pro duced b y foreground sources. It m ust not b e

spatially correlated with foreground sources lik e the Galactic or ecliptic plane,

or the lo cal sup ercluster. Ev en without passing all these tests, the measured

limits on C (0) and their implications for the clustered part of the CIB are still

v ery in teresting as an example of this promising metho d.

W e no w describ e t w o steps that w ere applied to reduce the effects of the

zo diacal and stellar foregrounds from the DIRBE maps: discrete source masking,

and color subtraction.

Except near brigh t ob jects lik e the Large Magellanic Cloud or the Galactic

Plane, the app earance of eac h map in the selected J , K , L bands is c haracterized

b y a large n um b er of brigh t p oin t sources, mostly kno wn stars, situated on a

smo oth distribution. F or purp oses of estimating the prop erties of the CIB w e

m ust eliminate the con tribution from the discrete foreground as w ell as p ossi-

ble. Eac h field w as pro cessed b y an iterativ e bac kground mo delling and source

remo v al program dev elop ed b y the DIRBE team. The smo oth comp onen t w as

mo deled as a 4th-order p olynomial surface, whic h w as fit to the en tire field after

application of a 5 × 5-pixel spatial filter. Pixels with fluxes greater than N

cut

standard deviations ab o v e the fitted bac kground mo del w ere blank ed, as w ere

the surrounding 8 pixels. In other w ords, eac h star w as assumed to o ccup y a

3 × 3-pixel region 0.97

∘

square, a factor of ∼ 2 larger in area than the nominal

DIRBE b eam size of 0.7

∘

square.

The pro cedure w as rep eated for the remaining non-blank ed pixels in the

map un til no further p oin ts w ere mask ed b y the algorithm. The bac kground

mo del w as recomputed for the non-blank ed pixels in the field, and the blanking

pro cess p erformed again at the same clipping threshold factor, N

cut

. Since the

clipping threshold is defined b y a factor relativ e to the standard deviation of the

residuals of the remaining pixels, it c hanges with eac h iteration and is sligh tly

differen t for differen t v alues of N

cut

. This pro cess w as iterated un til no new

p eaks w ere iden tified in the curren t map iteration. Because this pro cess do es

not actually subtract a bac kground from the data at eac h step in the iteration,

the final pro duct is a sky map con taining all of the original lo w spatial frequency

bac kground information, but in whic h brigh t p oin ts sources ha v e b een deleted

b y blanking their pixels. W e tested cutoff thresholds of N

cut

= 3.5, 5, and 7;

at lo w er clipping thresholds w e ha v e to o few pixels remaining to allo w for a

meaningful analysis.

After the masks w ere created individually for all three bands, a com bined mask w as made so that only those pixels whic h w ere considered v alid for all

three bands w ould b e used for further analysis. This step guaran tees that the

data are consisten t for all the bands and for the color-subtracted analysis to b e

describ ed b elo w.

W e examined the histograms of the fluctuations for eac h field and map

and v alue of N

cut

. W e found the follo wing exp ected effects. The histograms are

quite sk ew, with a high-in tensit y tail falling off roughly as dN /dδ I ∝ δ I

− 5 / 2

,

in accord with the prediction for stars filling infinite space uniformly . The lo w-

in tensit y side of eac h histogram drops abruptly , since it is v ery improbable for

no stars to b e found in the large DIRBE b eam width. If the b eam width w ere

only 1 arcmin ute, the result w ould b e v ery differen t. Histograms for Map A, for

whic h the zo diacal ligh t mo del has not b een subtracted, sho w double p eaks for

regions near the ecliptic plane. In Map B, all the fields giv e histograms with

roughly comparable widths, as exp ected if the stellar foreground fluctuations are

roughly the same for regions all at high galactic latitude. The measured width

of the cen tral part of the distribution is mo derately sensitiv e to the clipping

threshold used. W e find that N

cut

= 3 . 5 is the lo w est v alue where enough

pixels still remain for prop er analysis, b ecause eac h deleted pixel also remo v es

its 8 neigh b ors. The measured disp ersion or C (0) is still far to o anisotropic

to b e in terpreted as cosmological, but can b e used to giv e upp er limits. T o

obtain m uc h lo w er v alues w ould require v ery careful analysis of the observ ational

noise, the stellar foreground fluctuation con tributions, and the detailed resp onse

prop erties of our nonlinear analysis algorithms.

The signal from the foreground radiation ma y also b e disen tangled from

that of galaxies b y considering the prop erties of the foreground stellar emission

that are differen t from the CIB. The extragalactic ob jects ha v e somewhat differ-

en t colors than the Galactic stars, and they are redshifted as w ell. F urthermore,

galaxies of differen t morphological t yp es ha v e differen t stellar p opulations and

this to o should help distinguish the colors of the foreground emission from our

Galaxy (t yp e Sc) from those of more represen tativ e galaxies (E/S0, Sa, etc.)

whic h are exp ected to dominate the CIB at J , K and L -bands.

On the other hand the near-IR DIRBE maps exhibit a clear color with a

relativ ely small disp ersion. W e define the color b et w een an y t w o bands, 1 and

2, as α

12

= I

1

/I

2

. Within eac h field the disp ersion of colors is small, b et w een

5% and 10%. The colors confirm that most of the ligh t of the Galaxy in these

bands comes from K and M gian ts (Arendt et al. 1994).

This empirical prop ert y of the constancy of color found in the DIRBE

near-IR maps can b e used to reduce the foreground con tribution to C (0) b y

taking the scaled difference of t w o maps. On the other hand, as discussed ab o v e

most CIB in the near-IR is exp ected to come from galaxies whose sp ectra are

significan tly redshifted and th us the CIB is not exp ected to b e w ashed out b y this

pro cedure. These observ ations are the basis for the color subtraction metho d

w e presen t b elo w.

There are t w o indep endent con tributions to the measured fluctuations in

the linear com binations of the DIRBE maps: the one that comes from the total

foreground (stars, zo diacal ligh t, and cirrus), whic h w e denote as C

∗ , Δ

(0), and

the one that comes from the extragalactic bac kground whic h w e lab el C

g , Δ

(0).

W e use the Δ notation to indicate that these v ariances refer to the differences

of maps at t w o differen t w a v elengths. The total C

Δ

(0) is the sum of these

t w o comp onen ts. Let us assume that the Galactic and zo diacal foreground

comp onen t has the mean color b et w een an y t w o w a v elengths 1 and 2 of S

12

= ⟨ α ⟩

and the disp ersion in the color is s

2

12

= ⟨ ( δ α )

2

⟩ , where δ α is the deviation of the pixel color from the mean of the pixels in the field. Assuming that the color

fluctuations are uncorrelated with the in tensities, the zero-lag signal due to the

foreground in Band 1, C

∗ , 1

(0), can b e written as

C

∗ , 1

(0) ≃ ( S

2

12

+ s

2

12

) C

∗ , 2

(0) + s

2

12

⟨ I

∗ , 2

⟩

2

. (5)

Note that the appro ximations used in this equation are not required for the

v alidit y of the analysis of the maps, but are only to indicate that ma jor im-

pro v emen ts are ac hiev able with color subtraction. Let us construct the quan-

tit y whic h dep ends on the parameters in t w o bands (w e define δ

i

≡ I

i

− ⟨ I

i

⟩ ),

Δ

∗ , 12

≡ δ

∗ , 1

− β δ

∗ , 2

, where the quan tit y β is for no w an arbitrary n um b er whic h

will b e quan tified later. The zero-lag signal in the “color-subtracted” quan tit y

defined ab o v e w ould b e giv en b y

C

∗ , Δ

(0) ≡ ⟨ Δ

2

∗ , 12

⟩ = [( S

12

− β )

2

+ s

2

12

] C

∗ , 2

(0) + s

2

12

⟨ I

∗ , 2

⟩

2

. (6)

It is clear from the ab o v e that if w e w ere to c ho ose β close to the mean color for

the foreground, β ≃ S

12

, then the largest term in Eq.(6) could b e made nearly

zero and the con tribution of the Galactic foreground confusion noise to the zero-

lag signal C

∗ , Δ

(0) in the difference map w ould b e minimized. F urthermore, if

s ≪ S , that con tribution can b e decreased o v er the one sp ecified in Eq.(5) b y a

fairly substan tial amoun t.

Measuremen t sho ws that indeed w e ha v e s ≪ S . Th us the v ariance in the

color-subtracted fluctuation Δ due to the confusion noise can b e reduced b y a

substan tial factor, with a minim um when β = S

12

. The plots of C

Δ

(0) for the

data from all fiv e fields as a function of β for J − K , J − L and K − L subtraction,

for map B and N

cut

= 3 . 5 sho w that the minim um of C

Δ

(0) is indeed quite deep.

Therefore, in constructing the color-subtracted quan tities w e use the v alues of β

for eac h field that corresp ond to the minim um of C

Δ

(0). Unlik e the single band

zero-lag signal, whic h w ould corresp ond to β = 0, the minim um of C

Δ

(0) is

distributed significan tly less anisotropically . The ma jor anisotrop y in the colour

subtracted signal comes from the SEP field. This field, ho w ev er, con tains the

LMC galaxy and it is fair to exclude it from further discussion of the colour

subtracted signal.

The color subtraction w orks w ell to suppress the fluctuations due to the

Galactic foreground. On the other hand the predicted extragalactic bac kground

fluctuations are unlik ely to b e remo v ed b y the color subtraction metho d b ecause

the redshifts giv e the bac kground a differen t color than the foreground. The

extragalactic signal w ould c hange b y a differen t amoun t, and ma y ev en increase

b ecause of the com bination of redshift and morphological effects. This can b e

sho wn explicitly using eqs.(2)-(4) and is discussed in more detail in our P ap er

I. Since the Galaxy colors are t ypical of general stellar p opulations our metho d

effectiv ely reduces the con tribution from the nearb y galaxies, but b ecause of the

redshift effects on galaxies the o v erall zero-lag signal remains at the lev els of the

single band cases. In other w ords, the color subtracted signal prob es galaxies in

a windo w of redshifts cen tered on an early ep o c h. The distan t galaxies do not

ha v e a single color, and can not b e remo v ed b y the color subtraction.

4. CONCLUSIONS

W e ha v e tested a promising metho d for recognizing the con tribution of

high-redshift galaxies to the cosmic infrared bac kground, using their spatial and sp ectral correlation prop erties. These are differen t from the foreground stars,

whic h ha v e a single dominan t color with small disp ersion. Brigh t foreground

stars can also b e eliminated b y simple masking tec hniques. W e prepared linear

com binations of maps at differen t w a v elengths and adjusted the co efficien t to

minimize the resulting v ariance. The residuals are m uc h smaller than those of the

single band maps, and are m uc h more isotropic. Theoretically , the fluctuations

of the CIB should ha v e differen t colors from the foreground stars and should

still b e detectable in these linear com bination maps.

Ev en the single band fluctuation limits can b e in terpreted as (mo del-

dep enden t) limits on the CIB originating in material clustered lik e galaxies.

In the J , K , L bands, with reasonable galaxy ev olution mo dels, they are sig-

nifican tly lo w er than direct estimates of the upp er limits on the CIB deriv ed

from the DIRBE maps and are comparable to the residuals in the direct sky

brigh tness analysis (Hauser 1995).

There is still w ork to do in iden tifying the sources for all of the measured

fluctuations. W e ha v e demonstrated that the instrumen t noise is quite small in

the single band maps, but not negligible in the analysis of the color subtracted

maps. The p ossible sources for suc h fluctuations could b e the long-sough t CIB,

the residuals of the foreground star fluctuations, or effects of patc h y dust ab-

sorption. A spatial p o w er sp ectrum analysis is needed to sho w whic h of the

ab o v e con tributes to the detected signal.

REFERENCES

Arendt, R. G., et al. , 1994, Ap.J., 425, L85

F ranz, B. A. et al. , 1995, this W orkshop

Gunn, J. 1965, Ph.D.Thesis, Caltec h. (unpublished)

Hauser, M. G, 1995, this W orkshop

Kashlinsky , A. 1994, in “Ev olution of the Univ erse and its Observ ational Quest”,

ed. K. Sato, p.181, Univ ersal Academ y Press, Inc. - T oky o

Kashlinsky , A., Mather, J., Oden w ald, S., and Hauser, M. 1995, Ap.J., to b e

submitted

Leisa witz, D. T., 1995, this W orkshop

Lo c kman, F. J. et al. , 1986, Ap.J., 302, 432

Maddo x, S. et al. 1990, MNRAS, 242, 43p

Martin, C. and Bo wy er, S. 1989, Ap.J, 338, 677

Picard, A. 1991, Ap.J., 368, L7

Reac h, W. T. et al. , 1995, this W orkshop

Shectman, S. 1973, Ap.J., 179, 681

Shectman, S. 1974, Ap.J., 188, 233

Y oshii, Y. and T ak ahara, F. 1988, Ap.J., 326, 1