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Cosmological parameters from the first results of Boomerang
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The anisotropy of the cosmic microwave background radiation contains information about the contents and
history of the universe. We report new limits on cosmological parameters derived from the angular power
spectrum measured in the first Antarctic flight of the Boomerang experiment. Within the framework of models
with adiabatic perturbations, and using only weakly restrictive prior probabilities on the age of the universe and
the Hubble expansion parametgrwe find that the curvature is consistent with flat and that the primordial
fluctuation spectrum is consistent with scale invariant, in agreement with the basic inflation paradigm. We find
that the data prefer a baryon densf)yh? above, though similar to, the estimates from light element abun-
dances and big bang nucleosynthesis. When combined with large scale structure observations, the Boomerang
data provide clear detections of both dark matter and dark energy contributions to the total energytjgnsity
independent of data from high-redshift supernovae.
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The angular power spectruéi of temperature anisotropy expected from acoustic oscillations in adiabatic cold dark
in the cosmic microwave backgrouif@MB) is a powerful — matter(CDM) models of the universe, but is not consistent
probe of the content and nature of the universe. The Differwith the locations and widths of peaks expected in the sim-
ential Microwave RadiometdDMR) instrument on the Cos- plest cosmic string, global topological defect, and isocurva-
mic Background Explore(COBE) satellite measured, for  ture perturbation model§8]. The data at highet show
multipoles| <20, corresponding to angular scale§° [1].  strong detections which limit the height of a second peak, but
Significant experimental effort by many groups focusing onare consistent with the height expected in many CDM mod-
smaller angular scales, when combin@é-4], led to the(, els.
estimates in thé bands marked with(s in Fig. 1, which In this paper, we concentrate on determining a set of
indicate a peak at~200 [5]. It has long been recognized seven cosmological parameters that characterize a very broad
that if C; can be determined with high precision over theseclass of CDM models by statistically confronting the theo-
angular scales, parameters such as the total energy densisticalC,’s with the B98 and DMR data. Sample CDM mod-
and baryon content of the universe, and the shape of thels that fit the data are shown in Fig. 1. These are best-fit
primordial power spectrum of density fluctuations, can betheoretical models using successively more restrictive “prior
accurately measurdd]. The most recently published Boo- probabilities” on the parameters. A major theme of this pa-
merang angular power spectrum shown in Fig. 1 representsger is to illustrate explicitly how inferences that are drawn
qualitative step towards such high precisiof] (hereafter, from the CMB data depend on the priors that are assumed.
B98Y). Some of these priors are quite weakly restrictive and are

The data define a strong peal at200. The steep drop in generally agreed upon by most cosmologists, for example
power froml ~200 tol ~400 is consistent with the structure that the Universe is older than 10 Gyr and that the Hubble
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800¢ T—r—r-rTTrTT 1T T T T crossing distance at that time,, which is sensitive to these
| noPrior/wesk /strong H.u,/weak$LSS+0, =1 parameters. We fix the density of photons and neutiifhdk
which are other important constituents at this epoch. The
observed B98 patterns are also sensitive to the “angular-
diameter distance” to photon decoupling, mapping the
~1100 spatial structure to the angular structure, and, through
its dependence on geometry, (g, the total energy in units
of the critical density. Wher(),,;<1 (open models rg is
mapped to a small angular scale; wHep,>1 (closed mod-
els), rq is mapped to a large angular scale.

This mapping also depends upon the density associated
with a cosmological constanf) , , and Q= (w¢+ w,)/h?,
as well as o), =1-Q,, the density associated with cur-
vature. Combinations d®, /Q, andQ , /Q, which give the
same ratio of angular-diameter distance to sound horizon
will give nearly identical CMB patterns, resulting in a near
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i L o degeneracy that is broken only at large angular scales where
ol e Lo bl CIEES photon transport through time-varying gravitational poten-
o 200 400 800 8OO tials plays a role. One implication of this is th@t, cannot
{ be well determined by our data alone, in spite of the high

precision of B98. We have paid special attention to such near
FIG. 1. (Colorp CMB angular power spectraC=I(l degeneraciegl3] throughout our analysis.
+1)(|Timl?)/(27), where theT,, are the multipole moments of ~ The universe reionized sometime between photon decou-
the CMB temperature. The soligreen circles show the B98 data. pling andz~5. This suppresse3 at small scales by a factor
The magenta x's are a radical compression of all the data prior tg=27c \herer,, our fifth parameter, is the optical depth to

B98 into optimal bandpowerf2—4], showing the qualitative im-  Thomson scattering from the epoch at which the universe
provement provided by B98 except in tHes20DMR regime,  (gignized to the present.

where the COBE data are represented as a single bandyopes Our last two parameters characterize the nature of the

black circlg. (Note that the B98 and prior CMB pointslat 150 lie. g, 4,ations arising in the very early universe, through a
on top of each otherThe smooth curves depict power spectra for power law “tilt” n, and an overall amplitude factor for the

fsri\:srilamgx:m:v?hInlghhz)odwmgdelns ‘;V')thag'fffslrlgwspr;olrs ;r?grfenprimordial perturbations. The simplest inflation models have
’ tot 1 Wh 1 We 3 2A s, 7, . ’

dashed line,(1.3,0.10,0.80,0.6,0.80,0.025P4, dot-dashed line, & N€arly scale invariant spectrum characterizespy1. Of
(1.15,0.03,0.17,0.4,0.925;(P8, short-long dashed lind.05,0.02, ~COUrseé, many more variables, and even functions, may be
0.06,0.90,0.825)0 P11, solid line,(1.0,0.03,0.17,0.70,0.95,0.025 Needed to specify the primordial fluctuations, in particular
These curves are all reasonable fits to the BG®BE data. For those describing the possible contribution of gravity waves,
comparison, we plot &,=68, Q,=0.7 “concordance model” whose role we have also testgl#]. For our overall ampli-
which does not fit (dotted line labeled § with parameters tude parameter, we usedq, whereCy,is the CMB power in
(1.0,0.02,0.12,0.70,1.0,0 the theoretical spectrum &t 10. If we wish to relate the

CMB data to large scale structu(eSS observations of the
constantH,=10th kms *Mpc?! lies between 45 and 90. Universe, we use Ing as the amplitude parameter, wheré
More strongly restrictive priors rely on specific measure-is the model power in the density fluctuations on the scale of
ments, e.g., the Hubble Space Telescdp8T) key project  clusters of galaxies (8 * Mpc).

determination oH, to 10% accuracy9] and the determina- Our adopted parameter space is therefdee,,w.,
tion of the cosmological baryon densiiyy,=Qph?, t0 10% Oy, Q4 Ns,7.INC1ob. The amplitudeCyq is a continuous
[10,11. variable, and the rest are discretized for the purpose of con-

In [7], we applied a “medium” set of priors to the B98 structing the model database we use to compare data and
power spectrum to constrain a six cosmological parametetheory. The number of values and coverage are: 15, over
model and found a 95% confidence limit fér,,; of 0.88  0.1=Q,,<1.5; 14, over 0.003% w,<0.2; 10, over 0.03
<Qx<1.12. Row PO of Table | shows the result for our full <w.<0.8; 11, over 6G=Q,<1.1; 9, over G<7.<0.5; 31,
seven parameter set with a similar medium pffoere taken over 0.5sn¢<1.5. The spacings in each dimension are un-
to beh=0.65+0.1, w,=0.019+ 0.006, with Gaussian errors even, designed to concentrate coverage in the regions pre-
for both). As we progress through the table, we show theferred by the data and yet still map the outlying regiptfs.
effect of either weakening or strengthening the prior fromFast CMB transport progranid6] were used to construct
this starting point. our C; databases. Use was made of the angular-diameter dis-

Two of our parameters are fundamental for describing theance degeneracy amepace compression to reduce the size
physics of the radiative transport of the CMB through theand computational requirements needed to construct such a
epoch atz~1100, when the photons decoupled from thedatabase.
baryons. These are, and the CDM density,=Q:h?. The Parameter estimation is an integral part of the B98 analy-
acoustic patterns at decoupling are related to the soundis pipeline, which makes statistically well-defined maps and
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TABLE |. Results of parameter extraction using successively more restrictive priors. The confidence intervalseamaduhted using
methods described in the text. The @rrors are approximately double the talues quoted in most cases; upper limits are quoted-at2e
quoted values are reported after marginalizing over all other parameters. Note that these combinations are not, and should not be, the
parameters of the “maximum likelihood” best-fit models of Fig. 1. The waalk.45<h<0.90) and weak BBNQ,h?<0.05) priors are
top-hat functionguniform priorg and both include an additional agel0 Gyr prior. The strong priors are Gaussians with the staseettor,
and also have weak constraints imposed on the other variables. PO is the nmedB@&N prior used in[7] and described in the text. The
LSS priors are combinations of Gaussians and top{l2&s The SN1a prioP12, P13includes LSS as well the SN1a likelihood shown in
panel 3 of Fig. 2. P4a and P5a show the small effect of including prior CMB data in out B®¥R analysis; these should be contrasted with
P4b and P5b, the case of prior CMB data alone. Columns(©Q5to () ,) are predominantly driven by the CMB data, exceptfigh? and
Q, when the strong BBN priofP7—P9 is applied. The age column is in units of Gyr. Most of the values in columns 6+11® Age) are
influenced by the structure of the parameter space and should not be interpreted as CMB-driven constraints; exceptithsaenth@ ,
results when the LSS prior is applied. An equivalent table that includes an inflation-inspired gravity wave induced contribution to the
anisotropy{ 14] yields remarkably similar parameters and errors.

Priors Qor Qph? Ny Qp O, e Q.2 QO h Age
PO: Mediumh-+ BBN 1.0%% 0.03¢5%: 1.0 0.0895 0.3533 01535 0.2%3 07833 0.6358 11.9°2
P1: Entire Database 13156 0.10¢53 o0.88% 0.1@% 0.5%%2 02812 -+ 0813 1093 7.83
P2: Weakh(0.45<h<0.90)+age 11585 0.03¢9%% 1.043%0 01199 <0.83 0.21912 0.24% 0.8433 0.5819 12.%1
P3: Weak BBN (,h*<0.05)+age  1.1673 0.0335% 1.0%1p 0.160 <0.83 02§12 0.1 0953 0533 14.63
P4: Weakh+BBN+age 1188 0.03¢9%2 1.043% 01159 <0.83 0.21912 0.24% 0.8433 0.5819 12.%1
P4a: Weak and prior CMB 1.0509 0.03%go5 10630 015, <0.79 0.2417 01805 0.6435 05471 134
P4b NO B98: Weak and prior CMB  1.0372 0.02431; 1.147 0.080¢ <0.80 0.2$15 0.283% 078528 o06d7 12.99
P5: LSS & Weakh+BBN-+age 11297 0.034552 0.9879 0.1¢3% 0.665, 0.192 01495 04873 0.641 14572
P5a: LSS & Weal and prior CMB 10298 0.03¢%5: 1.08939 0.043% 04538 02212 0.16% 0553 0.6412 13.87
P5b NO B98: LSS & Weak and CMB  1.0¢65; 0.028312 0.08711 0.080% 0.5813 0.2671; 0.140% 04412 06315 13.87
P6: Strongh (h=0.71+0.08) 10497 0.03¢5% 1.08% 0.08% <0.82 0.2d72 0.26% 07853 0.66% 11.67%
P7: Strong BBN (2,h?=0.019+0.002) 1.1¢92 0.02835 0.89%% 0.0%% 0.74% o0.0432 0.0 0342 0541 17.%3
P8: Strongh-+BBN 10495 0.028553 0.85857 0.08% 0.7%3 0.0832 0.043 02817 0.68% 15.23
P9: LSS & Strongh+BBN 1.04% 0.02895 0.955% 0.08995 0.6 0.0832 0.145 0.3$57 0.645% 14.0-3
P10: Q=1 & Weak h+age 1 0.038%; 0943 0.08% <078 0.18F 0253 0553 0.74% 1098
P11:Q=1 & LSS & Weak 1 0.03¢3%% 0.98% 0.08% 0685 00932 014% 032% 0.79% 11.734%
P12: LSS & Weak & SN1a 1.080: 0.034%5; 1.030 0.08% 0725 02313 0193 0355 0.7¢% 13.33
P13:Q=1 & LSS & Weak & SN1a 1 0.03¢5% 0.9 0.083% 06997 0.1¢%% 01852 0.31% 08153 11.83

corresponding noise matrices from the time-ordered datahor clear detections, central values and limits for the
from which we compute a set of maximum likelihood band-explicit database parameters mentioned above are found
powers,Cg. The likelihood curvature matrifgg, is calcu-  from the 16%, 50%, and 84% integrals 6{x). When no
lated to provide error estimates including correlations beclear detection exists, these errors can be misleading, so for
tween bandpowers. The curvature mattbgg: and the these cases we shift to likelihood falloffs ley Y2 from the
curvature matrix evaluated at zero Signﬁgg,, are used in  maximum, or variances about the mean of the distribution
the offset-log-normal approximatiof2] to compute likeli- £(x). The mean and variance are used to set the limits on
hood functions_ (x,¥) = P(Cg|x,y) for each combination of ~other “auxiliary” parameters such @sand(},,, which may
parameterg andy in our database. Hereis the value of the be nonlinear combinations of the database variables. For
parameter we are limitingj specifies the values of the other good detections the three estimation methods give very good

parameters. agreement, and yieldo2errors that are roughly twice therl
We multiply the likelihood by our chosen priors, and mar- ones generally reported in this paper.
ginalize over the values of the other parametgrncluding We have used this method to estimate parameters, using

the systematic uncertainties in the beamwidth and calibratiothe B98 power spectrum of Fig. 1 with the COBE bandpow-
of the measuremenil7]. This yields the marginalized like- ers determined b{2] and a variety of priors. The results are
lihood distribution summarized in Table I; likelihood functions for selected pa-
rameters and priors are shown in Fig. 2.
In the presence of degenerate and ill-constrained combi-
_ 3\ _ IR nations of parameters, as with CMB data, the edges of the
E(x)=P(x|CB)—J Pprio X, Y)L(X,y)dy. @ database form implicit priors. We have constructed our da-
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FIG. 2. (Color) Likelihood functions for a subset of the priors used in Table I. Panébg left) shows the likelihood for), =1
—Qyy; the full databaséP1, dotted lingprefers closed models, but reasonable priP dashed blue line; P4, solid blue line; PO, dot-dash
red line; note that P2 and P4 lie on top of one another in every panel in this plot but are distinct ingfogréssively move towar@,=0.
We caution the reader against aggressively interpreting argffacts. Likelihood curves fof) , are shown in panel @op cente). In panels
2 and 4-6, the cases and line types are as in panel 1, except that dot-dashed now denotes-th®Sveaér, P5. With weak priors applied,
there is no significant detection 6f, [P2 and P4, overlapping as solid blue line in all remainiifg) panelg. Only by adding the LSS prior
is O, localized away from zerpP5, red dot-dash in all remaining(x) paneld. Panel 3(top right shows the contour plot d?, andQ , ,
for which the first two panels are projections to one axis. The bold diagonal black linedYparkk andQ,,=0. The blue contours are those
found with the weak priofP4), plotted at 1, 2, and @[24]. Red contours are similarly plotted for the wedkSS prior (P5). SNla
constraint§25] are plotted as the lightéblack) smooth contours, and are consistent with the CMB contours atcathevel. Panel 4bottom
left) shows the contours fapy,; the full database analysis results in a bimodal distribution with the higher peak concentrated at very high
values. These higly, models are eliminated by the application of a weghkrior or weak BBN prior(P2 and P4, overlapping as blue here
Panel 5(bottom centershows a localization ob,. for the weakh and BBN prior cases, but this is partially due to the effect of the database
structure coupling to thé and age priors. Only the LSS prigP5, red dot-dashallows the CMB to significantly constrain.. Panel 6
(bottom righ} shows good localization and consistency in thedetermination once any priors are applied. The inflation-motivéied
=1 priors(P10, P11 give very similar curves localized around unity. See Fig. 3 for the effect of the database and priors on these curves.

tabase such that these effective priors are extremely broadiith very highwy,, as shown in line P1 of Table | and in Fig.
This allows us to probe the dependence of our results oR. The low sound speed of these models couples with the
individually imposed priors. The choice of measure on theclosed geometry to fit the peak ndar200. These models
space is itself a prior; we have used a linear measure in ea‘?@quire very high values dfi and w,, and have extremely

of our variableq18]. Sufficiently restrictive priors can break |gw ages, so we have mapped out this region using a coarse
parameter degeneracies and result in more stringent limits odyiq. The dual-peaked projected likelihood functions shown
the cosmological parameters. Artificially restrictive data-re reflections of the complexity of the full nine-dimensional

bases or priors can lead to misleading results; thus, priorgajihood hypersurface. We note that parameter combina-

should be both well motivated and tested for stability. W_etions that appear to have a low probability based on the

the,r,efore regard it as essential that the role of “hidden P projected one-dimensional limits can fit the data quite well,
ors” in any choice forC, database construction be clearly

articulated. e.g., theQ;,=1 best-fit model of Fig. 1.

To illustrate the effects of the database structure and aq- Applylnt?] Weakl?{ restrlc;lve |3trr|]orslélmes PZ;P4 n dTabIg |
plied priors, we have plotted likelihood functions found us- ) MOVES the resull away rom e 'ow sound speed moaeis,
ing only the database and priciand no B98 datein Fig. 3 to a regime which is stable upon application of more restric-
These should be compared with those plotted in Fig. 2 whicfilV€ Priors, as shown in panels(top lef) and 4(bottom lefy
include the B98 constraints, as discussed below. We noWf Fig- 2. Given their gross conflict with many other cosmo-
turn to the results found by applying different priors, in the logical tests we do not advocate the “entire database” mod-

general order of weakest to strongest applied priors. els as representative of the actual universe, and we proceed
Our “entire database” analysis prefers closed modelgvith prior-limited analyses below.
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FIG. 3. (Colon Likelihood functions similar to those in Fig. 2, but computed without using the B98 data. These curves show the effect
of the database constraints and applied priors alone. The identification of the curves is the same as in Fig. 2, with the addition of the dotted
magenta curve in panels 2—6, which shows the likelihood given weak priors and the COBE DMR data. In panel 3, enlyetiecbntour
is shown for the prior only and prietDMR cases, while 1, 2, ando3(light black) contours are shown for SN1a. The curves for(B@id
blue) and P4(dashed blugare slightly separated in this figure, in contrast to Fig. 2, where they overlapped. Of particular interest here are
the slope induced acrosy,, the slight localization of) h? with the weak priors, and the significant localization(®h? andn, with just
weak+DMR+LSS (dotted magena

The analysis with weakly restrictive priotfB2—P4 finds  the very steep slope of the likelihood neg=0, however,
that the curvature is consistent with flat, while favoringeven this small shift change$(Q,=0)/La from 0.2 to
slightly closed models. The migration towali=0 as more 0.8. We also findZ(Q,=0)/L,,~0.8 if we use maximiza-
restrictive priors are applied, as shown in Table | and intion, rather than marginalization, in the code used for the
panel 1(top left) of Fig. 2, suggests caution in drawing any table. Additionally, we note that a downward shift of about
conclusion from the magnitude of the likelihood drop at5% in Q. occurs if the 10 Gyr age constraint is removed
0,=0. In fact, as is evident from Fig. 1, there are modelsfrom P2. These points, plus the obvious compatibility of the
with Q=0 that fit the data quite well. The likelihood curve data with the best-fif),,,=1 curve in Fig. 1, reinforces our
simply indicates that there are more models Wip<0 than  conclusion that there is no significant evidence in the B98
with Q>0 that fit the data well. data for nonzero curvature. The only valid conclusion to

We have taken special care to study the effect on th@raw from the data that we analyze in this paper is that the
likelihood distributions of choosing a different parametriza-geometry of the universe is close to flat.
tion of our database. For example, we have investigated the The baryon densitw,, is also well constrained. While our
likelihoods that result from a finely gridded database thatesults are highe(~3 of our o) than thew,, estimates from
usesQ., O, andh in place ofQ, w,, andw. to deter- light element abundancegg.g., 0.019-0.0024, 95% confi-
mine . This second method, restricted 19=0 models, dence[11]), it is most remarkable that our entirely indepen-
uses these different variable choices, gridding, and a condent method yields a result that is so close to the Big Bang
pletely different procedure and code which uses maximizaNucleosynthesiéBBN) value. The scalar spectral indexis
tion of the likelihood over other variables rather than mar-very stable once weak priors are applied, and is near the
ginalization. To compare with this second method, we haveralue expected from inflation. This weak prior analysis does
taken the database used for the table and mimicked the efiot yield a significant detection @, ; the Q. h? results in
fective priors due to the parameter limits of the second datafable | are suggestive of a detection, but are at least in part
base. The results found using these two parametrizations anftiven by the weak priors acting on limits of the database
codes agree quite well—in all cases the likelihood curve$19,20 as shown in Fig. 3. The values of are in the range
shift by at most a small fraction of their width. For example, of expectation of the models, but there is no clear detection.
for the applied priors of P2 the 95% confidence limits(®g, Note that the weak priors adopt the conservative restric-
shift from 0.99<0),<<1.24 for the method used in the table tion that the age of the universe exceeds 10 Gyr. Without
to 0.94<(0);<<1.27 for theQ, Q,, andh method. Due to this, the weakh prior still allows a contribution, albeit re-
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duced, from the higlw,, low sound speed, low age solution. A number of the cosmological parameters are highly cor-
With the age restriction, this solution is eliminated, and therelated, reflecting weak degeneracies in the broad but re-
weak BBN prior (,=<0.05) does not significantly change stricted|-space range that the B#®MR data cover13].

the constraint: thus, the “weak+BBN+age” (P4 and Some of these degeneracies can be broken with data at
“weak h+age” (P2 rows are essentially identical. higherl, as is visually evident in the radically different be-

In row P4a, we add a “CMB prior,” which uses the like- havior of the models of Fig. 1 beyord 600. To understand
lihood calculated using all prior CMB experiments as a priorne degeneracies within the context of these data, we have
for the B98rDMR analysis. This likelihood is calculated eypiored the structure of the parameter covariance matrix
using appropriate fllper funpuons, calibration uncertalntles,<AyiAy_>, both for the database parameters and the ones
correlations, and noise estimates for use in the Offset'logaerived]from them. They add motivation for the specific pa-
normal approximatiori2]. As would be expected given the rameter choices we have maf6]. Parameter eigenmodes
E;rger?i%v:n?sori?]pg?g Ofcﬁh?hggzgg?s;gg ?ﬁ;dg?leBe rSricc)) fr thefg,l?a] of the covariance matrix, found by rotating into prin-

. e : : . cipal components, explicity show the combinations of
only slightly modifies the B98-derived parameters, wit ysical database variables that give orthogonal error bars. A

; ; . nh
the most notable migration. Nonetheless, as much previo : . -
J b ﬁ;{-product is a rank-ordered set of eigenvalues, which show

analysis of the prior heterogeneous CMB datasets has sho o
[21], reasonably strong cosmological conclusions could githat for the current B98 data, three combinations of the seven

ready be drawn om, and Q.. Row P4b shows results ex- Parameters are determined to better than 10% _
cluding B98, for the weak prior case, through our machinery. We conclude that the B98 data are consistent with the
Thoughng and Q, have detections consistent with the B98 predictions of thg basic .|nflat|onary paradigm: that the cur-
results, no conclusions can be drawnag(though the “en-  vature of the universe is near zer}(=0) and that the
tire database” analysis does pick up the high, Q. re- primordial power spectrum is nearly scale invariami (
gion). We note that ifr,~0 is enforced, most variables re- =1). The slight preference that the current data show for
main unmoved, butg, which is well-correlated withr,, c_Iosed, _rath_er tha_n open, models is not, we believe, a statis-
moves closer to unity: for P4, P4a, P4b, we would haye tically s_lgmflcant |nd|cat|0n_ of nonzero curvature. A more
=0.97, 1.03, 1.02, respectively, and for P5, P5a, P5b, wé&onclusive statement awaits further_analysis o_f B98 d_ata,
would haven,=0.93, 0.98, 0.98. A prior probability of, and/or the results from other experiments, which will in-

based on ideas of early star formation would help to decreasg®@se the precision of the measured power spectrum.
the n, degree of freedom. We measure a strong detection of the baryon density

The Q, @y, andn results are stable to the addition of Qh?, a first for determinations of this parameter from CMB
a prior which imposes two constraints derived from Lssdata. The value that we measure is robust to the choice of
prior, and is both remarkably close to and significantly

observation§22]. The first is an estimate af? that requires
$22] 8 d (gggher than that given by the observed light element abun-

the theory in question to reproduce the local abundance
clusters of galaxies. The second is an estimate of a sha
parameter for the density power spectrum derived from ob
servations of galaxy clusterirj@3]. Adding LSS to the weak

h and BBN priors[P5, and panels &op center and 3(top

nces combined with BBN theory. Assuming tléxt,=1,
we find Q,h?=0.031+0.004.

Finally, we find that combining the B98 data with our
relatively weak prior representing LSS observations and with

right) of Fig. 2] breaks a degeneracy, yielding a detection ofU" other weak priors on the Hubble constant and the age of
ghv 9. 2] g y: yieing ! the universe yields a clear detection of both nonbaryonic

Q, that is consistent with “cosmic concordance” models. 3 0.00
This also occurs when LSS is added to only the prior CMBMatter OO(Qch =0.14707 and dark energy @,
data(P5b and22]). The LSS prior also strengthens the sta-:Q-Gﬁoﬁoé contributions to the total energy density in the
tistical significance of the determination 6f.h2. Panel 3 universe. The amount of dark energy that we measure is
(top right of Fig. 2 shows likelihood contours in th@,  robust to the inclusion of a prior ofd,, (shifting to €,
=1-Q,, vsQ, plane. Here we have plotted the LSS prior =0.67-90s for Q,=1), and to the inclusion of the prior
(P5, which strongly localizes the contoufg4] away from likelihood given by observations of high-redshift SN1la
the Q=0 axis, toward a region that is highly consistent (shifting to Q,=0.69'5.53 when both theQ,,=1 and the
with the supernova type l1a resul25]. Indeed, treating the SNla priors are includedThe perfect concordance between
SN1a likelihood as a prior does not change the results verthe completely independent detections Qf, from the
much, as indicated by row P12 and P13 of the table, to b€ME+LSS data and from the SN1a data is powerful support
compared with rows P5 and P11, respectively. for the notion that the universe is currently dominated by
The use of a strond prior alone yields results very simi- precisely the amount of dark energy necessary to provide
lar to those for the weak case. The strong BBN prior, zero curvature.
however, shifts many of the results from the weak BBN case. The analysis presented here andihmakes use of only
Our data indicate a highé),h? than BBN, and constraining a small fraction of the data obtained during the first Antarctic
it with the BBN prior shifts the values of several parametersflight of Boomerang. Work now in progress will increase the
including Q.h%, Q,, ng, and Q. Additional “strong precision of the power spectrum frokw 50 to 600, and ex-
prior” results (P8—P1] are shown in Table I, as an exercise tend the measurements to smaller angular scales, allowing
in the power of combining other constraints with CMB datayet more precise determinations of several of the cosmologi-
of this quality. cal parameters.
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