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Abstract. Using observed star formation rates at redshifts upg photometric redshifts. In practice a reliable classification
to z ~ 5, we calculate cosmic supernova rates for core collapgsased on either spectroscopy or light curves requires the SNe
and Type la supernovae. Together with supernova statistics &mtle~ 2 magnitudes above the detection limit. The uncertain-
detailed light curves, we estimate the number of supernovéies in the estimates are discussed extensively. We also discuss
and their distribution in redshift, that should be detectable iow the estimated rates depend on cosmology. Finally, some
differentfilters with various instruments, including both existingomments on effects of metallicity are included.

and future telescopes, in particular the NGST.

We find that the NGST should detect several tens of cokey words: cosmology: observations — stars: supernovae: gen-
collapse supernovae in a single frame. Most of these will leeal — stars: formation — nuclear reactions, nucleosynthesis,
core collapse supernovae with < z < 2, but about one abundances
third will have z > 2. Rates at 2 5 are highly uncertain.
For ground based-810 m class telescopes we prediet0.1
supernova per square arcmin togl = 27, with about twice as
many core collapse SNe as Type la’s. The typical redshift witt

bez ~ 1, with an extended tail up te ~ 2. Detectability of The cosmic star formation rate (SFR) has now been estimated
high redshift supernovae from ground is highly sensitive to thg to redshifts ~ 5. By combining the evolution of the 280
rest frame UV flux of the supernova, where line blanketing mayminosity density calculated from CFRS-galaxies (Lilly et al.
decrease the rates severely in filters belguni 1996) at redshifts < 1, and the 1508 luminosity density

In addition to the standard ‘Madau’ star formation rate, Wgg|culated from high redshift galaxies & 2) in the HDF found
discuss alternative models with flat star formation rate at hig,ly the Lyman dropout techniques, Madau et al. (1996) argue
redshifts. Especially for supernovaeza, 2 the rates of these that the SFR should peak atd = < 2. Complementary
models differ considerably, when seen as a function of redshif§. these, Connolly et al. (1997) have used HDF photometric
An advantage of using SNe to study the instantaneous star {@easurements, together with ground based near-IR photometry,
mation rate is that the SN rest frame optical to NIR is less af gerive the 2808 luminosity density at redshifts 0.5 z <
fected by dust extinction than the UV-light. However, if a large. These results are in good agreement in the region overlapping
fraction of the star formation occurs in galaxies with a very larggith the CFRS, supporting the case of a peak in the SFR. This
extinction the observed SN rate will be strongly affected. An agpnclusion is, however, sensitive to the fact that the rest frame
ditional advantage of using SNe is that these are not sensiqhﬁ,t may have been strongly attenuated by dust. Absorption
to selection effects caused by low surface brightness. by dust is especially severe for the UV-light, and since shorter

Different aspects of the search strategy is discussed, and {ist frame wavelengths are sampled at highéftis uncertainty
especially pointed out that unless the time interval between {i@reases with redshift.
observations spans at least 100 days for ground based searchesghe evolution of the SFR is reflected in the cosmic super-
and one year for NGST, a large fraction of the Type IIP Sipya rate (SNR). It should therefore, in principle, be possible
pernovae will be lost. Because of the time delay between theyse supernova (from now on SN) observations to distinguish
formation of the progenitor star and the eXp|OSi0n, Observatiqslétween Various star formation Scenarios_ Even more impor-
of z Z 1Type la supernovae may distinguish different progepant, core collapse SNe, i.e. Types Il and Ib/c, provide a direct
Itor scenarios. probe of the metallicity production with cosmic epoch. In real-

A major problem s the determination of the redshift of thesg, these relations are non-trivial to establish. When it comes to
faint supernovae, and various alternatives are discussed, incliske collapse SNe, the observational constraints at high redshifts
are nearly non-existent. Even at low redshift the statistics are
Send offprint requests 1d. Dahien severely affected by selection effects. A main problem comes
Correspondence tdomas@astro.su.se; claes@astro.su.se from the fact that core collapse SNe observationally show a
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large diversity, both in terms of luminosities and types, and witbllowing relations to transform from Vega based magnitudes to

uncertain distributions. In addition, dust absorption, as well &8 magnitudes: K=K/, — 1.84,J=35 — 0.82, 1 = Iy —

background contamination, affect the statistics. Neverthele8s}2 anl R = R,z — 0.17.

because of their importance for the nucleosynthesis, as well as

galaxy formation, direct observations of the rate of core col- :

lapse SNe are of high interest. It is therefore hardly surprisingz' Star formation rates

that this is one of the main goals for the Next Generation Spaggroblem when using UV-luminosity densities to calculate the

Telescope (NGST) (Stockman 1997). SFR is that these can be matched to almost any SFR, ranging
For Type la SNe, the unknown time delay between formatidrom a strongly peaked to a flat, or even increasing, SFR at

and explosion of the progenitors unties the link to the SFR,> 1, by adjusting the assumed extinction due to dust. By si-

making predictions more model dependent. Observations of thaltaneously using luminosity densities observed in different

Type la rate at high redshift therefore provides a possibility wavebands itis possible to break this degeneracy. Madau (1998)

distinguish different progenitor scenarios. used three bands (UV, optical and NIR) in order to derive a SFR
Inthis paper we present estimates for the expected numbettaft can simultaneously reproduce the evolution of the different

observable SNe forthe NGST, as well as for ground based instruminosity densities. He found a best fit for a universal extinc-

ments, and discuss various complications entering the analyi® Ep_y=0.1 with SMC-type dust. Despite corrections for

Previous studies include Madau et al. (1998a), Ruiz-Lapuente®sorption, the SFR still shows a pronounced peak-atzl<

Canal (1998), Jargensen et al. (1997), Miralda-EécudRees 2. This SFR is shown in Figl 1. A peaked SFR is predicted in

(1997), Sadat et al. (1998), Yungelson & Livio (1998). Witlscenarios where galaxies form hierarchically (e.g., Cole et al.

respect to most of these, our work differs in that we includ994). Although commonly used, this SFR is not universally

information about the light curve, as well as spectral evolutioagcepted and in Sect. 4 we discuss alternative SFR’s.

which allow us to predict the simultaneously observable num- Core collapse SNe, which originate from short lived mas-

ber of SNe. That this is important is obvious from the fact thaive stars (ages, 5 x 107 yrs), have an evolution that closely

a nearby SN seen at the tail of the light curve is indistinguisfellows the shape of the SFR. Assuming an immediate conver-

able from a more distant object at the peak. We divide the SKien of these stars to SNe renders a multiplicative faétor,

into different types with maximum absolute magnitudes ar8NR/SFR, between the SFR/(, yr—'Mpc~3) and the SNR

spectral distributions that varies with time and type. This al§gr—Mpc—3), wherek depends on the IMF and the mass range

introduces a large dispersion in magnitudes at a given redshiftthe progenitors. Here, we take

Neglect of these effects introduces a severe Malmquist bias. We S0

calculate the counts for different broad band filters, and include Jsar, " ®(M)dM

information about the expected redshift distribution of the d&- f125M® M®(M)dM @
s ; ; 0.1Mg

tected SNe. Some preliminary results were given in Bal&

Fransson (1998). Using a Salpeter IMF yield5=0.0064. Note that, for consis-

Sect. 2 describes our model. Results are presented in Seq:bﬁcy' the same IMF as assumed when deriving the SFR from

In Sect. 4 we discuss alternative star formation scenarios.tg luminosity densities should to be used. Using a Scalo IMF,

Sect. 5 we discuss how other cosmologies affect out results. Th&ead of a Salpeter IMF, decreases the conversion factor

effects of gravitational lensing are discussed in Sect. 6. Prgfetween the SFR and the SNR by a factor 2.6. A Scalo IMF,

lems concerning redshift determination are discussed in Sechdwever, also increases the SFR as derived from the UV lumi-

A general discussion follows in Sect. 8, and conclusions aigsities by a factor 2, hence cancelling most of the effect. The

given in Sect. 9. Throughout most of the paper we assume a flédson is that the same stars that produce the UV luminosities

cosmology withHy = 50 km s~! Mpc ™~ andQM 1, unless also explode as core collapse SNe.

otherwise stated. The lower mass limit for Type Il progenitors is generally
believed to be 811 M, (e.g., Timmes et al. 1996). Here we
choose 8M, a limit supported by e.g., Nomoto (1984). An

2. The model increase to 1M, would decreasé, and hence the SNR, by

~ 38%. Indications from especially the oxygen/iron ratio that

the most heavy stars form black holes and do not result in SNe,

Because of the strong UV deficiency in the spectrum of most $hétifies the use of 50/, as an upper limit to the progenitor

types, filters bluer than R are of little interest for higlstudies. mass (Tsujimoto et al. 1997). Other studies (e.g., Timmes et al.

For R (\ = 0.65 um) and | ¢ = 0.8 um) we use Cousins filters, 1995), however, find that stars with masses dowr 80 M

and in the near-IR (= 1.2 yum) and K (A = 2.1 um) filters. may result in black holes. An upper limit of 3@, instead of

For the M band we use a filter that we denote bY, Mhich 50 M, decreases by ~ 9%.

is centered om\ = 4.2 um with A/AX = 3. For the magni- The uncertainties concerning the origin of Type la SNe

tudes we use the AB-system wherg po»= —2.5log I, — 48.6 makes the relation between the rate of these SNe and the star

(Oke & Gunn 1983) F, in ergscnt? Hz—!'s~1). Here 1 nJy formation more ambiguous. The predicted SNR depends on the

corresponds to mp = 31.4. When needed, we have used theature of the SN progenitors. Yoshii et al. (1996) argue that the

2.1. Filters and magnitude system
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. IR Table 1. Adopted maximum absolute B magnitudes and dispersion in
I ] the AB-system. From Miller & Branch (1990), Cappellaro etal. (1997),
— Cappellaro et al. (1993) and Patat et al. (1994). Values are corrected

6; o | 1 & for extinction Ep_1=0.1, corresponding tel 5=0.32. The intrinsic

< r? 1 g fraction of exploding SNe of the different types are givenfby

N 1=2

N 1M SNType  (Mpo) o f

Bl 7 2 SNib/c 1844 039 0.23

2 19 & SNIIP -17.86 1.39 0.30

Tl i © SNIIL -18.38 051 0.30

TS 1 o SN87A-like  -15.43 1.0 0.15
b 19 = SNIIn -20.03 0.6 0.02

-5

0 1 2 3 4 5 6 7
Redshift

Fig. 1. SNRs for the model with dust extinctidfis _=0.1. The solid Wherde(fzk ~ 1.f_QQM _OQ/I:;md Slr:n IStfggg fol%nh_lfoﬂtkh>
line represent the rate of core collapse SNe. This scales directly witfnd forsin if €2, < (Misner et al. ). 182, = en

[Pyt 1 1 2
the SFR, given by the right hand axis. Dashed, dotted and dash-dot ‘Sinn’ and the €. | / terms are set equal to one. For the
lines represent the rate of Type la SNe with times delay@.3, 1.0 Standard CDM cosmology mainly used here, the distance mod-

and 3.0 Gyr, respectively. The rates of Type la SNe are normalized s is given byu(z)= 45.4 — 5log(H,/50km s~ Mpc™!)
fit the locally observed rates. + 5log[(1+2) — (1 + 2)'/2]. Further, K(z,t) gives the K-
correction, A, ¢ is the Galactic absorption, and; ;) is the

SNe la progenitor lifetime is probably restricted to 0EGyr. radially averaged absorption in the parent galaxy with inclina-

. . ) " tiond.
This range opens a possible way to observationally dlstlngws% = :
. : . or Type Ib/c, plateau Type IIP and linear Type IIL SNe
between progenitor models. Ruiz-Lapuente & Canal (1998) f'We use pégk magnri)tudes giv)(/a[; by Miller & Brancr):?lggo). The
that the more short-lived double-degenerate progenitor syst

; o : 4 gnitudes of the faint SN1987A-like SNe are not well known.
and the long-lived cataclysmic-like systems should yield SigNtfiare we adopt the magnitudes given by Cappellaro et al. (1993)
icantly different rates. ’

In thi tandard model the SFRs d ‘while magnitudes from Patat et al. (1994) are adopted for the
n IS paper we Use as a standard modet the s derl ée IIn SNe. The magnitudes given by these authors are, how-
by Madau (1998) to calculate the rates Of.bOth core coIIapg er, not corrected for absorption. Adopting an averagey =

?nd t'[]ype If:] SSII\\IAeé \tNe use ? ur:jwerssall e?tlnliﬂt]ﬁégl,vs—&tl,‘l 0.1yields amead 5 =0.41 mag. Taking the effect of the albedo
together wi “ype dustand a salpeter -1 S€CL-2 Wi the dust grains into account lowers the effective absorption.
investigate how a higher extinction affects the counts, and if e adopt an absorptiod ; = 0.32 mag, which is consistent

Is possible to use these counts to estimate the amount of dughy, he mean face-on absorption calculated by Hatano et al.
(1998) in their models for Type Il SN extinction. We have here

2.2.1. Core collapse SNe assumed that the absorption of the light from the parent galaxy

The SNR used is shown in FIg. 1. This is the intrinsic rate @}nd the SNe follow the same extmctl_on law, implying 'that the
Ne and the progenitor stars occur in the same environment,

exploding SNe, irrespective of magnitudes and spectral distfl; . : !
! : P which to some extent may be incorrect. If the first core collapse
butions. The apparent magnitude of a SN at redshdfta time . . . : :
: . . L SNe and their main sequence progenitors in a region sweeps
t off its peak magnitude (i.¢.can be negative) in a host galaxy : )
with inclinations observed in a filtef is given b away part of the shrouding dust, the absorption could be lower
! 9 y than calculated above. In Sect. 4 we return to this possibility. In
my(z,t,0) = My(t) + u(z) + Kp(z,t) + Ag s + (Aif) . (2) Table[1 we list the co.rrecte.d mean 'absolut('a B magnitgdes, as
well as the adopted dispersion in this quantity for the different
Here, M (t) is the absolute magnitude of the SN in filttat types at the peak of the light curve.
timet relative to the peak of the light curve(z) is the distance  For the evolution of the luminosity with time we use light
modulus, curves from Filippenko (1997) for the Type Ib/c’s, IIP’s, IIL’s
and the SN1987-like SNe. We have made some modifications to

p(z) = 5logdz(z) — 5. G the light curve for the IIP’s to achieve a better fit to the observed,
The luminosity distanceiy, is given by, as well as theoretical, light curves presented in Eastman et al.
(1994). For Type lin’s we use alight curve intermediate between
dp = (1+2) sinn{| Q1 ‘1/2 IIP and IIL. This seems adequate in view of the data presented
Hy | Q |12 ’ by Patat et al. (1994), who find that Type IlIn SNe can have

z ) 12 both linear and plateau shape, but there are also light curves
X/O [(1+2)7(1+ Qur2) — 2(2 4 2)] dz}.(4)  in-between these two.
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The K-correction is calculated by assuming modified blackae parent galaxy with inclinatiohaccording to the adopted ex-
bodies for the spectral distributions of the SNezAt 1 eventhe tinctionlaws. Gordon etal. (1997) show that the extinction curve
I-band corresponds to the rest UV part of the spectrum. The éar starburst galaxies lacks the Zlix”,&)ump, like an SMC-type
act spectral distribution in the blue and UV is therefore cruciadxtinction curve does, and shows a steep far-UV rise, interme-
Unfortunately, this part of the spectrum is relatively unexploretiate between a Milky Way and an SMC-like extinction curve.
even at lowz. UV observations of Type IIP’'s are especiallyThe observed increase with redshift of the UV-luminosity origi-
scarce. Only for the somewhat peculiar Type 1P SN1987A imates mainly from starburst/irregular systems (e.g., Brinchmann
there a good UV coverage (Pun et al. 1995). This showed at-al. 1998). This implies that a major part of the core collapse
ready~ 3 days after explosion a very strong UV deficit, similaBNe should be found in such galaxies, and an SMC-type extinc-
to Type la SNe. This is a result of the strong line blanketing liion curve should therefore be most appropriate when calculat-
lines from Fe Il, Fe lll, Ti Il and other iron peak elements (e.ging the absorption of the SNe light. The difference between an
Lucy 1987; Eastman & Kirshner 1989). Although the progersMC-type dust curve and a Milky Way-type extinction in the
itors of typical Type IIP’s probably are red supergiants, ratherteresting wavelength range is small. This is especially true for
than blue as for SN1987A, there is no reason why these idNe with a short wavelength cutoff in their spectral energy dis-
should be less abundant than in SN1987A. On the contrary, bébutions, but also a blackbody spectrum with, T < 7000 K
cause of the near absence of strong circumstellar interaction dnaps fast enough at short wavelengths for the precise form of
similar temperature evolution they are expected to have faitj/ absorption in this region to be less important.
similar UV spectra, as calculations by Eastman et al. (1994) also The dependence on inclination has been modeled by Hatano
show. Eastman et al. find that the UV blanketing sets in afteral. (1998). The absorption closely follows a (€03 behavior
~ 20 days when the effective temperature becomes less:thaap to high inclinations. We approximate their results(Hys ;)

7000 K. This coincides with the beginning of the plateau phase0.32[(cos) ! — 1]. Also the radial dependence of the absorp-
We therefore mimic the UV blanketing/ta 2 magnitude drop tionis discussed by Hatano et al. We simplify our calculations by
between 4008 and 30004, and a total cutoff short-wards of adopting their radially averaged value of the absorption. Divid-
30004, for the Type IIP and SN1987A-like SNe with.J; < ingthe host galaxies into different types increases the dispersion
7000 K. At higher T we assume non-truncated blackbodieigs absorption. Finally, the extinction may depend on the intrinsic
for these types. The time evolution of the spectra is modeled loyninosity and the metallicity of the host galaxy. This variation
changing the characteristic temperature of the blackbody curég®uld to some extent already be accounted for in the observed
to agree with the calculations by Eastman et al. At shock odlispersion of the peak magnitudes.

break a short interval of energetic UV radiation occurs with The SNe are divided into the five different groups, with frac-
< Teps S 109K, This only lasts a few hours, but may due tdions, f, representing the intrinsic fraction of exploding core col-
its high luminosity be observable to high(Klein et al. 1979; lapse SNe of the different types (i.e. irrespective of magnitude).
Blinnikov et al. 1998; Chugai et al. 1999). It then cools~to We estimatef by using the observedtios of discoveryf,s,
2.5x10* K at ~ 1 day and further teg 7000 K after~ 20 days. given by Cappellaro etal. (1993), who fitfig, (I1IP)~ f.p,(IIL),

At the plateau phase the temperature-iS000 K. Fors(Ib/c)=~= 0.3f s (1) and fops(1IN) > 0.2f 55 (11).

From the limited UV information of the Type lIL's SN The total number of Type II's is the sum of Type IIP, IIL,
1979C, SN 1980K and SN 1985L (Cappellaro et al. 1995), ah@87A-like and lin. Adding the Type Ib/c yields the total number
the Type IIn SN 1998S (Kirshner et al., private communic&f core collapse SNe. Cappellaro et al. (1997) argue that the
tion), we model the spectra of the IIL's and lIn’s by blackbodintrinsic fractions of 1In and 1987A-like should bglIn) =
spectra without cutoffs. The most extensive coverage of the Y&.02—0.05) (1) and f(1987A-like) = (0.10-0.30j(11). The lIP,
spectrum of a Type IIL exists for SN 1979C (Panagia 1983)L and Ib Types have approximately the same magnitudes, i.e.
By fitting blackbody spectra to the optical photometry, we finthe ratio of discovery should be close to the intrinsic fractions
that even after two months, when the color temperature is ofgtween these. Combining these values and assumptions leads
~ 6000 K, there is no indication of UV blanketing. On the corto our adopted intrinsic fractions in Talile 1. We note here that,
trary, there is throughout the evolution a fairly strong UV excessnfortunately, the rates of the different classes are affected by
consisting of continuum emission as well as lines, in particulairly large uncertainties.

Mg 11 2800A. The UV excess of these SNe is likely to be caused The observable number of SNe with different apparent mag-
by the interaction of the SN and its circumstellar medium. Thistudes is calculated by integrating the SNR over redshift. The
ionizes and heats the outer layers of the SN, decreasing the 8Ne are distributed between the different types according to
blanketing strongly. For the effective temperature as a functitreir intrinsic fractions, and are placed in parent galaxies with
of time we use the fits for SN 1979C by Branch et al. (1981linclinations between 0to 90¢°. An important feature of our
The Type Ib/c light curve is taken from Filippenko (1997) anchodel is that the number of SNe exploding each year are dis-
is assumed to have the same spectral characteristics as the Tyipated in time, and are given absolute magnitudes consistent
la (described further below). with their light curves. With this procedure we obtain the si-

The Galactic absorptiord, ¢, is taken to be zero in our multaneously observable number of SNe, including both those
modeling. This can easily be changed to other valued 0f. close to peak and those at late epoch. In order to actually detect
The term(A4; ¢(z)) adds the absorption due to internal dust ithe SNe, at least one more observation has to be made after an
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appropriate time has passed. In Sect. 8 we discuss the spacifi@~> SNe yr-! Mpc—3. The normalization at = 0 yields an
in time between observations. efficiency 0.04< 7 < 0.08, where the range is due to the fact
Forz > 5 we use a rate that is an extrapolation from lowehat different values of gives different; in order to reproduce
z. This certainly simplifies the actual situation drastically. Howthe local rates. The uncertainty in the local SNR is equivalent
ever, due to the large distance modulus and the decline in thean additional spread ipby a factor~ 3. The normalization
rate at highe, the fraction of SNe withk > 5is small, and hence to the local rate leads to an uncertainty in the Type la SNR at
the errors due to the uncertainty in the shape of the SER>at all redshifts that corresponds to the uncertainty in the local rate.
5. Furthermore, SNe with a spectral cutoff at short wavelengthkis implies an uncertainty by a facter 3 in the estimated
drop out at redshifts ~ A.;¢/4000 -1, where\. ;s isthe effec- Type la rates.
tive wavelength of the filter. In the R, I, J/l&and M filters this The treatment of absorption in the case of Type la SNe is
occursat ~ 0.65, 1.0, 2.0, 4.5 and 10, respectively. This makesore complicated than in the case of core collapse SNe, and
the contribution from SNe with higher redshifts insignificant. As therefore subject to larger uncertainties. The long time delay
caveat here is that lensing, as well as an early epoch of Popbiétween the formation of the progenitors and the explosion un-
SNe, may cause a significant deviation from this extrapolatidies the environmental link between these events. A (binary) star
These issues are discussed in Sect. 4 and Sect. 6. forming in a dusty starburst region may e.g. explode much later
as a Type la SN in a dust-free elliptical galaxy. Observations
show that Type la SNe do occur in both elliptical and spiral
galaxies. However, the fact that the major part of local Type la
When calculating the number of Type la SNe we employ tt&Ne are detected in spirals, together with observations that in-
same procedure as above. We use an extinction corrected p#eéite that the global fraction of ellipticals, or at least low-dust
magnitudeMp = -19.99 and dispersioa = 0.27, found by ellipticals, seems to decrease at increasing redshifts (Driver et
Miller & Branch (1990). The time delay between the formatioal. 1998) may justify our simplification of putting all the SNe
of the progenitor star and explosion of the SNe is treated in awayin spiral environments. Ignoring the elliptical parent galax-
similar to Madau et al. (1998a). Most likely, the progenitors aies leads to a slight overestimate of the absorption, and a slight
stars with mas8My < M < 8M (Nomoto et al. 1994). Stars underestimate of the SN detection rate.
forming at timet’ reach the white dwarf phase @t At s, Absorption in both the bulge and disk components of spiral
whereAt ,s=10(M /M) %5 Gyris the time spent on the maingalaxies have been calculated by Hatano et al. (1998). They find
sequence. After spending a timein the white dwarf phase, a somewhat smaller absorption for Type la SNe than for core
a fractionn of the progenitors explode as a result of binargollapse SNe. The Type la absorption is also less dependent on
accretion at = t' + Aty + 7. The SNR at time can then be the inclination of the parent galaxy. We use the disk component

2.2.2. Type la SNe

written results of Hatano et al. in our model for the absorption of the
t o Type la SNe. Fid.J1 show the intrinsic Type la SNRs for the
SNR(t) = W/t SER(t')dt three time delays used. Increasing the time delay shifts the peak

8Mo of the 1a’s towards lower redshift. The SFR (and the rate of core
~ / §(t—t' — Atys —7)p(M)dM, (5) collapse SNe) peak at~ 1.55, while the Type la rates in the
3Mg =0.3, 1 and 3 Gyr models peakat- 1.35,z ~ 1.16, anck ~

wheret 5 is the time corresponding to the redshift of the formd. 71, respectively.

tion of the first starsz . Arguments from Yoshii et al. (1996)  To describe the spectral energy distribution of the Type

and Ruiz-Lapuente & Canal (1998) indicate &3r <3Gyr. 1a SNe we use blackbody curves with a spectral cutoff-at

In the calculations we therefore use three different values #900A (e.g., Branch et al. 1983). The temperature is set to

the time delayr = 0.3, 1 and 3 Gyr. The = 0.3 Gyr model ap- 15000 K around the peak, decreasing to 6000 K aftéb days

proximately mimics the double degenerate case, while-the (€.9., Schurmann 1983). We have compared the K-corrections

1 Gyr model resembles the cataclysmic progenitor model. Withour model to those calculated from real spectra by Kim et al.

the additional = 3 Gyr the range is expanded to cover all likelf1996). The mean deviation in the R-band correction between

models. our modified black body curves and the detailed calculations by
The parametey in Eq. (6) is introduced to give the fractionKim et al. isAm ~ 0.1 mag. This agreement justifies the use

of stars in the interval—8 M, that result in Type la SNe, and isof the blackbody representation for the SN spectra. The average

determined by fitting the estimated SNRzat O to the locally Type la light curve is taken from Riess et al. (1999).

observed Type la rates. For an alternative approach based on

specific assumptions about the progenitors see Jgrgensen et al.

(1997). Results from local SN searches (Cappellaro et al. 19% Results

Tammann et al. 1994; Evans et al. 1989) give local rates of 0.12,

0.19, and 0.12 SNu, respectively (1 SNu= 1 SN per century pdsing the model above we can now estimate the observed num-

10'°L ). Adopting a mean of 0.14- 0.06 SNu (Madau et ber of SNe per square arcmin down to some limiting magnitude,

al. 1998a), and using a local B band luminosity estimated byluding corrections from extinction and the shift of the spec-

Ellis et al. (1996), leads to a local Type la rate of £30.6 trum with redshift.
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Fig. 2. Magnitudes as a function of redshift
3 A for different SN types in the I-band (left pan-
) els) and the K-band (right panels). Top pan-
. . Redshift els show SCDM Qs = 1, Q24 = 0), middle
N S o T panels show OCDM¢ s =0.3,Q24 =0) and
N N SNIP ot piateau — - — .1 lower panels shom\CDM (s = 0.3,04
I N i ACDM SNIL ot peak — — = 0.7). Dotted line shows Type IIP at peak
< <+ A 2::;" :t‘ ::;f - while the dash-dotted line shows the Type
N N :.\'\ g IIP at the plateau- 40 days after the explo-
2 © 20r ) sion. Dashed, dash-triple-dot and solid lines
- St x o1 show Type IIL, Type IlIn and Type la, respec-
o[ o tively. The magnitude for Type Ib/c’s at peak
S N follows the Type la’s, except for an offset of
ol ol Am ~ 1.5 mag towards fainter magnitudes.
" "t The magnitude of 1987A-like SNe resem-
oL §L bles the Type IIP at the plateau, but with
an offsetAm ~ 2.0 towards fainter magni-
Redshift Redshift tudes.

As an illustration, we show in Fifll 2 the peak magnitudesagnitude. Fig.]2 shows that the Type la’s and the Type IIP’s
(i.e. at~ 10—15 days after explosion) for Types IIP, IIL, lin andat the plateau drop out of the | and-Kand atz ~ 1 andz ~
la as a function of redshift. We also show the magnitude of4a5, respectively, as a result of their UV-cutoffs. In contrast, the
Type IIP at the plateau phase (agel0 days). The magnitude UV-bright Type IIL's and lIin’s stay relatively brightin the | band
for Type Ib/c’s at peak follows the Type Ia’s, except for an off-s&tven at high:.
of Am ~ 1.5 mag towards fainter magnitudes. The magnitude
of SN1987A-like SNe at the peak resembles the Type IIP at
plateau, but with an off-sehm ~ 2.0 towards fainter magni-
tudes. Besides the standard fiai; = 1 cosmology (hereafter The solid lines in Fid.3 show the number of predicted core
SCDM), we also show the apparent magnitudes for an opegsilapse SNe per square arcmin in the R, 1,akd M filters
cosmology (OCDM) with2,, = 0.3 and2, =0, and a flatA- for different limiting AB-magnitudes. Because of the drop in
dominated cosmology\CDM) w ith 2, = 0.3 and2, =0.7. the UV flux, bands bluer than R are of less interest for high
Note that the curves have a dispersion in magnitude accordirgshifts.
to values given in Tablg 1. The dispersion is largest for the Type According to the specifications, NGST should have a de-
IIP’s; the peak magnitude of these may vary by more than otestion limit of ~ 1 nJy in the J and Kbands and- 3 nJy in

tg.e_L. Core collapse rates
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Fig. 3. Number of SNe per square ar-
cmin that can be detected down to dif-
ferent limiting magnitudes in the R, I,
K’ and M bands. Solid lines represent
core collapse SNe. Dashed, dotted and
dash-dotted lines represent Type la SNe
with time delaysr=0.3, 1 and 3 Gyr, re-
spectively. Note that AB-magnitudes are
used.

Fig. 4. Redshift distribution of core col-
lapse SNe inthe R, I, J,/kand M filters
for limiting magnitudes mg=26 (left
panel) and m =31 (right panel).

the M band for a 16 s exposure with S/N=10 anf AX = 3 highest number of SNe at > 2. Note, however, that reaching
(Stockman 1997). These fluxes correspond to AB magnitudRsp ~ 26 is considerably easier thang or K/, 5 ~ 26 from

of Jap =31.4,K, 5 =31.4and M, 5 =30.2, respectively. Using ground. The smaller detector size in the latter bands is also a
these limits, we find that the’Kband yields the highest numbersevere limiting factor.

of core collapse SNe. In ax¥4 square arcmin field we predict

For SNe with redshifts > 5 we estimate- 1 SN per NGST

~ 45 simultaneously detectable core collapse SNe, with a mdaid in the M filter. The actual numbers of the highSNe are

redshift(z) = 1.9.

highly uncertain, since the SNR at> 5 is based on an extrap-

In Fig.[4 we show the redshift distribution in all bands foolation from lower redshifts. Also gravitational lensing may be
myp = 26 and myg = 31. For the lower magnitude limit oneimportant at these redshifts (see Sect. 6). However, independent
clearly sees the advantage of the infrared JalKd M bands of the actual numbers, we find that thé filter yields a factor
when it comes to detect SNe with> 1. This is, of course, even 2 2-5 higher counts compared to thefiter at these redshifts.
more pronounced for o = 31, with the M band having the
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We also find that NGST should be well suited to detect SNaused by SNe below the light curve peak. Also the number of
originating from a possible Pop Il at redshifts10. high redshift SNe witle > 2 increases by a large factor.

The R and | bands sample light with rest wavelengths short- Tabld2 gives some examples of our estimates for the number
ward of the peak in the blackbody curves at lower redshifts thahSNe for NGST, VLT/FORS and HST/WFPC2, all for an expo-
the J, K and M bands do. Besides the drop in luminosity dusure of 18 s and S/N = 10. For VLT/ISAAC and HST/NICMOS
to the spectral shape (an effect especially pronounced for SiNe small field and the relatively bright limiting magnitudes,
with strong UV blanketing), these wavelengths are affected bgmpared to NGST, do not result in more tha®.01 SNe per
larger extinction. The large K-correction decreases the ratedield. These instruments are therefore of limited interest when
the R and | bands, and few SNe with > 1 are detected in | it comes to detecting high-SNe.
and R, even for limiting magnitudes 29. Increases in these  So far we have discussed the number of SNe that are simul-
bands are instead caused by sampling SNe with fainter absotateeously observable during one search. To actually detect the
magnitudes at < 1. SNe, additional observations are obviously required. Preferen-

In Fig.[H we show the redshift distribution of core collapsgally, a series of observations of each field should be undertaken
and Type la SNe down tayls = 27 and K, 5 = 31, respectively. in order to obtain a good sampling of the light curves. This also
The total number of core collapse SNe is shown as the solid lideads to the detection of new SNe in the additional frames. The
in each panel. The lower solid line shows the fraction of thesember of new SNe depends on the total length of the search, and
coming from Type IIL and lIn SNe, which lack UV-cutoff in the spacing in time between each observation. As an illustration,
their spectrum over the whole light curve. Thesl= 27 panel in an idealized situation where a field is covered continuously
clearly demonstrates the dominance of these at high redshifiring one year, the detected number of SNe per square degree,
Besides these, only the fraction of Type IIP’s which are se&vith limit| 4,5 = 27, is increased from 260 in the first image,
near the peak, before UV blanketing sets in, contribute to ttee~ 1650 for the whole years coverage. This procedure is, of
SNewithz > 1.5. The K band is far less sensitive to this effectcourse, observationally unrealistic. Using 80 days between each
since the UV cutoff does not affect this filterat< 4.5. When observation (i.e~ five observations for a years coverage) re-
we compare the redshift distribution for K 27 and K = 31, sults in a total of 1150 different SNe. Using 40 days instead (
we note that the mean redshift does not change much. Howeten, observations) gives 1400 different SNe. Due to the time
the absolute number increases by a faetds. This is mainly
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dilatation factor(1 + z), one observes relatively fewer new SNNevertheless, this may be an interesting way of studying the
explosions at high redshifts compared to the first detection. shock breakout of SNe. Unfortunately, it may be difficult to
With NGST, using limits as above, we estimatd5 SNe in estimate the temperature and luminosity separately from this
each frame. The total number of different SNe in a field thattigpe of observations, because most of the observed evolution
covered continuously during one yearis68. This means that will be in the Rayleigh-Jeans part of the spectrum. Soft X-rays,
in addition to the~ 45 SNe observed in the first field, only23 as proposed by Klein et al., is here a better probe.
new SNe have exploded during the year. With three observations
and 180 days between the observation$3 different SNe are 3.2. Type la SNe
detected.
Compared to earlier estimates, our use of complete lighig.[3 shows thatinthe R and | bands the number of core collapse
curves during the whole evolution, as well as distribution &Ne is comparable or larger than the number of Type la SNe
the SNe over time, results in a larger number of SNe, as whil magnitudes fainter tha@5—26. The exact crossing point
as a realistic distribution over redshift for a given magnituddepends on the life time of the SN la progenitors, as well as
For example, with the same SFR and extinction, Madau et tile Type la normalization at low. In the K and M bands core
(1998a) predict- 7 SNe per NGST field per year in the rangeollapse SNe tend to dominate at all magnitudes. The reason for
2 < z < 4. Our calculations result in- 22. The difference this difference is that the Type la SNe have a higher effective
is due to the fact that we use light curves covering the whdkemperature over a longer period than the Type Il SNe. The
evolution, which allow us to include SNe at all epochs, insteaxptical to IR flux ratio is therefore higher for the Type la’s.
of only those at peak, which is the case in Madau et al. To illustrate the dependence on the progenitor life time,
Fig.[3 gives the number of Type la SNe for= 0.3, 1 and
3 Gyr in the different filters. Fidl3 shows that a change in the
progenitor life time, introduces a non-negligible variation in
Chugai et al. (1999) have noticed that the short peak in the lighe predicted number of observable SNe. For example, with an
curve connected with the shock breakout may give rise toNE5ST detection limit, K, ; = 31.4, we predict- 8 SNe for
transient event with a duration of a few hours. The possibilithe two low values of-, and~ 5 for - = 3 Gyr. Observations
to observe this was pointed out already by Klein et al. (1979), the | band with limits and field as for the VLT/FORS (see
although they concentrated mainly on the soft X-ray range. Table[2) results in 0.8, 1.1, and 1.8 SNe for increasing values
Based on aradiation-hydrodynamics code, similar to thataff 7. Counts may therefore seem like a useful probe to distin-
Eastman et al. (1994), Chugai et al. have calculated monochygaish between different progenitor models (Ruiz-Lapuente &
matic light curves for a Type IIP SN (or rather a scaled SRanal 1998). However, the uncertainty in the modeling, espe-
1987A model) and a Type llb (specifically SN1993J). With aially in the normalization of the Type larates to the local value,
short time interval between observations these SNe will be easakes the counts highly model dependent. In next section we
ily distinguishable from the Type la and Ib/c SNe, which havghow that this is further hampered by the additional dispersion
arise time of > 20 days (at 2 1), and therefore only show introduced when considering alternative star formation and ex-
a modest change in luminosity. A major problem in comparirtnction models.
their results to ours is that it is not discussed how they ob- If both SN type and redshift information are available for
tain their adopted intrinsic SNR’s, although they approximatetiie observed SNe, it may be possible to use the redshift distri-
agree with those used in this paper, as well as Madau (1998)tion of the SNe to distinguish between progenitor scenarios.
They also neglect dust extinction in their calculations. Figs[1 and b show that the peak in the SNR moves to lavesr
Using this model, Chugai et al. find that two deep exposuresincreases. Also, the high redshift cutoff in the rates depends
separated by 10 days, resultin 1.3 Type Il SNe inthe &.8.8  strongly onr. Fig.[l shows that the rates decrease towards zero
square arcmin field of the VLT/FORS camera, using limig = at redshifts: ~ 5.5,z ~ 3.5 andz ~ 1.5, for models withr =
28.2. In the calculations Chugai et al. assume that all SNe wiit8 Gyr, 7 = 1 Gyr andr = 3 Gyr, respectively. To reach these
z < 2 are detected with this limit. redshifts, filters unaffected by the UV cutoff must be used (i.e.,
Using our hierarchical model, which gives approximately. ;s 2 4000(1+) A). Fig.[d shows that the I filter is insensitive
the same SNR up te ~ 2, and the same observational set-upo Type la’s atz = 1.5, due to the spectral cutoff. Using the
as Chugai et al., our calculations result~n0.27 SNe. The K’ filter (lower panels of Fid.J5) makes it possible to sample
reason for our lower estimate is that Chugai et al. assumeallitypes of SNe up to: ~ 5, which is therefore most suit-
Type Il SNe to have the same steep initial rise as the Type WBle for distinguishing different progenitor models. As already
and llb. In our model we do not include any shock breakout fanentioned, this requires a determination of both SN type and
Types IIL and lIn, since the early time behavior of these Shdshift. A discussion of methods and problems regarding this
types is not well knownlf we do include all Type Il SNe, our follows in Sect. 7.
estimate increases to 0.66 SNe. The remaining discrepancy isThe only observational estimate of a Type la SNR at mod-
mainly caused by the simplification Chugai etal. do by assumiegate redshift is by Pain et al. (1996). From a careful analysis,
that all SNe withz < 2 are detected, combined with the factising realistic light curves and spectra, they find a Type la rate

that they do not include dust extinction in their calculationst z ~ 0.4 of 34.4339 SNe yr! deg™? for 21.5< Rap <

3.1.1. Shock breakout supernovae
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Table 2. Estimated number of SNe per field for different instruments. The limiting magnitudes are given fts expdsure and S/N=10.

Instrument Field Filter  limit Core collapse Type ta«(1 Gyr)
(arcmirt) (mag) N(tot) N(z>1) N(z>2) N(ot) NE>1) N(z>2)
NGST 16 M 30.2 37 33 15 6.3 4.8 1.2
NGST 16 K 314 45 40 16 8.5 6.5 1.6
NGST 16 J 314 27 22 5 6.3 4.4 0.6
VLT/FORS 46 | 26.6 2.4 0.9 0.05 11 0.3 -
VLT/FORS 46 R 26.8 1.6 0.7 0.03 0.57 0.03 -
HST/WFPC2 5 I 27.0 0.36 0.16 0.02 0.15 0.05 -
HST/WFPC2 5 R 27.5 0.30 0.15 0.02 0.09 0.01 -

22.5. Using the same magnitude interval, and counting the SNe Type la, before peak, | filter

exploding during one year, we firiéd-24 SNe yr! deg? for ‘T‘A
7 = 0.3-3 Gyr, where the lower number corresponds tothe * E oL TR
= 0.3 Gyr model. The mean redshift of these SNe is in our caE 5 o

culation(z) ~ 0.35. These results seem to agree well, possung

favoring a high value of. Note, however, that our estimated g

rate of Type la’s is highly dependent on the normalization sé

by the local rate of these SNe (i.e., the efficiency paramgter a. )
We have already seen that the uncertainty in this normahzaﬂéfh g

may be a factor- 3. S
8 7=0.3 Gyr ]
. 1S T=1Gyr _ __ _
3.2.1. Number of pre-maximum Type la SNe 2 T=3Gyr ... 1

<«

The number of simultaneously detectable SNe discussed abovés ' . .

is aresult of events over the whole light curve. Using Type Ia’s as 25 24 L.25. . 26 27 28 29

. . . imiting magnitude

standard candles for determination(&f requires observations

at the peak of the light curve, i.e that a first detection is madeFag. 6. The number of simultaneously detectable Type la SNe on the

the rising part of the light curve. We estimate the number of subiping part of the light curve for the I filter for three different values of

SNe by assuming that the comoving rise time is 15 daysl:FlgTbUpper sets of curves show the total number of SNe, while the lower

shows the number of Type la SNe down to different limiting"®W SNe with: >1.

magnitudes before the peak of the light curve in the | filter for

the three values of. Also shown is the number of such SNe

with z > 1 (the lower sets of curves). An | band survey coveringfar formation is hidden by dust. Several other estimates, based

a one square degree field with limiting magnitudg; |~ 27, on observations of high-galaxies (eg. Sawicki & Yee 1998;

will detect16-31 pre-maximum Type la SNe (lower numbers foEllingson et al. 1996; Soifer et al. 1998), support a higher ex-

lower values of-), corresponding te- 30% of the total number. tinction of Eg_y ~ 0.3. Observations of the far-infrared extra-

About5-8 of the pre-maximum Type la’s have redshifts- 1. galactic background (Burigana et al. 1997) also seem consistent

These numbers are, again, sensitive to the local rate of Typavith a higher extinction.

SN. With an extinction ofEg_y ~ 0.3 it is likely that the ob-
served peak inthe SFR derived from UV-luminosities isillusive,
and that the star formation history is compatible with a more

4. Alternative star formation scenarios constant rate, as in a monolithic collapse scenario (e.g., Larson

1974; Ortolani et al. 1995). In this model galaxy formation is

thought to have occurred during a relatively short epoch at high

There are several claims that an extinctibp_1,=0.1, as es- redshift,zr 2 5. This yields a SFR that increases framx 0

timated by Madau (1998) and used here, is too low. Meurertet: ~ 1.5 and then stays almost constant up t¢; 5. A SFR

al. (1997) use the ratio between the far-IR and UV fluxes a®fthis form may be compatible also with a hierarchical model,

probe of the dust extinction in a galaxy, and find that the higts shown in a recent paper by Somerville & Primack (1998).

redshift UV dropout galaxies may have a UV absorption of 2-3 It should be noted that although there is much in favor for

mag. Using ISO observations of the HDF, Rowan-Robinsonrabdels with a flat SFR ta > 5, they tend to over-predict

al. (1997) estimate that only a third of the star formation is réhe metallicity in the regionr ~ 2—3, compared to estimates

vealed by the UV-luminosity, with the rest shrouded by dustom damped Lymarnx systems (Blain et al. 1999; Madau et al.

Observations with SCUBA at 85@m (Hughes et al. 1998; 1998b; Pei et al. 1998). These models also seem to over-predict

Smail et al. 1997) also indicate that a large fraction of the eatlye local K-band luminosity (Madau et al. 1998b).

4.1. High extinction models
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We have calculated the SFR and the resulting SNRs for this' F———rrrrr—r—rrrrrrrrr——rr
high dust scenario by adjusting the observed UV luminosities of = | :;::f::’“'ﬂat R et
Lilly etal. (1996) and Madau (1998) to an extinctiop E,=0.3. r Low dust, flat SFR - - - - - - ]
We also increase the local SFR in this model so that the observed ]
B band luminosity density of Ellis et al. (1996) is reproducedy 7 |
The onset of star formation is set4p =5, while at even higher <~ [
redshifts the SFR declines quickly. In Sect.4.3 we comment
on how higher values of > affect the estimated rates. For the% C
normalization of the type la’'s at = 0, we assume that the ;T -
increase in the intrinsic local B-band luminosity density should
lead to an increase in the Type la rate by approximately the same
amount. In Fig.l7 we show this SFR and the intrinsic SNR for ~ F
both core collapse SNe and Type la SNe, assumiagl Gyr Ce I
(dashed lines). 0 1

yr/M
log (SFR MQ/yr/Mpc3)

2 3
Redshift

Fig. 7. Intrinsic SNRs for the three different models. Solid lines show
the hierarchical model witl’s_y = 0.1, dashed lines show the high
The model above combines a high star formation at high rejist model withz; - = 0.3 and flat SFR at high, and dotted lines
shifts with a high extinction in order to match the same of§"0W the model witl's_ =0.1and a flat SFR at high Upper lines
served luminosity densities. Another alternative scenario is 3ipV e rates of core collapse SNe. These scale directly with the SFR,

. . L . .. given on the right axis. Lower lines show the rate of Type lafer
mpreasgd SFR at high put a low extinction, as in t.he original 1.0 Gyr model for each of the SFR models.
hierarchical model. Evidence for such a scenario come from

Pascarelle et al. (1998), who calculate the evolution of the UV
luminosity density up ta ~ 6 from~ 1000 galaxies with photo- jjjystrates that the observed SNR may serve as an independent
metric redshifts in the HDF. Taking the effects of cosmologicgkobe for the instantaneous SFR that is not subject to the same
surface brightness dimming into account and using a limitifigh uncertainty due to the unknown amount of dust extinction
surface brightness independent of redshift, they argue that faehe UV-luminosity is.
claimed UV luminosity density decrease at> 2 is mainly For comparatively bright limiting magnitudes, that do not
caused by a selection effect. Further, Hu et al. (1998) show thgéhe SNe above the proposed peak in the hierarchical scenario,
an increasing fraction of the total SFR at high redshift tak@ge two models witt;_1,=0.1 give, by construction, the same
place in Lyv emitters, and find that the fractionat- 3 may be result. Observations must reach SNe-at 2 before the rates
comparable to that derived from the dropout galaxies. Most &t to differ.
these ObjectS would not show up in a survey such as the HDF, Except for the rare Type ||n'S, a SN at peak magnitude at
due to their low surface brightness. There is, however, no reason 2 has K, = 27, making NGST necessary for this type of
why SNe in these galaxies should not be detectable, especigii¢ervations. As an illustration, Talile 3 shows to what extent
since the authors argue that the extinction in these objects shadigs of core collapse SNe are useful to constrain the SFR at
below. _ high redshifts. For core collapse SNe with> 2, NGST should

To mimic this scenario we have constructed a SFR witfetect~ 3 and~ 2 times higher rates for the high-dust-flat-SFR
low extinction, Bz _=0.1, that increases like the hierarchicahodel and the low-dust-flat-SFR model, respectively, compared

model up toz ~ 1.5, but stays flat at higher redshifts up to & the hierarchical model. At > 4 these factors are 5 and
formation redshiftzz = 5. The normalization of the Type la’s . 4.

atz=0 iS the same as in the hierarchical m0de|. Th|S SFR and Dueto the Short Ume interval between formation and explo_
corresponding SNRs are shown in . 7 as the dotted line. sjon in the case of core collapse SNe the choice of formation
redshift enters only for observations that are deep enough to
4.3. Results for alternative dust and star formation models actually probe:x. Table[3 shows the variation of the estimated
number of core collapse SNe with> 5 in the two models with
We have repeated our calculations in Sect. 3 for the two adgist SER as:r is changed fromp = 5 t0 2 = 7 andzp = 10.
tional scenarios described above. In the optical filters (probifgte that more than 10% of the SNe in thé band have a red-
rest-frame UV to optical), the increased SFR in the high dugift > 5 in these models, comparedta% in the hierarchical
modelis mostly compensated for by higher extinction, resultiggodel.
in observed rates that are onty10% above those in the hier-  oyr calculations show a modest increase in the number of
archical scenario. The NIR filters (probing rest-frame optical HBpe la’s for the high dust scenario, compared to the hierarchi-
NIR) are less affected by extinction, which leads to a fastor ¢4 scenario, at magnitudes brighter thar25. At magnitudes
2 higher rates in the high dust model, compared to the hierggyrespondingte > 1, the differences are considerably larger.
chical model. The estimates differ even more when comparifgjs is also true for the scenario with flat highfSFR and low
high redshift subsamples, i.e. when = 2 is observed. This gxtinction, but the increase is modest, and it does not start be-

4.2. Low extinction models
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Table 3. Estimated number of core collapse SNe per sq. arcmin in thend K band for different SFR and dust models. N(tot) gives the total
number of SNe, while the other columns gives the number of SNe with a redshift above different specified values. The two models with flat
SFR at highz has a formation redshiftz = 5, except in the two rightmost columns where the formation redshift is sgt to7 andzr = 10,

respectively.

Model Ep_yv  Limit  N(tot) N(z>1) N(E >2) N(z>4) N(z>5) N(z>5) N(z>b5)
MaB zr =7 zr =10
Hierarchical 0.1 M=30 2.2 1.9 0.85 0.11 0.05 0.05 0.05
K’'=31 2.6 2.2 0.86 0.06 0.02 0.02 0.02
High dust, 0.3 M=30 6.6 6.0 3.6 0.72 - 0.75 1.0
flat SFR K=31 5.8 5.2 2.6 0.29 - 0.15 0.20
Low dust, 0.1 M=30 3.2 2.9 1.9 0.42 - 0.44 0.63
flat SFR K=31 35 3.1 1.7 0.25 - 0.14 0.20

fore z ~ 1.5 As an illustration, Fid.]8 shows for the= 1 Gyr their progenitors sweep away the dust, making the extinction
model that for K,; < 31.4, the number of Type la SNe in-lower for a large fraction of the SNe relative to the stars that
creases by a facter 2 for the two models with flat SFR at highproduce the UV luminosity. We have studied this scenario by
z, compared to the hierarchical model. Including the full ranggmply neglecting the extinction of the SNe in the two models
of 7 and different star formation scenarios, the NGST showldth EF5_y, =0.1 (notincluded in Tablg 3). The main difference
detect between-525 Type la SNe per field in the’Kband. For occurs for the optical bands, where the effect of a lower extinc-
the ground based limit4g = 27, the number of Type la SNetion is largest. In the | band the counts increase by a fastor
increases by a factor 1-4L.9 for the high dust scenario, and &, whereas the counts increase by a faetdr.4 in the K band
factor 1.0-1.8 for the low dust scenario with flat SFR (smallefor limits K’, ; < 27. At fainter K limits, i.e. reaching beyond
increase for lower values af). the peak region, the differences decrease because a majority of
If 7is long, stars formed at early cosmological epochs mayl SNe is detected in both models, despite the different amount
survive until low redshifts before ending as Type la SNe. Theref absorption. For K ; = 31.4 the increase is therefore only
fore, the increased star formation at high redshifts in the tvi©%.
constant SFR models makes the rate of Type la SNe sensitive
to the assumed formation redshifty. The choice ofzr af- 5 pependence on cosmology

fects the SNR down to a redshift corresponding to a time _
t = tp 4+ Atyg + 7. Increasingzy to > 5 increases the ratesBesides the standard flét,; = 1 cosmology (SCDM) used so

atz =27,z >20andz > 1.0forr =0.3, 1 and 3Gyr, far, we have also studied two additional cosmologies; one open

respectively. For example, with= 1 Gyr the highs cutoff in cosmology (OCDM) witht2,, = 0.3 and2, = 0, and one flat,

the Type la rate occurs at~ 2.5 for the two models with flat A-dominated cosmologyy(CDM) with €2, =0.3 and2, =0.7.

SFR and:x = 5 (see Fid.]7). With» = 7 andz = 10 the cutoff The most obvious effect of a different cosmology comes from

in the rates moves to ~ 3.0 andz ~ 3.4, respectively. This the luminosity distanced, (Eg. (5)). Changing from SCDM

effect is larger for smaller values of to OCDM andACDM increases the distance modulus, making
As earlier mentioned, a further possibility that may incread@e high= SNe fainter (Egs. (4) & (5)), as seen in Hib. 2. The

the predicted counts of core collapse SNe is if the first SNe aifigreased distance modulus in the OCDM &@DM cosmolo-
gies also affects the intrinsic star formation rates used. A larger
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To L ".’o A =0.3,Q24 =0) andACDM (s = 0.3,
=22 24 26 28 30 —24 26 28 30 32 Qa =0.7). For the Type la rates we as-
Limiting magnitude Limiting magnitude sume a delay time = 1 Gyr.

distance modulusimplies anincrease in the absolute magnitutethe total rates. Note, however, that a Type la at peak mag-
of the galaxies from which the star formation rate, and henngude has m~ 25 atz ~ 1. This means that using SNe seen

also the supernova rates, are derived. As expected, these dtvpeak allows probing of the region where the rates start to
effects, i.e. fainter apparent SNe and an increased SNR, alntier between the cosmological models at more moderate lim-
cancel when it comes to the observed number of core collaftigy magnitudes. Ruiz-Lapuente & Canal (1998) discuss the

SNe per square angle. use of Type la’s to distinguish between different cosmologies.
The cosmology also affects the volume element, given byn Sect. 8 we comment on their results.
42 The increased Type la rates at higHor the alternative
av = L d(dpr)dS, (6) cosmologies means that the redshift cutoff moves to higher red-

2 72

(1+ Qe Hdy,) '/ shifts. This cutoff is also highly dependent on the delay time
whered), is the proper motion distancéy; = (1+z)~'dz. The  r (see FigilL). It is, however, somewhat less dependent on the
luminosity distancedr, is given by Eq. (5). The change in vol-SFR. Therefore, if is known, it should be possible to constrain
ume element affects the SNRs when expressed in units numip@rcosmology, even if the SFR is not accurately known. As an
of SNe per Mpé per yr. It does not, however, change the estijustration, including all SFR scenarios, and using 1 Gyr (-
mated rates of observed core collapse SNe expressed in nunabgiGyr), results in a cutoff in the Type la ratesza2.5-3.5
of SNe per square angle. This is due to the fact that the c@1e2—1.5) for the SCDM cosmology, while the drop is at
collapse SNR is directly proportional the observed luminosip/9—-4.9 (1.6-2.2) and: 3.2—5.3 (1.9-2.6) for the OCDM and
density of galaxies, which is calculated from the number gfCDM cosmologies, respectively. The higher values in these

galaxies per redshift interval for a specific angle over the skdshift ranges correspond to the hierarchical star formation
an observational quantity independent of cosmology. scenario.

When it comes to the Type la SNe, the volume element
enters the calculations since the time between the formatié)n
of the progenitor star and the explosion of the SN may be a
significant fraction of the Hubble time. This dependency dn a recent paper Marri & Ferrara (1998) study the effects of
cosmology increases as the delay timiacreases. The generalgravitational lensing (GL) on high-objects, in particular Type
trend is an increased SNR for the alternative cosmologiesliaBNe, for a hierarchical model of galaxy formation. For the
high redshift. three flat cosmologies they study (SCDM wéth; =1, LCDM

Fig[9 show the estimated number per square arcmin of cavith Q,, =0.4,Q, = 0.6 and CHDM with2; =0.7,92, =0.3),
collapse and Type la (using= 1 Gyr) SNe inthe | and Kiilters  they find that there is at least a 10% chance that objects with
down to differentlimiting magnitudes for the three cosmologies,> 4 are magnified by a factgr, 3. To estimate the effects of
using the hierarchical model for star formation. GL on our results we have therefore used their magnification

For the number of core collapse SNe the effect of changipgobabilities on our model (i.e. their Figs. 4 and 5).
cosmology is small for the reasons discussed above. Only at theFor the SCDM model, which yields the highest magnifica-
very faintest magnitudes is there significant deviation betwegon, we find that the increase in the total number of core collapse
the models. At K= 31, the estimated rates increase by a fact8Ne is only a few percent when using the NGST limits (M
~ 1.5 when changing from SCDM thCDM. = 30.2 and K, ; = 31.4). The effects are even smaller for the

The estimated rates of Type la SNe differ at faint magnitudskorter wavelength bands. The reason for the small effect is that
by up to a factor two between the cosmologies. Fer1 Gyr with the faint limits of the NGST almost all SNe up to~ 4
the intrinsic rates of the OCDM antiCDM models are higher are detected even without magnification, and that the number
than the SCDM at redshifts 2> 1. It is, however, necessaryof SNe with even highet, where the magnification has largest
to reach faint magnitudes (K~ 28) to observe this increaseeffect, is relatively small.

Gravitational lensing
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More interesting, for SNe with >4 we find, when using the later stages in the plateau phase the spectrum does not change
NGST M limit, an increase by~ 20% of the predicted counts.much. An important aspect is that the UV cutoff-at4000A
For SNe withz 2> 9 the increase is- 40%. It should, how- has now developed to its full extent, and the UV is essentially
ever, be noted that estimates presented by Porciani & Maddack. This is probably the most useful feature for identifying
(1998) give a much lower probability for substantial magnhigh redshift SNe photometrically. The extent of this UV drop
fication compared to the Marri & Ferrara results used in theay, as we discuss below, depend on the metallicity. The UV
estimates above. The reason for this seems to be that Marrcdtoff has a very pronounced effect on the optical color indices
Ferrara assume point-like lenses, whereas Porciani & Madstu < 1, with strong increases in the B-I, V-1 and R-I indices
use a more realistic mass distribution characterized by singii-successively larger. Forz 2 1 the J-1 and K-I, and finally
lar isothermal spheres. Therefore, the effects of gravitatiork&l, are most useful due to the essential disappearance of the
lensing presented here could be overestimated. SNe in the optical.

A problem with photometric redshifts of SNe, compared to
galaxies, is that the colors, as we have seen, depend sensitively
on the epoch. In addition, they depend on SN type. E.g., Type
A major problem when comparing predictions from differeriiL’s have less UV blanketing, while the Type la’s have a rapid
scenarios to observations is the determination of the SN relvelopment of the UV cutoff. To break this strong degeneracy
shift. A direct spectroscopic determination with a resolutioihis essential to have information about both SN type and epoch.
of 2 100 is only possible for SNe more than two magnituddsis therefore necessary to obtain reasonable light curves, i.e. a
brighter that the limiting magnitude, i.eqk ~ 25 for 810 fairly large number> 5—10, observations of the field. A com-

m class telescopes and,l§ ~ 28.5 for the NGST. To reach plete analysis can therefore be quite costly in terms of observing
fainter magnitudes the main alternative is photometric redshifisie.

of either the host galaxy or the SN. Photometric redshifts for An alternative redshift method may be to use reasonably
galaxies have been discussed extensively by e.g.aRdez- well sampled light curves in combination with the cosmic time
Soto et al. (1999), Yee (1998), Gwyn (1995) and Connolly dilation. For Type la SNe one can safely assume a standard light
al. (1995). The fact that a large fraction of the star formation wqurve. Although the absolute luminosity can vary by a large fac-
to z = 1 occurs in dwarf galaxies, as well as the cosmologicalr, Type IIP’s have a fairly well defined duration of the plateau
dimming, can make such a determination difficult. An alternghase, which lasts- 100 days. Also Type lIL's and Ib’s and
tive is to estimate a photometric redshift directly from the SNc’s have reasonably standardized light curves. From the ob-
A problem here is that the SN spectrum changes with both typerved light curve one can then, at least for SNe with 1,

and epoch. get an approximate redshift within 25% from a comparison

To examine this possibility we have determined broad bamdth the low z light curve templates. However, since the light
colors for the different types of SNe as function of epoch ardirve should be followed over a decline of absu®2 magni-
redshift. As an example we show in Hig] 10 the color indiceades in order to achieve a type specific light curve, the gain in
for a Type IIP SN as function of redshift at different phasesgepth by using photometry instead of multi object spectroscopy
The spectra are taken from the synthetic spectra calculateddynarginal. The photometric accuracy also decreases for these
Eastman et al. (1994). These spectra assume LTE, but may newels and the actual limit may be even higher than two magni-
ertheless give a good impression of the qualitative evolutiontudes. Therefore, in practice little is probably gained compared

At early time, before~ 20 days the spectrum is a fairlyto direct spectroscopy.
smooth blackbody without a strong UV cutoff. The color in-
dices do therefore not change dramatically with redshift. At

7. Redshift determinations
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8. Discussion 8.2. Dependence on metallicity

8.1. Uncertainties in the models With increasing redshift the mean metallicity decreases, al-

. o .. though the dispersion may be higher that at present. It is there-
A major source of uncertainty is the treatment of dust extinctiop, : .

) . ore interesting to discuss the consequences of a lower general
In Sect. 4 we showed how different assumptions about the dH}%tallicity

extinction affect the estimated rates. An underlying assumption For Type la SNe, Kobayashi et al. (1998) argue that for one

in each of the calculations is that the same amount of dust affegts, 0 likely progenitor scenarios, based on super-soft X-

the UV-luminosity from the high= galaxies (used to calculate L "
the SNR) and the light from the SNe. If the UV-luminosity Orig_ray binaries, the necessary condition for a Chandrasekhar mass

. . . . . . xplosion may not occur for a metallici <017
inates from regions with dust properties thatdlffercon5|derabg%pq 0 ay not occur Tor a CW_ a5 SO
from the redions where the SNe originates. an extra dispers. nnS|stent with the decrease in the galactic [Fe/O] ratio at this
. €9 9 g pers etallicity. The physical reason can be traced to the peak in
in the estimated rates should be expected. It is, however, diff|

. N . e opacity curve at- 10° K, produced by iron. In the scenario
cult to estimate the uncertainties in the rates introduced by this, . : .
since the distribution of the dust within the galaxies at high I'b§/ Kobayashi et al., this corresponds to a drop in the Type la

poorly known rate atz ~ 1.2. At higher redshifts Type la explosions are in-

Other sources of uncertainties are the range of progeni ibited, since [Fe/Hs —1 here. Including the possibility of a

masses in Eq. (2) and the choice of IMF (Sect. 2.2), as We”gépersmn in the evolution of the metallicity leads Kobayashi

SR . to conclude that a cutoff in Type la rates should occur at
the dgpendence on cosmology (Sect. 5). Also, the'd|str|but|on Ofl—z. The Kobayashi et al. scenario should observationally
the different types among the core collapse SNe influences the

estimates. Changes in the fractions of the faint SN1987A-li ¢ similar to ther = 3 Gyr model, with a turn-on at ~ 1.5.

or bright Type lin's are most important. Due to their low lumi ecause the life time in their models= 0.6 Gyr, the peak in
. i > ~ .
nosity, the SN1987A-like SNe will be too faint to be detectethe SNR should occuratz, 1, rather than at ~ 0.7, as in the

by ground based telescopes for=> 0.5 (I = 27 at peak). 7 = 3 Gyr model

: . For core collapse SNe a lower metallicity can have several
0 0
Doubling the fraction (.)f these SN_e from 15% to 30%, or, aeﬁ‘f?cts. First, line blanketing in the UV may decrease somewhat
the other extreme, setting the fraction to zero, changes the t?ta

) or the Type IIP’s. Since this is mainly an ionization effect,
0, -
number of detected SNe byy18% at these redshifts. Char]grather than an abundance effect, it is, however, likely that this

Ing the fractlon of Type lin’s has a §I|ghtly different ?ﬁ?Ct' Byeffect is small. This is partly confirmed by the calculations by
increasingf (lin) from 2% to 4%, which is the upper limit pro- . .

dby C laro et al. (1997). the total number of det tman et al. (1994), who find only a marginal decrease of the
posed by Cappellaro etal. ( ). the total number of detec blanketing as the metallicity is decreased from solar to a

~ i 0
core collapse SNe ali}; ~ 24 increases by. 17%. At these tenth of solar. For extremely low metallicity, like for Pop. IlI

magnitudes it is mainly low redshift SNe in the steep part of ths?ars withZ < 10-27.-. blanketing mav. however. decrease
SFR curve that contribute, explaining the relative large effe%t ~ o g may, ’

. o . . . ) ignificantly, although the Balmer jump will still be present.
At fainter limiting magnitudes, an increasing fraction of norma g Y g Jump P

S Secondly, the relative fraction between different SN types
Iumlpos!ty SNe are detected at, and, even beyond, the Peakg%ha%/ change. In particular, the number of blue, compact super-
relative increase due to the Type lin’s is therefore marginal. éu

; lant progenitors similar to Sanduleal69° 202 may increase.
= S/-h 0, ~
|15 = 27 the number of SNe increasesby#% and for K, ; This would then lead to a larger fraction of faint SN1987A like
31.4 the number increases byl1%.

: o . SNe, decreasing the number of observable core collapse SNe at
Adding the uncertainties, we find that the counts of co 9 P

e .

. gh z. We emphasize that the exact reason for the blue progen-
qo]lapse SNe may vary by a factor more than two due to msulﬁ\"ér of SN1987A is not fully understood (e.g., Woosley et al.
ficiently known model parameters.

The estimated rates of Type la SNe are subjected to e\/legnglfi)r']aII the mass loss process of the SN progenitor mav de-
larger uncertainties. Besides the factors which also affect the Y, P prog y

core collanse SNe. the rates of Tvbe la’s depend stronalv on Enhend on the metallicity. An example is the known decrease of the
P ' yp P gy Sss loss rate with decreasing metallicity for radiatively accel-

;S;zmeilzgogﬁgﬁg:;ﬁgg{;g’nngo"’i‘;?ﬂ%%rfegzae; dd deiggr?f:l &Pted winds (e.g., Kudritzki et al. 1987). In the red supergiant
9y ' o o . phase dust driven mass loss may be less efficient (Salasnich
uncertainty by a factor 3. Considering this, it seems unlikely

) . et al. 1999). The importance of binary mass transfer may also
that counts of Type la’s can be used to set any constraints on - ; .

. . . . epend on the metallicity. A change in the mass loss rate with
the model parameters. With additional information about tﬁ

e : . metallicity would change the relative proportions between the
redshift d|§trlbyt|on of the SNe it Sh.OUM' however, be possib ifferent core collapse types. In particular, a decrease of the to-
to constrain either the progenitor life time or the cosmology

One of these parameters must. however. be independentl ]g'l mass lost is expected to lead to a decrease in the number of
. € P . ' ! P y ﬁe IIL, Ib and Ic SNe, while favoring Type IIP’s. In addition,
termined, since there is a degeneracy between the both whe

. | n ircumstellar medium medium Id then | t
comes to the estimated redshift distribution of the SNe. To da_ess dense circumsellar mediu edium could then lead to a

crease the uncertainties involved. well defined searches of crease in the ionization by the circumstellar interaction, and
. . L str%nger line blanketing for the Type IIL and lIn’s. Note, how-
at low redshift are highly desirable.
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ever, that the mass loss process even for local red supergiantaransson & Kozma 1999). Only for SN 1987A and a couple
their final phase is poorly understood. of other SNe has this become possible. The alternative to use
theoretical yields from collapse calculations is obviously less
satisfactory. The lower metallicity may also affect e.g. the mass
loss processes, as discussed in Sect. 8.2. This may change both
With large ground-based telescopes, and especially with NG&¥ progenitor structure and the upper and lower limits for the
it should be possible to detect SNe up to high redshifts, anddore collapse and Type la SNe, as well as the heavy element
estimate the rates of both core collapse and Type la SNe. Vields. In our view one of the most interesting goals for the
have shown that because the rate of core collapse SNe foll@kservation of SNe at high redshift may be to observationally
the SFR, it should be possible to use observed rates of these SiMdy the differences between the SNe in the early universe and
to constrain the SFR. As we have seen, a major problem is these today.
influence of dust extinction. In this respect we note that the NIR
bands have the advantage of being less affected by dust exting- . .
tion than the observed UV-luminosities. At high redshifts thesk,%g' Spacing between observations
bands correspond to the optical rest wavelength bands, and hanénportant aspect concerning the detection of SNe is the spac-
therefore a factor 023 lower extinction than the UV bands.ing in time between the observations. In order to detect the SN,
Different star formation models may therefore better be testége magnitude has to change appreciably. The interval is pri-
by using the K and M bands. Reaching high redshifts £ marily dependent on the shape of the light curve. Near the peak,
2), corresponding to K5 = 27, increases the differences invhere the SN changes relatively fast, a comparatively short time
the predicted counts between the star formation models sigrsfsufficient. This applies to searches where detection of SNe on
icantly (see Sect. 4.3). the rising part of the light curve is the main objective (e.g.,
The estimated difference in the redshift-integrated courgsarches for Type la’s fdg,). Core collapse SNe, which have
between the hierarchical star formation model and the high dasflatter decline of the light curve, need a longer spacing. This
star formation modelis afactgr2. This is about the same factoris especially true for the Type 1IP’s, which in the plateau phase
produced by the uncertainties in the modeling. It is therefodecline by< 1 mag. Unless a SN can be detected (against the
difficult to use these counts to probe star formation scenaribsst galaxy) with this precision it will be missed. The limiting
unless the parameters involved are better known. What seenegynitude of the search also affects the necessary spacing. A
more feasible is to use redshift subsamples to constrain the shdgeper search results in a higher meaof the observed SNe.
of the SFR. As shown in Sect. 4.3, for models with a flat SFRue to the cosmic time dilatation, the light curves of these SNe
at highz, we estimate a factor 4-5 more SNe withz > 4. are stretched in time, implying that a longer interval between
A major problem here is to determine the redshifts of the SN\@o observations is needesd, 100(1 +z) days. Therefore, in
(see discussion in Sect. 7). order to detect these SNe a deep observation with the VLT re-
A further problem is if a large fraction of the star formatiormuires an interval oF 100 days, while a corresponding NGST
takes place in galaxies with very large extinction, like M 82 arbservation requires approximately a years interval.
Abell 220 with A, ~ 5-10 magnitudes (instead of,, ~ 1,
as for our high_du;t mpdel). The diffgrence between t.he opéj_—G_ Comparison to other works
cal and UV extinction is then of less importance, leading to a
decrease in the estimated differences between the modelsApart from the studies by Pain etal. (1996), Madau et al. (1998a)
similar large extinction may be indicated by the results of trend Chugai et al. (1999), which we have already commented on,
ISO observations of some deep fields (e.g., Flores et al. 1998gre is a number of related investigations.
Far-IR observations is then the most reliable way of deriving Marri & Ferrara (1998) have studied of the effects of gravita-
the true star formation rate. An alternative is to use some otli@nal lensing of high redshift SNe. Using a Press-Schechter for-
source tightly coupled to star formation, but not affected by dusialism and gravitational ray-tracing, they determine the mag-
absorption. If gamma-ray bursts are related to some class of coifecation probability as function of redshift for different cos-
collapse SNe (e.g., Type Ic’s), they may be such class of objegtslogies. We have already discussed the implications of their
(Cen 1998). Also radio observations may be interesting in th&nsing results for our simulations in Sect. 6. Marri & Ferrara
respect. use these magnification probabilities to estimate the observed
magnitudes at high redshift. The fact that there is a relatively
large probability,> 10% for a factor of three or larger magni-
fication forz 2 4, means that even SNe as distantas 10
The study of the nucleosynthesis by direct observation of SN&y be within the limits of NGST. When estimating the ob-
is naturally affected by the same problem as the star formatieerved magnitudes they, however, assume that the light curve
rate. Unless the dust extinction can be determined reliablyigndescribed by a Type IIP light curve without any dispersion
an independent manner, the true number of SNe is difficultitomagnitude, although as we have seen, the Type IIP’s show
derive. In addition to this, the metallicity yields for SNe of dif-a very large variation in luminosity. They also assume a fairly
ferent masses is non-trivial to derive even at low redshifts (e.gigh temperature;- 25000 K during the first 15 days, which

8.3. SNe as probes of star formation

8.4. SNe and nucleosynthesis
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is twice as high as the models by Eastman et al. (1994) giyer year above ~ 5 when using:r = 7 (zp = 10). However,
This is especially important for the highSNe, and, as Marri the metallicity used by Miralda-Escad Rees may be over-
& Ferrara show, a lower temperature makes the detectabiltstimated by an order of magnitude (Songaila 1997), leading
considerably more difficult. Marri & Ferrara do not attempt anfp an overestimate of the SNR by the same amount. Also, the
discussion of expected rates of the higBNe. redshift before which the metallicity is assumed to have been
The effects of gravitational lensing is also investigated lproduced affects the comparison. Using 3, instead of ~ 5,
Porciani & Madau (1998). They find, as earlier mentioned,decreases the estimated number SNe given by Miralda-Escud
considerably lower probability for a substantial magnificatio® Rees by~ 30%. More important, integrating our rates for
than Marri & Ferrara do. Porciani & Madau present | bancedshifts above = 3, instead of = 5 as done above, results in
counts for Type la and core collapse SNe, both including Ganumber of SNe that is a facter4 higher. Other uncertainties
and without lensing. These counts are presented as the nunibéhe estimate by Miralda-Escad& Rees include the actual
of SNe in different magnitude bins (2% 1 45 < 27), seen at fraction of the baryonic matter which is enriched by the SNe.
the peak of the light curve for an effective observation duration Miralda-Escu@ & Rees limit their discussion to Type IIP
of one year. This leads to lower estimates for the observaldible, and do not attempt a detailed discussion of the observed
number of SNe compared to our estimates, where we inclugges. The observed magnitudes compare fairly well with our
SNe detected over the whole light curve. To compare our resutiagnitudes in the K and M bands, but are brighter in the optical
we have calculated counts in the same units as used by Porcéamd near-IR bands. The main reasons for this is that they use a
& Madau. We find a fairly good agreement between the cohégher effective temperature and that they do not take into ac-
collapse counts (deviation by a facter 2), but a somewhat countany line blanketing inthe UV, as our models do. As we dis-
worse agreement between the Type la counts. It should be natess in next section, the low metallicity may decrease this effect.
that expressing rates in units of an effective observation duratidpart from these caveats, the discussion by Miralda-Es&ud
requires anidealized observational procedure (as we have sh&ees provides an important constraint at high redshifts.
in the examples in Sect. 3.1). Gilliland et al. (1999) report on the discovery of two high
Ruiz-Lapuente & Canal (1998) discuss the possibility a&dshift SNe in the HDF (see also Mannucci & Ferrara 1999).
using R band counts of Type la SNe to distinguish differene of the SNe has a probable host galaxy at 0.95 (spec-
progenitor scenarios. They find, similar to our estimates, thadscopically determined) and is possibly a Type Il, whereas the
models with long-lived progenitors result in higher counts thasther SN has a probable host galaxy at 1.3 (photometrically
models with short-lived progenitors. To use this as a probe theégtermined) and is likely a Type la. Gillland et al. also make
note that it is necessary to know the SFR better than a factor Hiétailed estimates of the expected number of Type la and Type
However, the uncertainty in the SFR seems, as we have sholi§Ne in a HDF like search. With limiting magnitudg g ~
to be larger than this. It should therefore be difficult to use courtg.7 they find that- 0.32 Type la SNe should be detected in
to determine progenitor scenarios. Additionalinformation aboatsearch consisting of the HDF together with an observation of
the redshift distribution of the SNe is required. the same area made two years after the HDF. Using the same
The same authors also estimate the effects on the countscimsmological model as Gilliland et af2f;, = 0.28, Q5 =0.72,
alternative cosmologies. They find that a flatlominated uni- Ho = 63.3 km/s/Mp8) andr = 1 Gyr, we estimate- 0.6 Type
verse (\CDM) should result in higher counts of Type la SNéa SNe for a similar search. For a fiat,; = 1 cosmology we
than a standard cold dark matter universe (SCDM). The differstimate 0.7 SNe. The main reason for the difference in results is
ence between the cosmologies start @t t24, and increases that Gilliland et al. use a constant Type la SNR over the redshift
at fainter limiting magnitudes. A somewhat smaller increase fiange of interest (&< z < 1.5), which is considerably lower
the counts is found for an open universe with zero cosmologit¢aan the mean value of our rates outte- 1.5.
constant (OCDM). For Type Il SNe Gilliland et al. estimate 1.2 SNe in HDF
Our results for different cosmologies agree with the genergtyle search. This is in good agreement with our results, even
trend of Ruiz-Lapuente & Canal. Using counts to distinguighough the modeling differs in many aspects. We estimated
between cosmologies, however, requires both that the SFRase collapse SNe for the cosmology used by Gilliland et al.,
well known, and that restrictions can be set on the progenitor ldied 1.3 SNe for &,, = 1 cosmology.
time. If this is not the case, the degeneracy between the different Considering the small statistics, both estimates are consis-
parameters involved makes a distinction between cosmolodiest with the discovery of two SNe in the HDF.
very difficult. Sadat et al. (1998) discuss the cosmic star formation rate,
In an interesting paper Miralda-Es@i& Rees (1997) dis- using a spectrophotometric model for different assumptions of
cuss the possible detection of very high redshift core collapbe dust extinction. From this they calculate SNla and core col-
SNe atz > 5. By requiring that a metallicity. 10~2Z, is pro- lapse rates, but do not translate these into directly observable
duced at: ~ 5, they estimate a rate of about one core collapsates. Their SFR is a factgr 3 higher than ours, which seems
SN per square arcmin per year abave 5. Our extrapolated mostly to be due to the use of different factors when converting
hierarchical model gives a rate ©f0.05 SN per square arcminthe observed luminosity densities to the SFRs. This also leads
per year above ~ 5. This may favor models with a flat SFRto higher SNRs (their Fig. 2). Sadat et al. also presents a case for
at high z, which result in~ 0.4 (0.7) SNe per square arcminlype la rates with a different normalization. These rates (their
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Fig. 3) agree better with our estimates at low redshifts. At hidgtigher than in the hierarchical model. The estimated number of
redshifts the Type la rates differ more due to different modelir@Ne withz > 2 in the K band for NGST is a factox 3 higher
of these SNe. than in the hierarchical model. The model with flat SFR at high
Jgrgensen et al. (1997) attempt a calculation of the absobut with low extinction, result in a facter 2 higher number
lute rates of Type Ia, Il and Ib SNe from a population modedf SNe withz > 2, compared to the hierarchical model, for the
Although in principle appealing, this model depends on the uUNGST limit.
certain scenarios for the progenitors of especially the Type la’s, An important practical point is that in order to detect es-
as we have already discussed in this paper. Any estimates ywétially the Type I[IP SNe at high it is necessary to have a
therefore be sensitive to these assumptions. They also negspetcing between observations~0fL00 days for ground based
the distinction between Type IIP’s and Type lIL's, which modklescopes, and- 1 year for deep observations with NGST.
likely originate from different progenitors. Further, Jgrgenseshorter time intervals do not allow for the luminosity of the
et al. assume in the calculation of the observed magnitudesSiNe to decrease by an amount necessary for detection.
the different bands as function of redshift, that the spectrum is When it comes to the observed rates of Type la SNe, we
characterized by that at the peak. As we have discussed, fthd that these are highly sensitive to the star formation mod-
spectrum and luminosity vary strongly with time. The most seling. This is due to the fact that the Type la’s are less linked
rious deficiency is in our view their neglect of the magnitud the environment where their progenitors were formed. The
variation, as given by the light curve, which as we have seamcertainty in the life-time of the progenitors, combined with
changes the observed rates by large factors. Their estimatethefsensitivity of the Type la rates to the onset of star formation
the observed rates are therefore highly questionable. in the models with a flat SFR at high contributes to the dif-
ficulty with using Type la counts as probes for either different
star formation scenarios or progenitor models. This is further
hampered by the fact that even the local rate is highly uncertain,

Observations of high redshift SNe are of interest for sevefld that this propagates to other redshifts through the normal-
reasons. First of all, one has through these a direct probe of ition of the rates at = 0. Therefore, accurate measurements
nucleosynthesis and star formation of the universe. In practiééthe Type la rates at low are most desired.
there are several obstacles for a quantitative study of these is-Precise measurements of the Type la rates & 1 could
sues. The fact that a large fraction of the star formation, and tHigistrain the parameters to some extent. For example, in a given
the SNe, may be hidden within optically thick dust can makeG@smology there is a high redshift cutoff in the la rates at an
difficult to determine the total SFR and SNR accurately. This@poch that depends strongly enbut is less dependent on the
certainly true for the optical bands, where we have found thgar formation scenario. In agreement with previous studies we
the predicted total number of core collapse SNe witig 1.5 find that counts of Type la SNe can be used as cosmological
is rather insensitive to the assumed star formation scenarioP&gbes. This does, however, require that both the SFR and the
long as the star formation is calculated to match the same &fpknown life time of the Type la progenitors can be determined
served luminosity densities, and the same extinction is assurfidependently.
for the UV light from the galaxies and the SNe. Observations We predict the number of simultaneously detectable Type
in the near-IR are less affected by this, and offers a clear d8-SNe per NGST field to be- 5-25, depending on progeni-
vantage to the observations of the far-UV, as used for Lym#@f model and star formation scenario. Additional uncertainties
break objects. However, if a large fraction of the star formatiaMiden this range even more. Of the simultaneously observable
occurs in highly obscured star burst galaxies, also the neardi@€ |a SNe, about 5% are on the rising part of the light curve.
rates are severely affected. A further advantage of using SN&-86 @ ground based telescopes with limiting magnituge 4
star formation indicators is that they are insensitive to surfadé we predic75—400 Type la’s per square degree of whish
brightness selection effects. A complication when it comes &% are on the rise of the light curve.
studying the nucleosynthesis is that the yields of the supernovaeA major technical aspect of our work is that we have tried
may vary with metallicity. to incorporate as much knowledge as possible about the theo-
Animportant motivation for searches of SNe at high redshfétical and observational properties of the different classes of
is that one can from this type of observations learn somethifi§le. In particular, we have found that the spectral evolution is
about the SNe themselves when observed in a different ergiportant for the magnitudes in the different bands. A striking
ronment. In particular, differences in the fractions of the vario@xample is the sensitivity to the UV cutoff, which for most SNe
core collapse subclasses, their spectra and luminosities may §iQ&1inate the evolution in the optical bands. We have also found
new insight into the physics of the SNe and their progenitorshat a proper treatment of the light curve can change the pre-
The number of core collapse SNe that can be detected wiiisted rates by factors of three or larger. An important source of
NGST, with its expected limiting magnitude K 31.4, should uncertainty in these estimates are the local frequencies of SNe
be ~ 45 per field in a 1&s exposure, assuming a hierarchicdf different classes, as well as their distribution in luminosity.
star formation scenario. The mean redshift of these SNe)is More extensive surveys with well defined selection criteria are
= 1.9. About one third of the SNe have > 2. The high dust therefore of highest priority for reliable predictions at high red-
model results in total counts in thé Kand that are a facter 2 Shifts.

9. Conclusions
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